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PREFACE 

TO 

THE    THIRD    EDITI  0  N. 


rpHE  twelve  years  which  have  elapsed  since  the  publication  of  the  Second 


J-  Edition  of  this  '  System '  have  been  marked  by  a  very  rapid  progress  in 
practical  surgery.  During  the  same  period  also  theories  of  wide  bearing  on 
practice  have  acquired  an  importance  which  they  were  far  from  possessing  at 
the  previous  date. 

Amongst  the  most  important  of  the  practical  changes  we  may  note  the 
immense  progress  which  has  been  made  in  the  operative  treatment  of  tumours 
and  other  affections  of  the  abdominal  cavity  ;  the  introduction  of  rapid  litho- 
trity  ;  the  operative  treatment  of  stone  and  other  affections  of  the  kidney ; 
the  great  increase  in  the  adaptation  of  osteotomy  to  the  treatment  of  de- 
formities ;  the  advance  which  has  been  effected  in  the  operative  treatment 
of  diseases  of  the  joints  ;  the  increased  attention  given  to  injuries  of  the  spine, 
and  the  other  results  of  general  concussion ; — and,  above  and  beyond  all,  the 
gratifying  immunity  from  the  secondary  complications  of  wounds  and  injuries 
which  has  marked  the  surgery  of  the  last  few  years,  and  wrhich  has  rendered 
proceedings  justifiable  and  successful  both  in  the  preservation  of  injured  parts 
and  in  surgical  operations  of  all  kinds  which  would  have  been  universally  re- 
pudiated a  few  years  ago.  This  comparative  immunity  from  blood-poisoning, 
and  the  consequent  advance  of  operative  surgery,  have  evidently  coincided 
with  the  introduction  of  what  is  known  as  Antiseptic  Surgery ;  and  the  theories 
on  which  this  treatment  rests,  and  the  alleged  discoveries  which  have  grown 
out  of,  and  supplemented,  those  theories,  have  so  direct  a  bearing  on  practice 
that  they  must  be  discussed  in  any  system  of  practical  surgery.  Then,  again, 
the  whole  pathology  of  tumours  has  been  recently  modified  in  consequence 
of  the  labours  of  the  German  pathologists ;  while  the  prevalent  views  of  the 
pathology  of  septicaemia  and  pyaemia  have  been  largely  modified  from  the 
same  source. 

All  this  has  necessitated  a  very  considerable  modification  in  the  work 
published  twelve  years  ago  :  but,  besides  this,  the  death  or  retirement  of  many 
of  the  original  authors  has  thrown  their  treatises  into  the  hands  of  younger 
men,  who  have  used  the  opportunity  freely  to  revise  and  supplement,  and  in 
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some  cases  altogether  to  replace,  their  predecessors'  works,  availing  them- 
selves of  the  larger  experience  and  more  exact  research  of  the  present  day. 
Many  of  the  treatises,  however,  remain  in  the  charge  of  their  original  authors, 
and  of  these  some  are  practically  unchanged,  while  others  have  been  largely 
altered  and  some  almost  rewritten. 

Such  additions  and  modifications  would  have  been  att  ended  with  a  great 
increase  in  the  bulk  of  the  work,  had  not  a  rigorous  economy  of  space  been 
enforced  by  the  editors  and  accepted  by  the  authors.  This  has  rendered  it 
possible  to  bring  the  book  into  even  less  than  its  original  compass,  notwith- 
standing the  addition  of  a  large  number  of  new  illustrations.  As  it  was  thought 
that  the  size  and  cost  of  the  former  editions  were  the  chief  obstacles  to  their 
rapid  sale,  the  present  has  been  printed  in  the  cheapest  form,  consistent  with 
clearness  and  legibility,  so  that  the  matter  which  was  previously  contained  in 
five  volumes  is  here  presented  to  the  reader  in  three. 

No  radical  change  has  been  made  in  the  division  of  the  subject  which  was 
adopted  originally ;  but  some  minor  variations  from  the  order  followed  in  the 
Second  Edition  have  been  made  for  the  sake  of  convenience  of  arrangement. 
The  principal  of  these  changes  are  that  the  essay  on  Syphilis  has  been  trans- 
ferred from  the  section  on  General  Pathology  to  that  on  Diseases  of  the 
Genital  System ;  and  the  essays  on  Affections  of  the  Skin  have  been  placed 
in  a  different  part  of  the  work. 

Finally,  the  essay  on  Hospitals  which  valuable  as  it  was  seemed  hardly  to 
be  a  necessary  part  of  a  system  of  practical  surgery,  has  been  withdrawn,  and 
the  matter  of  that  on  Surgical  Instruments  has  been  distributed  amongst  the 
other  essays. 

We  must  not  omit  to  notice  that  the  printing  and  revising  of  so  large  a 
mass  of  matter  has  necessarily  occupied  a  long  time — more  than  a  year.  Con- 
secpiently  many  of  the  essays  nowT  published  were  completed  many  months  ago  ; 
and  hence  do  not  contain  any  reference  to  matter  which  would  certainly  have 
found  a  place  in  them  had  they  been  written  later.  Thus  it  happens  that 
the  essay  on  Gunshot  Injuries  contains  no  allusion  to  the  experience  gained 
in  the  late  Egyptian  campaign — that  the  essay  on  Injuries  of  the  Back  has 
no  discussion  of  the  views  recently  put  forward  in  Mr.  Page's  work,  and 
several  similar  instances  might  be  noted. 

The  Editors  must  plead  the  extreme  difficulty  of  their  task  as  an  excuse 
for  the  many  shortcomings  of  which  they  are  conscious  in  its  execution.  The 
work  has  hitherto  taken  a  high  rank  as  an  exposition  of  the  theory  and  prac- 
tice of  the  English  School  of  Surgery,  a  school  which  holds  no  subordinate 
position  in  the  world.  We  can  only  hope  that  this  edition  of  the  System  of 
Surgery  will  not  diminish  its  reputation. 

T.  HOLMES. 
J.  W.  HULKE. 


January  1888. 
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THE  object  of  this  book  is  to  unite  into  a  complete  system  the  opinions 
and  experience  of  many  men,  most  of  them  Hospital  Surgeons  in  London, 
and  most  of  them  writing  on  subjects  of  their  own  choice.  As  each  subject 
must  be  treated  with  something  of  the  completeness  of  a  monograph,  the 
work  must  necessarily  be  voluminous  ;  but  both  Contributors  and  Editor 
have  done  their  best  to  present  each  essay  in  as  moderate  a  compass  as  the 
topic  would  allow.  Where  so  many  men  unite  in  writing  on  parts  of  one 
great  subject,  it  is  hardly  possible  to  avoid  some  differences  of  opinion  ;  but 
none  of  much  importance  will,  it  is  hoped,  be  detected-  in  the  following  pages, 
and  certainly  none  which  can  destroy  the  uniformity  of  the  teaching. 
The  arrangement  adopted  in-  this  work  is  as  follows  : 

I.  The  diseases  which  affect  the  whole  system  are  first  described,  and  this 
part  comprises  the  essays  ending  with  that  on  Cancer. 

II.  The  next  part  treats  of  injuries  which  either  involve  the  whole  or  a 
large  part  of  the  body,  or  which  may  be  met  with  in  any  region.  This 
extends  to  the  end  of  the  essay  on  Gunshot  Wounds,  in  the  Second  Volume. 
These  two  parts  comprise  the  whole  subject  of  Surgical  Pathology. 

III.  The  various  local  injuries  are  next  described;  and  in  this  part  the 
anatomical  order  has  been  followed,  the  body  having  been  divided  into  eight 
regions — the  Head,  Face,  Neck,  Thorax,  Back,  Pelvis,  Upper  and  Lower 
Extremity.  By  this  plau  it  was  thought  that  the  injuries  which  affect  the 
same  parts,  and  which  in  practice  have  to  be  diagnosed  from  each  other, 
would  be  brought  into  the  same  part  of  the  book  and  under  the  treatment  of 
the  same  author. 

IV.  The  principles  of  operative  and  minor  Surgery,  and  of  the  employ- 
ment of  anaesthetics,  follow  the  essays  on  local  injuries. 

V.  The  next  part  comprises  the  surgical  diseases  of  the  various  organs  of 
the  body.  These  have  been  arranged  according  to  the  function  of  the  parts 
affected  :  as  diseases  of  the  organs  of  special  sense—  the  Eye,  Ear,  and  Nose  ; 
of  the  organs  of  locomotion — the  Bones,  Joints,  Muscles,  Tendons,  and  their 
Sheaths,  &c. 

VI.  An  Appendix  completes  the  work,  comprising  the  Principles  of 
Surgical  Diagnosis,  of  the  Surgical  Pathology  and  Treatment  of  Children's 
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Diseases,  the  Construction  and  Management  of  Hospitals,  and  various  mis- 
cellaneous matters  which  it  was  found  difficult  to  bring  under  any  of  the 
previous  heads. 

This  arrangement  has  been  chosen,  not  as  being  free  from  objections,  but 
as  the  best  which  suggested  itself.  The  principal  objection,  perhaps,  is  the 
difficulty  of  separating  the  direct  effects  of  injury  from  those  diseases  which 
frequently  result  from  injury  ;  but  it  is  hoped  that  it  will  be  found  to  have 
the  merit  of  being  intelligible,  and  of  not  making  unnecessary  artificial 
separations  between  things  nearly  connected  in  practice. 

Any  difficulty  which  maybe  found  in  discovering  the  place  of  any  subject 
will  be  met  by  the  analytical  Tables  of  Contents  at  the  head  of  each  volume, 
and  the  copious  Index  at  the  end  of  the  work. 

For  the  plan  of  the  work  the  Editor  must  be  held  responsible ;  the 
opinions  expressed  in  each  separate  essay  rest  upon  the  authority  of  the 
writer,  whose  name  is  signed  to  it. 

The  Editor  must  express  his  deep  sense  of  the  honour  done  him  in  select- 
ing him  for  the  important  task  of  preparing  this  book  and  seeing  it  through 
the  press.  He  has  endeavoured  to  discharge  his  difficult  duties  to  the  best 
of  his  ability  ; — had  it  not  been  for  the  unfailing  courtesy  and  willing 
cooperation  which  he  has  experienced  from  all  the  Contributors,  it  would 
have  been  impossible  to  perform  them  at  all ; — nor  could  the  scheme  have 
ever  been  realised  but  for  the  energy  and  liberality  of  the  Messrs.  Parker. 
The  Editor,  as  well  as  all  connected  with  it,  have  to  lament,  in  the  premature 
death  of  Mr.  Parker,  Junior,  one  who  was  warmly  interested  in  the  success 
of  this  undertaking,  whose  friendship  the  Editor  was  happy  enough  to  form 
in  consequence  of  their  common  connection  with  it,  and  from  whom  he  con- 
stantly received  valuable  advice  and  encouragement. 

T.  HOLMES. 


22  Queen  Street,  Mayfair- 
December  1860. 
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INFLAMMATION. 


THE  purpose  of  the  present  article  is  to  consider  generally  the  Pathology  and 
Treatment  of  Inflammation. 
In  those  sections  of  the  work  which  refer  to  diseases  and  injuries  of  particular 
organs,  there  will  be  better  opportunity  for  discussing  how  far  this  or  that  organ, 
when  inflamed,  gives  distinctive  characters  to  the  inflammation  affecting  it,  or  re- 
quires that  such  inflammation  should  be  treated  by  peculiar  means.  In  the  present 
essay,  therefore,  such  'local  specialities'  of  the  subject  will  be  but  lightly  touched 
upon ;  only  so  far,  indeed,  as  may  be  necessary  to  illustrate  general  statements,  or 
to  render  them  correct  and  complete.    Thus,  for  instance,  the  student  who  wishes 


Errata. 

Vol.  I. 

Page  x.  Table  of  Contents,  and  page  xxix.  List  of  Authors,  Article  on  '  Abscess,'  for 
H.  T.  Butlin  read  Harrison  Cripps. 
,,    254,  line  30,  for  Embryomic    read  Embryonic. 
..    315,    ,,     8,  ,,  stars  ,,  scars. 

,.    319,    „   35,   ,,  opal  ,,  copal. 

.,    343,    ,,   13,   „  exathematous    .,  exanthematous. 
,,    344,    ,,   39,   ,,  stimulating        ,,  simulating. 
„    379,    „     9  from  bottom,  for  doubt  read  no  doubt. 

.,    416,    „   19,  for  to  effected  ,,    to  be  effected. 

„    601,    „     8  from  bottom,  for  distintive        „  distinctive. 
„    674,        27,  for  skull  (in  the  second  place")  ..  spine, 
,,    696  is  wrongly  numbered  966. 


to  say,  tnat  rational  surgery  depends  more  upon  a  knowledge  of  the  inflammatory 
process  than  upon  all  other  pathological  knowledge  put  together. 

I.  Etymology. 

The  word  '  inflammation  '  is  a  very  old  one.  That  burnt  or  wounded  external  parts 
are  apt  to  become  hot,  red,  painful,  and  swollen,  must  have  been  among  the  first 
observations  of  mankind.  The  increased  heat  of  the  injured  part,  or  the  sufferer's 
feeling  of  increased  heat  in  it,  seems  especially  to  have  fixed  popular  attention ;  and 
thus,  however  far  back  in  time  we  trace  the  nomenclature  of  disease,  we  always  find 
that  such  words  as  our  '  inflammation '  deriv.  flamma,  <j)\£y/xa,  <f>\4yuv — words 
which  denote  the  physical  fact  of  having  been  set  on  fire — have  been  used  with  regard 
to  textures  of  the  living  body,  in  order  to  express  that  peculiar  morbid  change  which 
external  injury  excites  in  them.2 

1  By  Mr.  Simon's  desire  I  have  revised  this  edition  of  his  original  essay  and  seen  it 
through  the  press.  The  very  few  modifications  (other  than  mere  verbal  corrections)  which 
I  have  thought  it  necessary  to  introduce  are  included  in  brackets  and  signed  with  my  initials. 
The  rest  remains  unchanged  from  the  edition  of  1870.  Many  new  views  have  since  then 
prevailed  as  to  the  causation  and  intimate  nature  of  the  sequelae  of  inflammation  ;  but  these 
will  he  found  discussed  in  the  articles  on  Pyaemia,  Gangrene,  Hectic,  Erysipelas,  &c. 

T.  Holmes. 

2  Everv  one  who  reads  the  German  language  will  recognise  that  the  above  statement 
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Treatment  of  Inflammation. 
In  those  sections  of  the  work  which  refer  to  diseases  and  injuries  of  particular 
organs,  there  will  be  better  opportunity  for  discussing  how  far  this  or  that  organ, 
when  inflamed,  gives  distinctive  characters  to  the  inflammation  affecting  it,  or  re- 
quires that  such  inflammation  should  be  treated  by  peculiar  means.  In  the  present 
essay,  therefore,  such  'local  specialities'  of  the  subject  will  be  but  lightly  touched 
upon ;  only  so  far,  indeed,  as  may  be  necessary  to  illustrate  general  statements,  or 
to  render  them  correct  and  complete.  Thus,  for  instance,  the  student  who  wishes 
to  learn  all  that  may  practically  aid  him  with  reference  to  the  diagnosis  or  treatment 
of  ophthalmia  or  of  synovitis  will  refer  to  those  after-pages  in  which  diseases  of 
the  eye  and  diseases  of  the  joints  are  considered.  Likewise  what  relates  to 
'  specific  varieties '  of  inflammation  may  be  more  advantageously  studied  in  the 
sections  which  are  devoted  to  syphilis,  scrofula,  carbuncle,  erysipelas,  and 
other  like  subjects.  Even  the  so-called  '  terminations  '  of  inflammation  will  not  be 
exhaustively  considered  in  this  general  article ;  for  many  of  the  facts  connected 
with  them  can,  at  least  for  practical  purposes,  be  more  conveniently  classed  under 
such  special  heads  as  those  of  abscess,  ulcer,  and  gangrene. 

Notwithstanding  these  limitations,  the  present  subject  is  of  large  scope  and  of 
equally  large  importance.  To  the  student  whose  acquaintance  with  it  is  first 
beginning,  it  seems  to  branch  almost  throughout  the  whole  subject-matter  of  surgery. 
Nor  does  a  more  critical  inquiry  tend  very  greatly  to  abate  this  first  impression. 
For  among  the  infinite  varieties  of  surgical  casualty  and  disease,  singularly  few  are 
the  cases  which  do  not  at  some  moment  of  their  course — either  in  their  origin,  or  in 
their  complications,  or  in  their  treatment — involve  an  appeal  to  those  laws  of  textural 
irritability  which  govern  the  phenomena  of  inflammation.  And  it  is  no  exaggeration 
to  say,  that  rational  surgery  depends  more  upon  a  knowledge  of  the  inflammatory 
process  than  upon  all  other  pathological  knowledge  put  together. 

I.  Etymology. 

The  word  '  inflammation  '  is  a  very  old  one.  That  burnt  or  wounded  external  parts 
are  apt  to  become  hot,  red,  painful,  and  swollen,  must  have  been  among  the  first 
observations  of  mankind.  The  increased  heat  of  the  injured  part,  or  the  sufferer's 
feeling  of  increased  heat  in  it,  seems  especially  to  have  fixed  popular  attention  ;  and 
thus,  however  far  back  in  time  we  trace  the  nomenclature  of  disease,  we  always  find 
that  such  words  as  our  '  inflammation '  deriv.  flamma,  (f>\ey/xa,  </>Aeyeu/ — words 
which  denote  the  physical  fact  of  having  been  set  on  fire — have  been  used  with  regard 
to  textures  of  the  living  body,  in  order  to  express  that  peculiar-  niorbid  change  which 
external  injury  excites  in  them.2 

1  By  Mr.  Simon's  desire  I  have  revised  this  edition  of  his  original  essay  and  seen  it 
through  the  press.  The  very  few  modifications  (other  than  mere  verbal  corrections)  which 
I  have  thought  it  necessary  to  introduce  are  included  in  brackets  and  signed  with  my  initials. 
The  rest  remains  unchanged  from  the  edition  of  1870.  Many  new  views  have  since  then 
prevailed  as  to  the  causation  and  intimate  nature  of  the  sequelse  of  inflammation  ;  but  these 
will  he  found  discussed  in  the  articles  on  Pyaemia,  Gangrene,  Hectic,  Erysipelas,  &c. 

T.  Holmes. 

2  Everv  one  who  reads  the  German  language  will  recognise  that  the  above  statement 
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But  such  words  have  not,  in  their  application,  been  restricted  to  the  results  of 
local  injury.  So  far  back  as  medical  literature  extends,  they  have  embraced  cases, 
both  of  external  and  of  internal  affection,  where  like  phenomena  arise  independently 
of  exterior  lesion.  The  earliest  observers  of  gout,  carbuncle,  or  erysipelas,  must 
have  seen  exterior  parts  of  the  body  becoming  hot,  swollen,  red,  and  painful,  though 
with  no  ostensible  injury,  mechanical  or  chemical,  from  without  ;  and  conclusions 
which  were  formed  as  to  external  diseases  would  soon  extend  themselves  to  whatever 
seemed  kindred  in  the  symptomatology  of  internal  organs.  To  us,  with  present 
knowledge,  these  inferences  seem  obvious.  Yet  it  is  not  a  trifle  that  the  important 
generalisation  which  is  implied  in  our  present  use  of  the  word  '  inflammation  '  had 
been  made  so  many  centuries  ago.  Observers  had  already  mastered  one  very  great 
lesson  in  pathology.  They  had  learnt  to  recognise  the  morbid  action  irrespectively 
of  its  site  or  cause.  They  had  learnt  to  see  in  inflammation  a  definite  state  of  disease 
which  various  causes  might  produce,  and  into  which  any  organ  might  be  brought ; 
but  which,  however  caused,  or  wherever  existing,  was  to  be  considered  as  substan- 
tially the  same. 


II.  Description  of  the  Inflammatory  Process  and  of 
its  Symptoms  and  Causes. 


A.  THE  PROCESS. 

[Since  the  first  publication  of  this  book  in  1860,  many  observers  and  experi- 
menters have  been  at  work  on  the  Process  of  Inflammation,  with  results  which 
have  greatly  modified  our  views  of  its  intimate  pathology.  In  the  second  edition, 
published  in  1870,  Mr.  Simon  withdrew  the  section  of  his  original  article  under 
the  above  heading,  which  was  replaced  by  a  separate  essay  on  the  Process  of 
Inflammation,  by  Dr.  Burdon  Sanderson,  published  in  1871,  in  the  fifth  volume  of 
that  work,  and  forming  the  completion  of  Mr.  Simon's  article.  In  the  present 
edition  the  same  arrangement  essentially  is  followed,  Dr.  Burdon  Sanderson  having 
entirely  re-written  his  essay  in  accordance  with  his  more  recent  researches.  I  have 
left  Mr.  Simon's  general  article  practically  untouched,  chiefly  because  I  despaired  of 
making  any  material  alteration  in  it  which  would  not  be  for  the  worse ;  and  partly 
because  I  still  think  that  in  all  its  great  practical  doctrines,  subsequent  experience 
has  only  confirmed  the  opinion  originally  formed  of  its  excellence.  But  in  many 
pathological  details  the  attentive  reader  will  discover  changes  of  opinion  since  this 
article  was  written  twenty-two  years  ago.  And  I  think  it  will  not  be  without  its 
use  to  the  student  of  pathology  to  compare  the  doctrines  of  to-day  with  those  of  a 
previous  though  still  recent  period,  and  to  reflect  on  the  evidence  upon  which 
each  is  based. — -T.  H.] 

applies  to  it  (in  respect  of  its  word  Entzilndwng)  and  generally  to  the  languages  having 
nearest  affinity  with  German,  as  much  as  to  the  Greek  and  its  derivatives.  And  the  follow- 
ing memorandum,  for  which  the  writer  is  indebted  to  the  kindness  and  learning  of  Mr. 
Charles  Rieu  of  the  British  Museum,  shows  the  same  thought  to  have  been  at  work  in  other 
languages:  'I  find  that  the  Arabic  equivalents  of  "  inflammation  "  in  its  medical  sense  arc 
t   >\^\  ittihdb  (literally  a  hlazing-up),  and  also  'i        hararuh  and  i'j^X^t  snkhanah,  which 

both  mean  heat.    In  Sanscrit  I  find  ^"Tt?  &dha  (burning),  ^TtjTT  jwdld  (flame),  ^TTJ 

idpa  (heat),  with  its  compounds  upatdpa  and  santdpa  (internal  or  general  heat).  My  learned 
friend  Mr  Zedner  tells  me  that  the  best  Hebrew  equivalent  is  Jimp  kadukhut  (kindling, 
burning),  which  is  especially  applied  to  the  burning  of  the  fever.' 
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B.  THE  SYMPTOMS  OF  INFLAMMATION. 

That  inflammation  is  denoted  by  '  redness  and  swelling  with  heat  and  jiain  '  was 
the  teaching  of  Celsus  some  eighteen  centuries  ago.  Subject  to  a  somewhat  more 
free  interpretation  than  perhaps  he  would  have  given  to  his  words,  the  statement 
may  still  be  accepted  as  true.  And  there  can  be  no  more  convenient  way  of  dis- 
cussing the  symptoms  of  inflammation  than  to  analyse  that  celebrated  formula  ; 
remembering,  of  course,  that  it  purports  to  describe  only  what  is  common  to  all 
inflammation,  and  that  such  symptoms  as  are  special  to  particular  inflamed  organs 
will  remain  for  subsequent  study. 

In  all  red-blooded  creatures  Redness  necessarily  accompanies  inflammation ; — 
redness,  seen  during  life,  if  the  inflamed  part  be  one  which  we  inspect  from  without, 
but,  at  any  rate,  redness  which  the  anatomist  can  discover  in  the  dead  body.  And 
the  redness  here  meant  is  not  a  tixed  blot  of  colour,  but  a  redness  which  during  life 
vanishes  when  the  part  is  pressed  upon,  and  almost  instantly  returns  when  this 
pressure  is  removed.  It  is  the  expression  of  that  hypersenria  which  excitement  of 
texture  invariably  produces.  The  part  is  over-coloured,  because  it  is  over-full  of 
blood.  The  ministerial  blood-vessels,  relaxing  their  muscular  tone,  have  admitted 
into  their  canals  more  than  the  ordinary  flow  of  contents ;  and  wherever  there  is 
stasis  in  the  capillaries,  the  colouring  elements  of  this  blood  are  clustered  with  com- 
parative concentration.  Also  in  many  cases,  as  inflammation  proceeds,  new  blood- 
vessels develope  themselves,  and,  like  the  old  ones,  become  filled  with  blood. 

Accidentally,  in  many  inflammations,  there  will  be  added  to  these  necessary 
sources  of  increased  redness  the  further  colouring  of  haemorrhage  ;  for  often  the  dis- 
tended and  softened  capillaries  break  with  the  impulse  of  the  circulation,  and  let 
more  or  less  blood  extravasate  itself  into  the  inflamed  part.  Such  spots  of  haemor- 
rhage, if  they  admit  of  being  observed  during  life,  can  be  distinguished  from  the 
redness  which  is  essential  to  inflammation  by  the  fact  that,  while  the  latter 
disappears  under  the  pressure  of  the  finger,  the  hemorrhagic  spots  remain  stationary. 

The  redness  of  inflammation  varies  in  degree  and  in  tint.  The  intensity  of  red 
represents  the  quantity  of  blood  which  is  in  the  part.  The  quality  of  red,  on  the 
other  hand,  represents  the  rate  of  the  local  circulation.  The  tint  shades  from  scarlet 
to  purple,  in  proportion  as  the  blood,  moving  more  slowly  through  the  pait,  acquires 
a  more  venous  complexion  ;  and  the  quality  of  redness  is  therefore  notably  a  sign  of 
the  quality  of  the  local  process, — the  more  active  inflammation  having  the  brighter 
red,  the  more  chronic  inflammation  tending  to  dark  and  livid. 

Redness  due  to  vascular  fulness  must  accompany  inflammation.  But  it  is  not  in 
itself  a  sufficient  sign  of  inflammation ;  for  such  redness  may  be  the  result  of  venous 
obstruction, — as  we  see  in  the  suffused  tumid  face  of  a  person  suffering  from  dyspnoea. 
Nor,  even  when  due  to  arterial  expansion,  is  it  necessarily  the  evidence  of  inflam- 
mation ;  for  every  hypertrophic  process  suffices,  like  inflammation,  to  determine  an 
increased  supply  of  blood  to  the  part ;  and  the  redness  of  active  hyperemia  is,  for 
instance,  as  well  marked  in  the  uterus  during  gestation  as  it  would  be  if  the  uterus 
were  inflamed. 

Generally  speaking,  the  local  maximum  of  redness  is  conterminous  with  the  local 
maximum  of  textural  excitement ; — where  there  is  most  of  the  inflammation,  there  is 
most  of  the  redness.  But  there  are  cases  where  this  cannot  be.  "With  what  are 
called  extravascular  tissues — tissues  which,  like  cornea  and  cartilage,  are  not 
naturally  permeated  by  blood-vessels,  but  are  nourished  by  (comparatively  speaking) 
long  reaches  of  imbibition  from  their  ministerial  blood-vessels — the  maximum  of 
redness  will  be  where  these  blood-vessels  have  their  capillary  plexus.  Thus,  when 
the  cornea  is  wounded  at  its  centre  and  begins  to  inflame  at  the  injured  spot,  it  is 
not  there,  but  in  the  surrounding  conjunctiva,  that  we  look  for  the  redness  which 
attends  inflammation  :  for  here  is  the  medium  through  which  the  cornea  in  health 
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depends  on  the  circulatory  system  ;  and  here  consequently  it  is  that,  when  the  cornea 
is  inflamed,  those  vascular  changes  occur  which  minister  to  the  act  of  inflammation. 

Swelling  in  inflammation  results  partly  from  the  greater  abundance  of  blood 
which  is  in  the  vessels  of  the  inflamed  tissue.  But  mainly  it  results  from  the  excess 
of  exudation  with  which  the  texture  is  infiltrated,  and  from  the  profusion  of  growth 
to  which  that  exudation  ministers.  Obviously  then  the  symptom  must  vary  accord- 
ing to  the  degree  in  which  an  inflamed  texture  holds  this  exudation  within  its  sub- 
stance. In  cases  of  synovial  and  serous  inflammation,  the  effusion  which  collects 
within  the  shut  sac  represents  what  in  solid  organs  would  be  swelling  from  infiltra- 
tion ;  and  where  mucous  membranes  are  inflamed,  the  altered  secretion  which  falls 
from  their  surface  is,  in  the  same  sense,  equivalent  to  swelling.  Yet  even  in  these 
cases  (sometimes  with  the  naked  eye,  sometimes  with  the  microscope)  we  can  recog- 
nise that  the  inflamed  texture  is  not  altogether  free  from  true  swelling,  but  presents 
an  amplification  of  at  least  its  epithelial  layer — the  interference  with  respiration 
which  belongs  to  the  beginning  of  acute  bronchitis,  the  filling  up  of  the  kidney- 
tubules  with  modified  cell-growth  in  scarlet- fever,  and  the  diminished  stream  of 
urine  during  the  severity  of  gonorrhoea,  being  in  this  respect  illustrations  of  common 
inflammatory  swelling.  Not  infrequently  in  such  cases  tumefaction  extends  to  the 
subjacent  areolar  tissue ; — acute  ophthalmia  may  thus  occasion  the  peculiar  swelling 
which  is  called  chemosis;  and  sub-mucous  inflammatory  swelling  is  the  cause  of  those 
ordinary  urethral  strictures  which  often  remain  from  gonorrhoea.  It  needs  hardly 
be  said  that,  with  rigid  organs,  there  may  be  interior  effusion  which  does  not  show 
itself  outwardly  ;  the  crown  of  a  tooth  does  not  swell  when  its  contained  pulp  is 
infiltrated,  nor  is  a  bone  mechanically  bulged  out  by  the  swelling  of  its  medullary 
membrane.  Likewise  it  is  obvious  that,  in  loose  textured  organs,  exterior  enlarge- 
ment will  be  preceded  by  a  certain  amount  of  solidification  of  the  texture ; — thus, 
the  state  of  a  lung  hepatised  by  pneumonia  (like  that,  already  mentioned,  of  the 
scarlatinal  kidney)  is  pathologically  equivalent  to  a  state  of  swelling. 

The  subject  of  swelling  as  a  symptom  of  inflammation  would  not  be  sufficiently 
discussed  unless  particular  consideration  were  given  to  the  '  effusion '  which  so  often 
is  its  main  ingredient.  Every  surgical  student  must  have  noticed  how  apt  is  an 
inflamed  part  to  be  more  than  commonly  juicy.  He  has  seen  synovial  and  serous 
sacs,  when  inflamed,  fill  themselves  with  pale  fluid.  He  has  seen  such  fluid  as  the 
contents  of  a  blister.  He  has  seen  it  as  the  main  element  of  swelling  in  parts  which 
become  ■  cedematous '  with  inflammation.  He  has  seen  it  drain  away,  after  haemor- 
rhage has  ceased,  from  the  cuts  or  punctures  made  into  inflamed  cellular  membrane — 
as,  for  instance,  in  erysipelas.  He  has  seen  the  dressings  of  a  stump,  within  the  first 
two  days  from  amputation,  soaked  through  and  through  with  the  same  sort  of 
drainage.  He  has  seen  an  inflamed  mucous  membrane — that  of  the  bowels  during 
cholera,  or  that  of  the  eyes  and  nose  during  common  cold  in  the  head — overflow  with 
the  same  liquidity  of  product.  And  even  among  the  ordinary  phenomena  of  suppu- 
ration (though  here,  it  may  seem,  there  are  more  complex  conditions  to  be  spoken 
of)  the  fact  of  fluid  discharge  stands  out  as  the  broad  characteristic. 

What,  then,  is  the  meaning  of  this  greater  juiciness  of  an  inflamed  part?  It  is 
an  exaggeration  of  that  natural  moistening  of  the  tissues  which  is  necessary  for  their 
nourishment  :  an  exaggeration  in  respect  of  quantity,  and  also  (if  the  phrase  may  be 
allowed)  an  exaggeration  in  respect  of  quality. 

The  fluid  which  naturally  sweats  through  the  wall  of  the  capillary  blood-vessels, 
and  ministers  to  the  nutrition  of  texture,  is  of  course1  in  some  chemical  correspond - 

1  This  is  inference,  not  observation.  For  the  natural  blastema  of  textures  cannot  be 
obtained  apart  from  them  in  quantity  which  admits  of  analysis,  and  our  means  of  judging 
what  it  is  are  founded,  partly  on  filtration-experiments  performed  under  various  circum- 
stances with  animal  membranes  and  serum,  and  partly  on  observation  of  cases  where  the 
natural  exudation  lias  become  more  abundant  under  influences  of  a  mechanical  kind.  Care- 
fully-selected instances  of  passive  dropsy,  arranged  in  a  series  according  to  the  amount  of 
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ence  with  the  liquor  sanguinis  from  which  it  emanates,  but  differs  from  the  parent 
fluid  in  containing  very  much  less  dissolved  matter.  For,  as  animal  membrane  is 
much  more  transudable  by  the  water  of  the  blood  than  by  its  salts,  and  more  transu- 
date by  its  salts  than  by  its  albumen,  the  quality  of  the  normal  transudation  is 
fixed  by  these  physical  conditions.  It  is  colour-less,  transparent,  alkaline,  and  of 
faintly-saltish  taste ;  it  contains  no  shaped  constituents ;  and  its  specific  gravity  is 
but  little  above  that  of  water.  In  cases  of  venous  obstruction,  where  transudation 
takes  place  under  more  than  normal  pressiire,  we  find  that  the  fluid,  besides  increas- 
ing in  quantity,  so  as  to  constitute  the  well-known  phenomenon  of  passive  dropsy, 
presents  certain  changes  of  quality  :  changes  which,  in  proportion  as  the  pressure  is 
great,  bring  it  nearer  and  nearer  to  the  characters  of  liquor  sanguinis.  It  gets  to 
contain  more  and  more  albumen  ;  it  even  furnishes  a  fibrinous  coagulum.  Still  it 
preserves  its  essential  character — that  of  containing  only  elements  of  the  liquor 
sanguinis,  and  containing  them  all  in  less  proportion  than  that  wherewith  they  are 
contained  in  the  blood.  But  in  extreme  cases  the  apparatus  of  transudation  becomes 
destroyed,  and  filtration  gives  place  to  haemorrhage.1 

The  so-called  '  effusions '  of  inflammation — whether  they  be  serous  or  purulent, 
whether  they  come  from  shut  sacs  or  from  blisters,  or  from  cedematous  cellular 
membrane,  or  from  abscesses,  present  the  characteristics  of  a  blastema  which  has 
transuded  under  more  than  normal  pressure,  or  with  less  than  normal  resistance. 
Their  specific  gravity  is  high  :  their  proportion  of  albumen  is  great ;  and,  where 
they  are  not  purulent,  they  commonly  give  a  fibrinous  coagulum.  Often,  too,  they 
contain  evidence  that  capillary  blood-vessels  have  given  way, — products  of  haemor- 
rhage being  mixed,  in  greater  or  less  quantity,  with  the  products  of  increased 
exudation. 

[Yet  although  the  mere  physical  pressure  on  the  contents  of  the  vessels,  and  the 
mere  physical  properties  of  their  walls,  determine  to  a  great  extent  the  quantity  and 
quality  of  the  transuding  fluid,  it  would  be  an  error  to  regard  this  as  an  explanation 
of  the  whole  phenomenon.  A  reference  to  the  section  on  Pathology  will  abundantly 
show  that  the  wall  of  the  capillary  vessel  has  vital  properties  of  its  own,  and  that 
in  inflammation  it  allows  of  a  transudation  both  of  the  red  and  white  corpuscles,  but 
especially  of  the  latter,  to  a  degree  very  different  from  anything  which  can  be 
imagined  to  take  place  in  health. — T.  H.] 

But  there  are  two  essential  characteristics  of  inflammatory  effusion, — character- 
istics which  absolutely  distinguish  this  effusion  from  that  of  obstructional  dropsies, — 
characteristics  which  cannot  be  due  to  any  mechanical  influence.  In  the  first  place, 
the  inflammatory  effusion  tends  to  contain  certain  ingredients  in  larger  proportion 
than  that  in  which  they  exist  in  the  blood.  In  the  second  place,  the  inflammatory 
effusion  teems  with  organic  forms. 

The  great  chemical  characteristic  of  inflammatory  effusions  is  their  excess  of 
chloride  of  sodium  and  of  phosphates.  Pus  (says  Prof.  Lehmann)  contains  three 
times  as  much  chloride  of  sodium  as  the  serum  of  the  blood;  and  during  pneumonia 
(as  Dr.  Beale2  has  shown)  the  lung  is  so  disproportionately  loaded  with  this  salt, 
that  the  urine  is  entirely  deprived  of  it ;  while  as  regards  the  phosphates,  Prof. 
Lehmann  states  that  even  the  thin  bloodless  weeping  of  wounds  furnishes  a  fluid 
more  highly  phosphatised  than  the  liquor  sanguinis.  And  the  value  of  these  facts, 
in  reference  to  our  present  subject,  may  be  inferred  from  a  knowledge  of  the  circum- 
stances under  which,  apart  from  inflammation,  these  ingredients  generally  abound. 
'  Everywhere,  even  in  the  lowest  forms  of  life,  where  the  organism  is  poor  in  such 
salts,  everywhere  (says  Prof.  Lehmann)  where  cells  and  fibres  grow,  the  phosphates 
sensibly  accumulate.     And  from  the  most  vitalised  textures — from  muscle,  for 

pressure  under  which  (cat.  par.)  the  fluid  has  been  effused,  are  the  safest  indications 
towards  what,  at  present,  can  only  he  an  approximation  to  knowledge  of  the  normal 
transudation  of  the  blood.  Lehmann  (perhaps  not  wisely)  lets  much  of  his  doctrine  rest 
on  the  qualities  of  the  cerehro-spinal  fluid,  the  liquor  amnii,  and  the  aqueous  humour — 
fluids  which,  though  they  fulfil  merely  mechanical  uses,  are  not  of  identical  composition. 

1  See  Dr.  Robinson's  experiments  on  the  effects  of  obstructing  the  renal  circulation, 
Med.-Chir.  Trans,  vol.  xxvi.  8  Ibid.  vol.  xxxv. 
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instance,  where  material  is  most  actively  renewed — the  blood  returns  greatly  more 
dephosphatised  than  that  which  returns  from  less  active  organs.'  So  with  the  other 
preponderant  salt : — '  for,  (says  Dr.  Beale)  from  the  analyses  of  various  observers,  it 
appeal's  that  a  large  quantity  of  chloride  of  sodium  is  present  whenever  the  meta- 
morphosis of  tissues  depending  upon  cell-development  is  going  on.' 

In  accordance  with  these  chemical  characteristics  is  the  microscopical  one  which 
has  been  mentioned,  that  inflammatory  effusions  abound  with  living  organic  forms. 
Not  indeed  all  such  effusions  equally  : — for,  on  the  one  hand,  pus  is  so  densely  cor- 
pusculated  that  it  seems  under  the  microscope  to  consist  of  little  but  cells,  and  has  on 
this  account  sometimes  been  figuratively  spoken  of  as  mere  '  unsolid  texture  : '  while, 
on  the  other  hand,  in  many  non-purulent  effusions,  the  water  so  greatly  preponderates 
that  cells  are  scarcely  seen  unless  searched  for.  But  whether  more  or  less  abundant, 
universally,  where  there  is  inflammatory  effusion,  characteristic  cells  are  to  be  found 
— cells  of  which  the  pus-cell  is  the  type.  The  typical  form  of  this  cell,  when  dead,  is 
a  globule  of  about  of  an  inch  in  diameter,  pellucid,  consisting  of  some  semi- 

fluid albuminous  matter,  and  possessing  a  compound  or  simple  nucleus,  which  is  best 
seen  when  the  microscopical  specimen  is  slowly  acted  on  by  water,  or  very  diluted 
acetic  acid. 

When  living,  these  cells  display  the  various  forms  and  amoeboid  movements  which 
were  first  pointed  out  by  Von  Recklinghausen  ('  Virchow's  Archiv,'  1863)  and  which 
will  be  found  described  in  Dr.  Burdon  Sanderson's  essay. 

These,  then,  generally  are  the  changes  which  characterise  the  blastema  of  an  in- 
flamed part : — 1 )  it  is  in  most  cases  demonstrably,  in  other  cases  presumably, 
increased  in  quantity ;  2)  it  contains  far  more  solid  matter,  both  albuminous  and 
saline,  than  is  normal  to  it ;  and  besides  presenting  these  features,  which  may  to 
some  extent  be  attributed  to  mechanical  influences,  it  3)  gives  evidence,  by  the 
chemical  and  microscopical  characters  which  have  last  been  described,  that  specific 
chemical  affinities  are  exerted  in  the  part ;  and  4)  it  abounds  in  living  organic 
forms. 

Different  inflammatory  effusions  have,  however,  their  special  differences.  In 
some  there  is  a  great  yield  of  fibrin  :  it  is  distinctive,  for  instance,  of  the  exudation 
in  diphtheria  that,  by  virtue  of  this  quality,  it  converts  the  epithelia  of  the  affected 
surface  into  that  firm  false-membrane  from  which  the  disease  derives  its  name ; 
while  in  some  other  effusions  (and  this,  generally  speaking,  is  characteristic  of  well- 
formed  pus)  there  is  no  attempt  even  atjjartial  coagulation.  And  primary  differences 
of  fluidity  are  noticeable ;  compare,  for  instance,  the  products  of  pleurisy  or  cholera 
with  those  of  ostitis  or  muscular  rheumatism.  Moreover,  there  are  differences  (not 
strictly  belonging  to  the  present  section  of  the  subject)  due  to  the  degree  in  which 
the  detritus  of  dead  and  disintegrating  tissue  mingles  itself  with  the  inflammatory 
effusion.  And,  not  least,  there  are  differences  due  to  the  different  degrees  in  which 
the  effusion  itself  may  have  undergone  degenerative  changes  ; — for  the  products  of 
inflammation,  shaped  and  unshaped,  cellular  and  fibrinous,  are  apt  to  degenerate 
by  the  same  sort  of  process  as  belongs  to  the  decay  of  other  albuminous  material ; 
and  in  proportion  as  these  degenerations  occur,  the  original  characters  of  the  effusion 
give  jdace  to  others,  among  which  may  particularly  be  mentioned  the  presence  of  oil 
or  cholesterine,  and  eventually  of  earthy  concretions. 

That  Pain  is  a  common  symptom  of  inflammation  scarcely  needs  be  said  or 
explained.  Nerves  would  be  of  little  use  to  the  body,  if  they  could  remain  un- 
agitated  during  a  process  which  essentially  involves  an  unnatural  destruction  of 
living  tissue.  Whenever  any  bit  of  the  body  sloughs,  ulcerates  or  softens,  every 
included  nerve-fibril  must  share  in  the  common  disorganisation ;  and  it  seems  pro- 
bable 1  that,  even  in  less  destructive  inflammation,  the  involved  nerve-fibrils  undergo 
such  an  amount  of  structural  change  as  fully  to  account  for  pain  being  experienced 
by  the  patient.    But  different  inflammations  cause  widely  different  amounts  of  pain ; 

1  See  Lent,  Zeitsehrift  fiir  wissenschaftliche  Zoologie,  vol.  vii. 
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and  there  are  cases,  even  of  very  considerable  inflammation,  where  pain  is  almost 
absent.    These  differences  of  the  symptom  require  some  consideration. 

Disorganisation  of  nerve-supplied  tissue,  and  stretching  or  compression  of  nerve- 
fibrils,  are  the  two  great  occasions  of  inflammatory  pain.  On  both  accounts,  pain 
proportions  itself  rather  to  the  intensity  than  to  the  extent  of  an  inflammation ;  and 
the  most  agonising  of  all  inflammations  are  those  (sometimes  of  very  small  extent) 
where  the  focus  of  inflammation  is  so  girt  round  by  unyielding  tissue,  bone  or  fascia, 
that  ever  so  little  inflammatory  swelling  becomes  a  tight  compression  of  nerve.  As 
instances  of  this,  it  is  enough  to  cite  the  extreme  pain  which  attends  inflammation  of 
the  tooth-pulp  or  of  the  tympanum,  or  generally  the  great  pain  which  attends  inflam- 
mation of  bone. 

Comparatively  painless  inflammations  are  chiefly  the  superficial  desquamative 
inflammations  of  membranes  :  in  cholera,  for  instance,  the  epithelium  of  the  intestine 
strips  itself  off  almost  without  pain  ;  and  in  some  kinds  of  peritonitis,  pleurisy,  and 
pericarditis,  the  serous  membrane  desquamates,  amid  a  vast  exudation  from  the 
liquor  sanguinis,  with  almost  no  pain,  and  but  very  slight  tenderness.  The  chief 
governing  condition  of  these  apparent  exceptions  is,  it  seems,  generally,  that  the  in- 
flammation, measured  at  any  one  spot,  is  not  intense,  and  does  not  much  affect  the 
nerve-containing  depths  of  the  texture.  Moreover  the  cases  of  serous  inflammation 
where  there  is  no  pain  are  eminently  cases  where  the  inflammation  arises  in  con- 
ditions not  primarily  of  a  simply  irritant  kind — cases  especially,  where  (as  in  puer- 
peral fever)  morbid  poisons  are  operating  on  the  part ;  and  j'robably  the  magnitude 
of  the  local  product,  as  compared  with  the  local  pain,  expresses  that  the  product  is 
less  due  to  mere  intensity  of  the  local  process  than  to  some  changed  state  of  the  mass 
of  blood,  some  state  which  enables  a  maximum  of  exudation  to  take  place  with  a 
minimum  of  textural  excitement. 

As  inflamed  parts  are  not  all  painful  in  the  same  degree,  neither  are  they  all 
painful  in  the  same  sort.  Indeed  the  quality  of  pain  differs  almost  as  much  as  the 
amount.  In  those  phlegmonoid  and  tight-bound  inflammations  where  pain  is  most 
intense,  it  especially  tends  to  be  pulsatile  or  throbbing ;  for  every  beat  of  the  heart 
increases  that  local  tension  which  is  the  immediate  cause  of  suffering.  A  sense  of 
extreme  local  compression — a  feeling  of  being  screwed  in  a  vice,  is  often  complained 
of  under  these  circumstances.  In  surface-inflammations,  the  more  diffused  pain  is 
apt  to  simulate  the  impression  of  fire,  or,  if  less,  that  of  nettles  or  needles ;  and  the 
suffering  part  is  said  to  prick,  or  tingle  or  burn.  Where  ulceration  is  in  progress, 
the  patient's  feelings  almost  represent  the  tact ;  for  he  describes  his  pain  to  be  that 
of  '  something  gnawing '  at  the  part. 

It  is  not  only  by  being  painful  that  an  inflamed  part  gives  evidence  of  disordered 
nerve-action.  Over-sensitiveness  to  exterior  impressions  is  other  evidence  to  the 
same  effect ;  and  this,  sometimes  in  the  form  of  tenderness  on  contact  or  pressure, 
sometimes  in  forms  special  to  the  affected  oigan,  always  accompanies  pain  if  the  pain 
be  due  to  inflammation.  The  fact  of  its  presence  or  absence  is  therefore  very  im- 
portant, when  we  would  interpret  the  meaning  of  any  given  pain.  And  further, 
since  tenderness  often  exists  in  cases  of  inflammation  where  pain  is  unmarked  or 
absent,  it  is  a  sign  which,  in  difficulties  of  diagnosis,  ought  always  specially  to  be 
looked  for.  Indeed  there  are  many  occasions  in  practice,  where  the  principal 
business  of  the  clinical  investigator  is  thoroughly  to  ascertain  the  existence  and  the 
limits  of  this  one  symptom  ;  and  the  surgeon  can  hardly  exercise  too  much  cai'e, 
when  conducting  this  part  of  an  examination,  to  exclude  all  sources  of  fallacy  which 
depend  either  on  himself  or  on  the  pa,tient. 

Where  mucous  membranes  are  inflamed,  their  increased  sensibility  often  shows 
itself  by  producing  increased  reflex-motory  phenomena.  And  the  muscular  actions 
which  thus  result  become  indirectly  symptomatic  of  inflammation  ;  for  they  testify 
that  the  nervous  centres  which  regulate  them  have  received  from  the  mucous  surface 
certain  exaggerated  representations  of  contact.  Thus  it  is  that  common  catarrh 
produces  cough,  that  bronchitis  and  asthma  become  associated,  that  inflammation  of 
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the  .stomach  is  attended  by  vomiting,  and  that  dating  the  slight  cystitis  of  severe 
gonorrhoea  the  patient's  urine  is  often  squirted  into  his  breeches. 

Where  organs  of  special  sense  are  inflamed,  special  sensations  are  experienced. 
The  patient  with  deep-Beaching  inflammation  of  the  eye  seems  to  see  sparks  or  flashes 
of  light ;  the  patient  with  post-faucial  catarrh  gets  a  sense  of  bitterness  in  his 
throat ;  the  patient  with  inflammation  of  the  internal  ear  has  an  impression  of 
unreal  sounds.  Such  signs,  where  they  exist,  are  of  course  pathologically  equivalent 
to  pain.  But  as  there  are  these  special  analogues  of  pain,  !-'0  there  are  special 
analogues  of  tenderness;  witness  the  intolerance  of  light  which  attends  many 
ophthalmic  inflammations,  and  which  is  as  much  a  fact  of  over-sensitiveness  as  if  the 
eye  were  painful  on  pressure. 

It  remains  to  be  mentioned  that  pain,  as  a  symptom  of  inflammation,  is  often 
referred  to  a  larger  extent  of  tissue  than  is  actually  inflamed,  and  sometimes  to  parts 
not  directly  continuous  with  the  inflamed  one.  The  pain  of  a  whitlow,  at  first  con- 
fined to  the  immediate  vicinity  of  the  nail,  where  alone  the  inflammation  exists,  may 
presently  include  the  finger,  then  the  rest  of  the  hand,  then  the  forearm,  and  finally 
may  give  uneasiness  to  the  whole  extremity  as  high  as  the  shoulder.  The  pain  of 
ophthalmic  tension  is  in  great  part  referred  to  the  brow.  The  pain  of  hip-disease  is 
often  chiefly,  or  even  entirely,  referred  to  the  knee.  Out  of  the  pain  of  common 
toothache,  semifacial,  semicranial,  even  semicervical,  pain  may  develop  itself.  In- 
flammation of  the  liver  commonly  produces  pain  in  the  light  shoulder;  the  pain  of 
renal  inflammation  is  more  or  less  referred  to  the  bladder  :  and  inflammations  of  the 
pelvic  viscera  cause  pain  to  be  felt  in  the  thigh. 

IIc«,t. — It  has  long  been  matter  of  common  observation  that  an  inflamed  exterior 
part  is  hotter  than  natural.  And  this  increased  heat,  where  it  exists,  is  accepted  for 
a  sign  of  inflammation  as  much  as  either  pain,  redness,  or  swelling.  But  hitherto 
the  meaning  of  the  symptom  has  been  much  disputed  among  pathologists. 

By  some  it  has  been  believed,  chiefly  on  the  strength  of  Hunter's  experiments, 
that  an  inflamed  part  is  passive  in  the  alleged  change  of  temperature ;  that  nothing 
more  can  take  place  in  it  than  a  raising  of  its  temperature  to  that  of  the  blood  which 
sujjplies  it ;  that,  if  an  exterior  part  gets  warmer  when  inflamed,  this  is  simply 
because  it  is  fuller'  of  blood  ;  and  that  interior  parts  (since  their  temperature  natur- 
ally equals  that  of  aortic  blood)  cannot  be  made  warmer  by  inflammation. 

Hunter's  experiments  were  such  as  the  following  : — 

'  A  man  had  an  operation  for  the  radical  cure  of  the  hydrocele  performed  at  St. 
George's  Hospital.  When  I  opened  the  tunica  vaginalis  I  immediately  introduced 
the  ball  of  the  thermometer  into  it,  and  close  by  the  side  of  the  testicle.  The 
mercury  rose  exactly  to  92°.  The  cavity  was  filled  with  lint,  dipped  in  salve,  that 
it  might  be  taken  out  at  will.  The  next  day,  when  inflammation  was  come  on,  the 
dressings  were  taken  out,  and  the  ball  of  the  thermometer  introduced  as  before,  when 
it  arose  to  98|°  exactly.  Here  was  an  increase  of  heat  of  6|°  ;  but  even  this  was 
not  equal  to  that  of  the  blood,  probably,  at  the  source  of  the  circulation  in  the  same 
man.  This  experiment  I  have  repeated  more  than  once,  and  with  nearly  the  same 
event.  As  the  human  subject  cannot  always  furnish  us  with  opportunities  of  ascer- 
taining the  fact,  and  it  is  often  impossible  to  make  experiments  when  proper  cases 
occur,  I  was  led  to  make  such  experiments  on  animals  as  appeared  to  me  proper  for 
determining  the  fact ;  but  in  none  of  them  could  I  ever  increase  the  inflammatory 
heat  so  as  to  make  it  equal  to  the  natural  heat  of  the  blood  at  its  source.  1  made  an 
incision  into  the  thorax  of  a  dog ;  the  wound  was  made  about  the  centi-e  of  the  right 
side,  and  the  thermometer  pushed  down,  so  as  to  come  in  contact,  or  nearly  so,  with 
the  diaphragm.  The  degree  of  heat  was  101°  ;  a  large  dossil  of  lint  was  put  into  the 
wound  to  prevent  its  healing  by  the  first  intention,  and  covered  over  by  a  sticking- 
plaster.  The  dog  was  affected  with  a  shivering.  The  day  following  the  lint  was 
extracted,  and  the  thermometer  again  introduced  ;  the  degree  of  heat  appeared  exactly 
the  same,  viz.  101°.'  1 

1  Hunter's  Works,  ed.  1837,  vol.  iii.  pp.  338-9. 
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Other  pathologists  have  held  an  opinion  different  from  Hunter's.  Partly  on 
theoretical  grounds,  and  partly  on  the  strength  of  some  experiments  1  performed  in 
1835  by  Messrs.  Becquerel  and  Breschet,  they  have  supposed  that  an  inflamed  part 
is  actively  calorific ;  that  it  is,  or  tends  to  be,  warmer  than  the  blood  which  supplies 
it ;  and  that  this  excess  of  heat  is  as  much  an  effect  of  local  action  as  the  formation 
of  pus,  or  the  softening  of  spoilt  tissue. 

The  French  experimenters  (using  a  thermo-electric  apparatus  with  some  arrange- 
ments devised  for  them  by  M.  Sorel)  attempted  to  take  the  absolute  temperatures  of 
certain  skin-covered  parts  by  needles  thrust  through  the  integument.  The  tempera- 
ture of  the  biceps  flexor  cubiti  was  commonly  thus  taken,  as  a  standard  of  internal 
temperatures ;  and  the  temperature  was  also  measixred  in  the  mouth.  In  a 
scrofulous  girl,  suffering  from  marked  feverishness,  the  temperatures  thus  taken 
were : — in  the  mouth,  C.  37°-50 ;  in  the  biceps,  37°-25  ;  in  an  inflamed  scrofulous 
tumour  at  the  lower  part  of  the  neck,  40°  ;  in  a  fungating  tumour  of  the  cellular 
membrane,  also  40°.  In  a  woman,  set.  thirty,  having  a  similar  disease  : — mouth, 
36°-75  ;  biceps,  37°  ;  tumour,  37o-50  :  adjacent  cellular  membrane,  35°.  In  a  case 
of  cancel'  of  the  breast : — mouth,  biceps,  tumour  and  certain  fungations  which  were 
there,  all  36o-60.  In  a  young  man  with  scrofulous  caries  of  tarsus  : — mouth,  36o-50 ; 
biceps,  37o-50;  wound  (the  needle  going  through  the  plantar  fascia)  32°.  In  a  case 
of  typhoid  fever  with  bronchitis  : — mouth,  39°-65 ;  biceps,  38°-80.  I  may  observe 
in  passing  that  these  observations  seem  in  various  respects  to  contradict  one  another, 
and  that,  even  on  the  assumption  of  their  having  been  faultlessly  made,  no  definite 
conclusion  can  be  drawn  from  them. 

With  reference  to  Hunter's  view  of  the  case,  it  may  be  fully  conceded  (putting 
inflammation  out  of  the  question)  that  any  exterior  part  does  get  warmer  in  propor- 
tion as  it  is  more  copiously  traversed  by  blood  ;  witness  M.  Bernard's  discovery,  that 
considerable  permanent  increase  of  temperature  takes  place,  without  inflammation, 
in  the  integument  of  the  head,  whenever  an  experimental  division  of  the  cervical 
sympathetic  has  reduced  the  external  carotid  artery  and  its  branches  to  a  state  of 
paralytic  dilatation  which  occasions  the  textures  supplied  by  them  to  be  habitually 
ovei'dcsed  with  arterial  blood.  Accordingly,  if  Hunter's  experiments  were  conclusive 
as  to  the  fact  of  a.n  inflamed  part  not  being  hotter  than  the  blood  which  it  receives, 
the  explanations  founded  on  those  experiments  might  be  satisfactory.  On  the  other 
hand,  if  an  inflamed  part  be,  as  Messrs.  Becquerel  and  Breschet  are  supposed  in  some 
cases  to  have  found,  considerably  hotter  than  internal  organs  of  the  body  (which  in 
effect  would  mean  considerably  hotter  than  the  blood  which  it  receives),  then,  we 
need  hardly  say,  Hunter's  explanation  would  be  valueless. 

Everything  therefore  turns  on  facts  of  comparative  thermometry.  And  the 
solution  is  not  easily  to  be  obtained.  Eor  to  learn  by  experiment,  either  generally 
whether  textures  are  hotter  than  the  blood  which  supplies  them,  or  specially  whether 
inflamed  textures  are  paramount  sources  of  heat,  is  a  matter  of  infinite  nicety.  The 
passage  of  blood  through  a  part  incessantly  tends  to  equalise  its  temperature  with 
that  of  other  organs ;  and  unless  the  local  production  of  heat  were  really  great,  all 
traces  of  difference  would  be  thus  swept  away  in  successive  waves  of  the  circulation. 
Therefore  not  only  is  it  the  case  that  the  finest  differences  of  temperature  have  to  be 
accurately  observed,  but  every  alleged  great  excess  of  local  temperature  must  at  first 
be  accepted  with  mistrust.  It  is  not  too  much  to  affirm,  that  the  opposed  sets  of 
experiments  hitherto  referred  to  are  entirely  inconclusive  on  the  subject.  In  neither 
one  set  nor  the  other  was  there  any  attempt  to  deal  with  what  would  now  be  recog- 
nised as  the  difficulties  of  the  inquiry.  Hunter's  observations  were,  in  this  instance, 
evidently  coarse  and  imperfect ;  the  rival  thermo-electric  observations,  though 
purporting  to  be  more  exact  than  his,  are  perhaps  even  less  trustworthy  ;  2  and  the 

1  Comptes  rendus  de  VAcad.  d.  Sc.  torn,  i.,  or  Ann.  d.  Sc.  Nat. 

2  In  the  judgment  of  perhaps  the  first  biophysicists  of  Europe,  Helmholtz  and  Ludwig, 
the  experiments  of  Becquerel  and  Breschet  are  of  little  value.  Helmholtz  (Midler's  Archiv, 
1848,  p.  145)  speaks  of  them  as  observations  'gegen  deren  Richtigkeit  viele  Eimvurfe 
erhoben  werden  .konnen ; '  and  Ludwig  (Physioloyie,  edit.  1858,  vol.  i.  p.  468)  refers  to  the 
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alternative  therefore  still  lies  before  us  for  decision, — 1  Is  heat  a  symptom  of  inflam- 
mation only  in  external  parts,  and  only  as  a  passive  result  of  their  over-fulness  with 
blood1?  or  is  the  inflamed  part  actively  productive  of  heat? ' 

For  settling  this  uncertainty,  the  writer  believes  that  some  thermo-electric 
observations  which  he,  with  the  valuable  aid  of  his  colleague  Dr.  Edmund  Mont- 
gomery,1 made  in  the  subject,  may  be  deemed  practically  conclusive.  And  on  the 
evidence  of  these  experiments,  he  now  ventures  to  say  that  an  inflamed  part  is  no 
mere  passive  recipient  of  heat,  but  is  itself  actively  calorific. 

A  miniature  thermo-electric  battery  was  made  by  the  angular  contact  of  platinum  and 
iron  ;  each  in  a  single  delicate  bar,  which,  where  soldered  to  the  other,  was  brought  to  such 
sharpness  that  the  end  of  the  metallic  commissure  could  be  thrust,  like  a  pin,  into  any  soft 
animal  texture.  Two  such  thermo-electric  pins  or  batteries,  connected  by  copper  wires  with 
one  another  and  with  a  sensitive  nearly  astatic  galvanometer,  were  used  as  means  for  com- 
paring the  relative  temperatures  of  media  with  which  they  respectively  were  brought  into 
contact,  and  were  found  quite  sufficient  for  the  purpose;  for  when  one  of  them  was  made 
ever  so  little  warmer  than  the  other,  the  fact  was  instantly  indicated  by  a  corresponding 
movement  of  the  galvanometric  needle.  With  this  preface,  the  annexed  tabular  statement 
of  experiments  will  sufficiently  explain  itself.  (See  opposite  page.)  A  preliminary  experi- 
ment, corresponding  to  those  numbered  1,  7,  and  9  in  the  table,  was  performed  May  21, 1860, 
and  showed  (as  in  Nos.  1,  7,  and  9)  the  higher  temperature  of  blood  returning  from  an  in- 
flamed part.  The  experiments  here  described  were  all  performed  May  24.  It  will  be 
observed  that  only  relative  temperature  is  measured ;  but  also  it  is  only  with  relative  tem- 
perature that  the  argument  at  present  is  concerned  ;  and  it  would  have  been  no  easy  task, 
with  existing  thermometric  appliances,  to  obtain  the  absolute  temperatures  for  comparison,  or 
even  to  translate  the  present  comparisons  into  exact  numerical  expressions. 

The  conclusions  which  these  experiments  justify  are  as  follows  : — first  (Exp.  3,  5, 
8,  11),  that  the  arterial  blood  supplied  to  an  inflamed  limb  is  less  warm  than  the 
focus  of  inflammation  itself;  secondly  (Exp.  2,  4,  10),  that  the  venous  blood  return- 
ing from  an  inflamed  limb,  though  (Exp.  6)  less  warm  than  the  focus  of  inflamma- 
tion, is  warmer  than  the  arterial  blood  supplied  to  the  limb  ;  and,  thirdly  (Exp.  1,  7, 
9),  that  the  venous  blood  returning  from  an  inflamed  limb  is  warmer  than  the 
corresponding  current  on  the  opposite  side  of  the  body. 

Unquestionably,  therefore,  the  inflammatory  process  involves  a,  local  production 
of  heat.  Doubtless  it  is  an  essential  connection,  and  according  to  what  seems  the 
general  and  normal  correlation  of  heat  and  life,  that  an  increased  evolution  of  heat 
accompanies  the  increased  vital  effort,  the  increased  textural  changes,  of  inflammation. 
And  let  it  also  be  noted,  as  a  fact  of  which  the  importance  will  presently  appear, 
that  an  inflaming  part,  in  proportion  to  its  heated  venous  outflow,  necessarily  raises 
the  temperature  of  the  common  mass  of  circulating  blood;  that  thus  the  local  dis- 
order represents  an  influence  which  tends  to  diffusion  throughout  the  body. 

Reviewing,  then,  the  four  classical  symptoms — pain,  redness,  heat,  and  swelling 
— we  find  that  in  every  examinable  case  of  inflammation,  they,  or  signs  equivalent 
to  them,  may  be  locally  discovered  : — -if  not  always  pain,  at  least  always  increased 
sensibility',  if  not  always  redness  of  the  inflamed  part,  at  least  always  increased 
afflux  of  blood  towards  it ;  if  not  always  swelling,  at  least  always  increased  quantity 
of  matter  ;  and  finally,  under  all  circumstances,  increased  heat. 

Other  local  symptoms  may  be  added  to  these.  For,  first,  something  complicative 
may  come  to  them  by  mere  accident  of  position.  Where  the  walls  of  a  visceral 
cavity  are  affected,  the  contained  organs,  originally  free  from  disease,  may  be 
injuriously  pressed  upon  or  denuded.  Where  the  neighbourhood  of  a  canal  is 
inflamed,  the  canal  may  be  encroached  upon  by  swelling.  Where  large  blood-vessels 
are  concerned,  ulceration  may  be  dangerous  by  haemorrhage.    And  so  forth. 

And  further,  an  inflamed  part  often  gives  rise  to  special  symptoms  of  its  own ; 
for  its  function  is  interfered  with  by  the  disease,  and  signs  of  this  functional  dis- 
turbance are  added  to  the  common  symptoms  of  inflammation.  Thus,  if  the  kidneys 
bo  inflamed,  the  urine  will  be  altered  in  quality,  will  more  or  less  tend  to  represent 

method  of  investigation  as  being  '  mit  zu  vielen  Fehlern  behaftet,  als  dass  die  durch  sie 
gewonnenen  Resultate  werthvoll  wiiren." 

1  The  entire  merit  of  the  apparatus  described  in  the  text  belongs  to  Dr.  Edmund  Mont- 
gomery, who  devised  and  arranged  it  for  the  writer. 
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TABLE  SHOWING  COMPARATIVE  TEMPERATURES  OF  INFLAMED 
AND  UNINFLAMED  PARTS. 


Subject  of  observation , 
and  nature  ami  date  of 

injury  which  had 
caused  inflammation. 

Places  of  insertion  of  the  thermo-electric-pins. 

Deflexion  of 
needle,  indica- 
ting the  side  of 
higher  tempe- 
rature. 

No.  for  referenoe 

Pin  connected  wit]  i  the 
western  half  of  the 
galvano-multiplier. 

Pin  connected  with  the 
eastern  half  of  the 
galvano-multiplier. 

A  dog  with  severe 
compound  fracture 
of  the  right  leg,  in- 
flicted about  72  hours 
previously ;  since 
when  his  general 
temperature  had 
risen  from  38-2  to 
39  5  C. 

in  femoral  vein  of 
inflamed  liiub 

in  opposite  femoral 
vein 

Westward 

1 

in  femoral  vein  of 
inflamed  limb 

in  opposite  femoral 
artery 

Westward 

2 

in  femoral  artery  of 
inflamed  limb 

in  inflamed  part 

Eastward 

3 

A  second  dog  with 
severe  compound 
fracture  of  the  right 
leg,  inflicted  about 
48  hours  previously; 
since  when  his  gene- 
ral temperature  had 
risen  from  38-1  to 
39-3  C. 

in  femoral  artery  of 
inflamed  limb 

in  femoral  vein  of 
inflamed  limb 

Eastward 

i 

Hi  lfcJLLLUl  til  tiltH^y  UJL 

inflamed  limb 

in  inflamed  part 

Eastward 

5 

in  femoral  vein  of 
inflamed  limb 

111  I  ii  M^rim  I   Uftl  0 

Eastward 

6 

in  femoral  vein  of 
inflamed  limb 

in  opposite  femoral 
vein 

Westward 

7 

in  abdominal  aorta 

in  inflamed  part 

Eastward 

8 

A  third  dog  with 
severe  compound 
fracture  of  left  leg, 
inflicted  about  19 
hours  previously ; 
since  when  his  gene- 
ral temperature  had 
risen  from  37-6  to 
38'9  C. 

in  femoral  vein  of 
healthy  (right)  limb 

in  femoral  vein  of  in- 
flamed (left)  limb 

Eastward 

9 

in  femoral  artery  of 
healthj  (right)  limb 

in  femoral  vein  of  in- 
flamed (left)  limb 

Eastward 

10 

in  inflamed  part 

in  femoral  artery  of 
inflamed  limb 

Westward 

11 

For  Standard 

untouched  in  atmo- 
sphere of  room 

between  finger  and 
thumb  of  experimenter 

Eastward 

12 

between  finger  and 
thumb  of  experimenter 

untouched  in  atmo- 
sphere of  room 

Westward 

a  mere  filtration  from  the  blood,  or  perhaps  will  be  entirely  suppressed;  and, 
secondarily,  there  will  arise  the  consequences  of  that  general  blood-poisoning  which 
ensues  whenever  urine  is  imperfectly  discharged  from  the  system.  Thus  again,  if 
the  lungs  be  extensively  inflamed,  due  aeration  of  the  blood  becomes  impossible  ; 
and,  while  the  patient  is  tending  to  die  by  suffocation,  chemical  analysis  may  show 
that  waste  carbon  which  his  lungs  cannot  oxidise  and  discharge  is  passing  by  other 
channels  from  the  body.1  In  these,  and  in  almost  all  cases  of  inflammation,  the 
nature  of  the  functional  disturbance  is,  that  the  function  is  more  or  less  suppressed. 
To  some  extent  this  comes  mechanically,  and  is,  so  to  speak,  an  accidental  complica- 
tion of  inflammatory  swelling  in  the  part.  But  greatly  also,  at  least  in  most  cases, 
it  has  to  do  with  another  influence,  and  implies  for  function  what  disorganisation 

1  See  Beale,  op.  cit.  p.  354:  where  an  instance  is  given  of  melituria  thus  dependent  on 
pneumonia. 
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implies  for  structure — Death.  And  just  as,  amid  the  structural  disorganisation  of 
inflamed  parts,  we  recognise  traces  of  mere  hypertrophy  wherewith  the  process  (if 
gradual)  commenced  ;  similarly,  were  our  knowledge  of  function  more  complete,  we 
should  probably  find  that,  so  far  as  functional  disturbance  in  inflammation  is  not  of 
mechanical  origin,  thus  far  it  also  begins  with  mere  over-performance  of  natural  acts, 
and  thus  far  the  eventual  suppression  of  function  denotes  exhaustion  subsequent  to 
excitement.  It  is  only  with  respect  to  the  nervous  system  that  observation  can  here 
be  appealed  to ;  but  the  relations  of  cramp  to  paralysis,  of  delirium  to  coma,  and  of 
madness  to  dementia,  may  be  quoted  as  of  the  kind  in  question. 

It  remains  to  be  stated  that  inflammation  has,  besides  its  local  symptoms, 
another  essential  characteristic.  In  proportion  as  any  considerable  part  of  the  body 
becomes  acutely  inflamed,  the  patient's  blood  (if  not  affected  by  perturbing  causes) 
invariably  rises  in  temperature,  and  herewith  the  patient  complains  of  what  is 
commonly  called  Feverisltness.  Taking,  for  instance,  a  case  of  severe  compound 
fracture,  without  much  haemorrhage,  in  a  person  otherwise  sound  and  strong,  we 
find  that,  before  twenty-four  hours  have  elapsed  from  the  time  of  injury,  his  general 
system  begins  to  be  thus  affected.  He  feels  hot,  or  alternately  very  hot  and  chilly. 
His  skin  and  lips  and  mouth  are  dry.  He  passes  urine  in  less  quantity,  but  of 
higher  colour,  than  usual.  His  pulse  is  quickened.  A  sense  of  general  disorder 
gains  upon  him.  He  becomes  restless  and  intolerant  of  disturbance.  Signs  of 
drought  increase  with  him.  His  urine  becomes  scantier  and  more  coloured.  His 
skin  feels  hotter  to  the  surgeon's  hand,  and  his  pulse,  whether  full  or  hard,  is 
quicker  and  stronger  than  before.  He  craves  more  and  more  for  water.  His  face 
has  a  flushed  anxious  look.  He  is  thoroughly  uncomfortable ;  for  the  most  part  feeling 
distressingly  hot,  but  at  irregular  intervals  feeling  touches  of  chilliness- — sometimes 
even  of  such  cold  that  he  shivers  with  it.  His  sleep  is  troubled  and  unrefreshing ; 
or,  as  night  comes,  he  gets  delirious.  His  tongue,  besides  being  dry,  is  furred.  If 
his  bowels  act  (which  commonly  they  are  inapt  to  do  without  laxatives)  the  excretions 
are  morbidly  offensive.  Gradually  these  symptoms  give  way  :  in  proportion  as  the 
injured  limb  ceases  to  be  tense,  and  passes  into  suppuration,  the  skin  and  mouth  be- 
come moist  again  ;  the  excretions  lose  their  concentrated  character ;  the  hard  pulse 
softens,  and  the  heart's  action  becomes  quiet ;  the  nervous  system  is  no  longer  rest- 
less ;  the  look  of  trouble  passes  from  the  countenance ;  and  the  patient  can  again 
take  solid  food. 

The  constitutional  affection  which  thus  runs  its  course  in  sympathy  with  the 
local  inflammation  is  commonly  known  by  the  name  of  '  inflammatory  fever.'  The 
description  just  given  of  its  symptoms  purports  only  to  represent  the  chief  facts  of  a 
typical  and  uncomplicated  case.  But  practically  the  affection  shows  numberless 
grades  and  differences  and  complications. 

First  there  are  wide  differences  of  degree  and  duration  :  for,  in  proportion  as  the 
local  process  is  less  acute  and  less  extensive,  there  is  less  attendant  febrility  ;  and  in 
proportion  as  the  local  process  has  to  invade  fewer  successive  strata  of  texture,  the  fever 
is  of  shorter  course.  On  the  one  hand,  it  may  be  so  slight  as  readily  to  escape  notice, 
and  may  end  within  a  few  hours  of  its  commencement ;  on  the  other  hand,  it  may  last 
in  full  force  during  many  successive  clays,  and  may  be  so  severe  as  to  shake  the 
patient's  life  to  its  foundations. 

And  besides  these  differences,  there  are  varieties  of  result — sometimes  from  com- 
plicative local  conditions,  sometimes  from  peculiar  susceptibilities  of  the  patient.  If 
the  wound  become  the  seat  of  some  large  textural  disorganisation,  with  consequent 
soakage  of  putrefying  material,  signs  of  blood-pollution  may  be  expected  to  mix  with 
or  supersede  those  of  common  inflammatory  fever ;  the  patient's  general  state  will 
then  incline  to  be  one  of  depression  and  apathy ;  his  tongue  will  be  more  than  com- 
monly foul,  and  fcetid  diarrhoea  will  probably  exist.  Or  if  perchance  during  the 
local  process  it  happen  (as  is  especially  apt  to  be  the  case  where  cancellous  bone- 
structure  is  affected,  and  generally  at  a  time  when  common  febrile  excitement  has 
passed  its  maximum)  that  pus  passes  up  a  vein  into  the  general  stream  of  blood,  the 
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patient's  improvement  is  abruptly  cut  short  by  the  severe  recurrent  rigors  and  sweat- 
ings of  pyaemia,  accompanied  by  local  signs  of  secondary  suppuration  in  parts  to 
which  the  pus  is  conveyed.  Further,  the  quality  of  the  pulse  during  inflammation, 
and  generally  that  look  of  vehemence  in  the  febrile  process  which  depends  upon  the 
circulatory  system  taking  an  active  part  in  the  production  of  symptoms,  will  be 
almost  Tinlimitedly  influenced  by  the  more  or  less  vigour  of  the  patient.  With 
weakened  nerve-power,  with  feeble  heart-structure,  there  can  be  no  strong,  hard 
pulse ;  nor  can  the  pulse  be  otherwise  than  soft  and  small,  when  the  blood-vessels 
are  half-emptied  of  their  contents.  Old  age,  and  every  kind  of  depressing,  debili- 
tating, or  exhausting  influence,  must  therefore  tend  to  prevent  certain  symptoms  of 
fever  from  developing  themselves  •  and  the  surgeon  who  wishes  rightly  to  estimate 
the  degree  in  which  his  patient's  general  system  is  sympathising  with  some  existing 
inflammation,  must  guard  himself  against  these  sources  of  fallacy,  by  referring  in 
all  doubtful  cases  to  what  is  the  one  sure  measure  of  fever. 

It  has  already  been  said  that  in  proportion  as  any  considerable  part  of  the  body 
becomes  acutely  inflamed,  the  patient's  blood  (if  not  affected  by  perturbing  causes) 
invariably  rises  in  temperature.  This  is  the  essential  fact  of  inflammatory  fever. 
It  is  to  this  fact,  that  the  familiar  language  of  feverishness  bears  witness  ;  the  thirst, 
the  scanty  urine,  the  heat  and  the  shivering,  the  troubled  brain,  the  excited  circula- 
tion. As  the  blood  gets  hotter  and  hotter,  more  and  more  do  these  symptoms 
become  developed.  As  the  blood  subsequently  gets  cooler,  so,  more  and  more,  do 
they  decline.1 

It  is  necessary  to  remark  that  what  is  here  said  specially  of  the  symptoms  of 
inflammatory  fever,  is  true  generally  of  the  febrile  state.  Whether  we  are  dealing 
with  the  effects  of  mechanical  injury,  or  with  a  case  of  small-pox  or  pneumonia,  the 
symptoms  which  in  common  medical  language  are  called  feverish,  are  essentially  the 
signs  of  heated  blood.  This  in  effect  is  no  new  doctrine ;  for  even  Galen,  seventeen 
centuries  ago,  when  maintaining  that  fever  was  but  a  preternatural  bodily  heat  (irapa 
(jiva-Lv  dep/jLaaia),  disclaimed  for  himself  that  he  had  any  originality  of  opinion,  and 
declared  that  popular  instinct,  on  the  present  point,  concurred  with  the  teaching  of  all 
competent  physicians.  But  it  is  only  of  late,  only  with  the  aid  of  exact  thermometric 
observations,  that  the  facts  have  been  scientifically  established  ;  and  hitherto  the 
subject  has  been  much  less  studied  in  surgical  practice  than  in  connection  with 
infected  fevers  and  visceral  inflammations.  Especially  the  connection  of  those  ther- 
mometric  facts  with  others  of  a  chemical  kind — a  connection  tending  to  show  that 
febrile  heat  is  always  associated  with  an  increased  devitalisation  and  waste  of  organic 
material  within  the  body,  is  even  yet  but  in  progress  of  being  demonstrated,  and  oidy 
admits  of  being  stated  in  very  unprecise  terms.  So  far,  however,  as  the  subject  is 
yet  learnt,  the  following  propositions  seem  certain. 

a)  increased  temperature  of  the  blood  is  (as  abov.e  stated)  an  invariable  fact  in 
the  febrile  state,  and,  according  to  its  degi'ee,  measures  the  intensity  of  fever  ; 

b)  this  statement  applies,  not  only  to  the  facts  of  continued,  uniform  febrility, 
but  equally  to  those  of  remittent  and  intermittent  febrility,  including  ague  and 
hectic  ; 

c)  the  feelings  of  chilliness — even  the  rigors,  which  are  a  conspicuous  symptom 
in  many  febrile  disorders,  furnish  no  exception  to  the  general  statement  :  on  the 
contrary,  febrile  chilliness  probably  denotes  a  more  rapid  heating  of  the  blood ;  and 
febrile  rigor,  as  it  occurs  in  ague  and  pypemia,  is  distinctively  the  sign  of  sudden 
rises  of  temperature ; 

d)  febrile  excesses  of  bodily  temperature  range  perhaps  to  F.  10°  above  the  normal 
heat  of  the  blood  ;  the  '  crisis  '  of  a  febrile  state  consists  in  a  rapid  and  generally 
continuous  reduction,  the  '  lysis  '  in  a  slow  and  generally  discontinuous  reduction,  of 
this  abnormal  temperature ; 

1  The  following-  observations  of  temperature  in  common  inflammatory  feAer  were  made 
for  the  writer  by  Dr.  Montgomery  during  the  compilation  of  the  present  paper,  January 
1860.  The  cases  were  all  in  the  wards  of  St.  Thomas's  Hospital;  the  first  three  under  the 
writer's  care,  the  fourth  under  that  of  a  colleague.    The  subject  is  further  illustrated  by  the 
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e)  the  excessive  heat  of  the  blood  suffices  to  explain  the  apparent  drought  of  the 
body  ;  for  the  contact  of  the  hotter  blood,  acting  as  an  universal  textural  stimulant, 
and  rendering  every  particle  of  living  texture  throughout  the  body  more  than  com- 
monly absorbent  and  appropriative  of  blastema,  necessitates  (if  the  blood's  ordinary 
constitution  is  to  be  maintained)  that  a  greatly  increased  supply  of  water  shall  be 
furnished  from  without,  and  implies  that,  till  the  satiation  of  this  requirement,  the 
excretions  shall  be  comparatively  waterless;  beyond  which,  it  is  to  be  counted  that 
the  hotter  blood  inevitably  steams  away  much  more  vapour  by  the  lung ;  and  further 
it  mav  possibly  be  the  case,  as  Dr.  Parkes  ingeniously  suggests,1  that  some  inter- 


observations  of  general  temperature  made  in  connection  with  1  he  experiments  recorded  at 
page  10. 


Man,  aged  29. 

Man,  aged  41. 

Man,  aged  36. 

Boy,  aged  16. 

of  observation 

Amputation  above  knee  for 
osteosarcoma  of  tUe 
tibia. 

Injection  of  tincture  of 

iodine  into  the 
knee-joint  for  chronic 
hydrarthrosis. 

Small  tumour  removed 
from  the  upper  surface 
of  the  foot,  44  hours 
before  the  first  tem- 
perature was  taken. 

Syme's  operation,  46 
hours  before  the  first 
temperature  was  taken. 

O 

morn. 
1U-11 

after. 

3-4 

even. 
8-9 

mom. 
!U-10J 

after. 
3-4 

even. 
8-9 

morn. 
10-11 

after. 
4-5 

even. 

morn. 

9-9* 

noon. 
1H-12 

after. 
4-5 

I 

36-15 

36-50 

36-55" 

36-50 

II 

36-40 

36-50 

36-60 

36-30 

36-50 

36-70 

III 

36-40 

Opera- 
tion at 
2-30 

36-75 

35-90 

Opera- 
tion at 
3-20 

37-002 

38-20' 

38-30 

38-90 

36-60 

37-90 

IV 

38-30 

38-30 

38  20 

37-703 

37-70 

38-30 

38-302 

38-30 

38-20 

37-30 

37-80 

38-40 

V 

37  90 

38-40 

38-30 

37-60 

37-454 

38  20 

37-653 

38-10 

3810 

37-20 

3715 

39-40' 

VI 

39-20' 

37-30 

3805 

36-705 

36-90 

37-20 

3710 

37-10 

37-20 

36-80 

38-80 

VII 

37-70 

39-10 

38-20 

36-35° 

36-50 

36-20 

36-70 

36-70 

37-10 

36-40 

39-402 

3800 

VIII 

37-50 

38-00 

3780 

36  30 

36-60 

36-70 

36-60 

37-40 

IX 

36-85 

37-30 

37-7 

36  30 

37-30 

X 

36-80 

37-20 

36-20 

37-00 

XI 

36-25 

36-45 

XII 

i 

36-25 

36  -6 

1  At  7  morn,  slight  shivering. 

•  Patient  keeping  his 
bed. 

-  Pain  began  after  5 
afternoon. 

3  Knee    swollen  and 
painful. 

4  Pain  also  in  opposite 
knee,  and  in  both  legs 
from  knees  downwards. 

5  Diminution  of  pain 
and  swelling  has  begun. 

*  Scarcely  any  more 
pain. 

'  Inflammation  of  the 
tissue  surrounding  the 
wound;  foul  tongue;— 
sickness :  headache. 

-  Inflammation  spread- 
ing over  the  upper  sur- 
face of  the  foot. 

a  Sloughing  of  flap  of 
integument. 

1  At  1.30  p.m.  patient 
had  shivering. 

-  At  11  morning  some 
shivering. 

1  '  It  is  now  well  known  that  during  endosmosis  different  organic  substances  absorb  or 
take  very  different  quantities  of  water  through  membranes.  For  example,  the  endosmotic 
equivalent  of  sugar  is  a  large  amount  of  water,  and,  in  consequence  of  this  physical  law, 
suo-ar  attracts  water  largely  from  the  blood,  and  carries  it  from  the  system.  Hence  the 
unquenchable  thirst  of  diabetes  ;  for  every  structure  is  robbed  of  its  water  by  the  powerful 
attraction  of  the  diabetic  sugar.  Is  it  possible  that  in  fever  some  Substance  is  produced 
Which  has  as  powerful  an  attraction  for  water  as  sugar,  and  the  action  of  which  may  cause 
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mediate  waste-products  of  the  febrile  body  are  (like  gelatine)  extraordinarily  attrac- 
tive of  water ; 

f)  excessive  heat  of  the  blood  suffices  to  explain  a  stimulated  state  of  nervous 
centres  and  of  organs  dependent  on  them ;  for  (besides  what  is  known  of  the  action 
of  heat  on  living  textures  generally)  the  experiments  of  Chossat  have  shown,  with 
special  reference  to  the  nervous  system,  that,  when  its  functions  are  in  the  very  act 
of  dying  by  starvation,  a  mere  augmentation  of  temperature  will  revive  their  activity, 
and  gradually  bring  the  subject  of  experiment  into  a  state  from  which  recovery  by 
nourishment  is  possible;1 

(/)  excessive  heat  of  the  blood  suffices  to  explain  the  excitement  of  the  heart's 
action ;  partly  as  the  result  of  a  more  stimulative  impression  on  the  endocardium 
partly  as  the  result  of  a  more  stimulative  supply  to  the  cardiac  ganglia. 

Taking  it  then  for  granted  that  the  leading  symptoms  of  fever  are  accounted  for 
— some  of  them  entirely,  others  at  least  in  great  part,  by  the  fact  of  the  blood's 
increased  temperature,  whence,  we  may  now  ask,  comes  this  greater  heat  of  the 
blood  1  In  the  present  state  of  physiological  opinion  as  to  the  ordinary  sources  of 
animal  heat,  the  speculation  is  instantaneous,  that  the  greater  heat  of  fever  must 
correspond  to  some  greater  transformation  of  organic  material.  Many  excellent 
observers  have  set  themselves  to  inquire  how  far  this  conjecture  is  right ;  and  the 

the  universal  thirst  ?  A  fact  mentioned  to  me  by  Mr.  Graham  will  put  my  meaning  in  a 
clearer  light.  Mr.  Graham  has  discovered  that  gelatine  has  an  extraordinary  attraction  for 
water,  so  that  it  will  even  take  it  from  alcohol,  and  render  alcohol  almost,  if  not  quite, 
anhydrous.  This  property,  manifested  at  all  temperatures,  is  particularly  marked  at  the 
temperature  of  98°  to  100°  F.  Albumen,  on  the  other  hand,  has  little  attraction  for  water, 
and  yields  it  up  at  once  to  alcohol.  Now  supposing  that,  in  the  rapid  metamorphosis  of 
albuminous  substances  in  fever,  gelatinous  compounds,  or  something  approaching  to  them, 
were  formed — and  this  is  by  no  means  unlikely — then,  as  a  consequence  of  a  physical  law, 
the  gelatine  woidd  at  once  take  water  from  the  albuminous  tissues,  and  would  necessarily 
give  rise  to  intense  thirst.  Then,  unlike  sugar,  the  gelatinous  substance  woidd  not  be  dis- 
charged, but  must  be  converted  into  urea,  and  uric  acid,  as  ordinary  gelatine  is  when  it  is 
taken  as  food.  I  mention  this  hypothesis  merely  as  an  example  of  how  water  might  be 
retained  in  the  febrile  body.  At  present,  of  course,  we  do  not  know  whether  any  such  com- 
pound is  or  is  not  formed,  for  the  transition-steps,  and  they  may  be  numerous,  between 
organised  albumen  and  urea  are  not  yet  known.'  ('  Gulstonian  Lectures  on  Pyrexia,'  in  Med. 
Times  and  Gazette,  vol.  x.  p.  333.)  These  Lectures  claim  a  very  respectful  mention ;  not 
only  as  embodying  an  admirable  statement  and  criticism  of  the  modern  doctrines  of  fever, 
but  equally  as  recording  many  important  observations,  made  by  Dr.  Parkes  himself,  with 
regard  to  the  acts  of  elimination  in  fever,  and  the  relation  of  these  acts  to  the  abnormal  heat 
of  the  blood. 

1  Chossat's  29th  experiment  (though  it  did  not,  like  many  of  the  others,  go  on  to  the 
animal's  complete  restoration)  may  be  quoted  as  illustrating  this  argument : — '  Une  tour- 
terelle,  dont  le  poids  initial  etait  =  142g-52,  a}'ant  6t6  soumise  a  une  alimentation  insuffisante, 
vers  la  fin  du  6'^me  jour  de  cette  alimentation  se  trouva  arrivee  a  l'etat  de  mort  imminente, 
et  son  poids  etait  reduit  a  96g-66.  Dans  l'etat  en  question,  la  station  depuis  deux  heures  de 
temps  etait  devenue  impossible  :  le  corps  etait  etendu,  la  tete  pendante  ;  les  yeux  etaient 
ouverts,  fixes,  sans  clignotement,  et  le  froissement  des  orteils  n'aecusait  plus  qu'un  faible 
reste  de  sensibilite  aux  extreinites  posterieures.  La  respiration,  depuis  quelques  minutes, 
n'etait  plus  appreciable  ;  le  corps  froid ;  la  chaleur  animale  =  23o-0.  La  perte  de  poids 
integrale  proportioimelle  =  0  350.  C'est  dans  cet  etat,  que  j'appelle  de  mort  imminente, 
parce  qu'au  bout  de  pen  de  minutes  il  devait  se  terminer  par  la  mort,  que  j'ai  place  l'animal 
dans  l'etuve,  et  que  j'ai  commence  le  rechauffement.  Appelons  0*0'  le  moment  du  debut  du 
rechauffement,  et  voyons  ce  qui  est  arrive  pendant  la  duree  de  celui-ci.  Apres  deux  minutes 
(0h  2'),  la  respiration  est  devenue  tres-marquee  ;  0h  6',  la  respiration  est  bonne  ;  l'animal  est 
plus  anime ;  il  remue  la  tete ;  0"  7',  les  yeux  sont  redevenus  sensibles,  et  le  clignotement 
est  retabli ;  0h  10',  respiration  naturelle  ;  la  vie  revient  de  plus  en  plus ;  0h  31',  l'animal 
est  bien  vivace  ;  il  agite  ses  ailes  comme  pour  se  sauver ;  0h  34',  la  station  sur  les  pattes  est 
redevenue  possible  ;  mais  elle  est  encore  chancelante,  et  1'animal  ne  se  soutient  qu'en  agitant 
les  ailes ;  tete  encore  vacillante ;  0h  43',  l'animal  parait  bien  remis.  Etant  oblige  de  le 
quitter,  je  l'enveloppe  d'un  tissu  que  l'empeche  de  s'envoler  de  dessus  l'etuve  pendant  mon 
absence  ;  2b  T,  a  mon  retour,  je  trouve  l'animal  mort  sur  l'etuve,  la  tete  renversee  en  arriere, 
dans  mi  etat  d 'opisthotonos.  La  chaleur  dans  le  cloaque  =  48°- 7  ;  le  poids  du  corps  =  90g-58, 
et  la  perte  pendant  le  rechauffement  =  2g-08.  L'animal  n'ayant  pas  pu  quitter  l'etuve,  comme 
il  l'aurait  fait,  s'il  n'y  avait  pas  ete  emprisonne,  il  est  evident  que  sa  chaleur  s'y  etait  elevee 
progressivement  a,  cinq  ou  sixdegres  au-dessus  de  l'etat  normal,  ce  qui  etait  plus  que  suflisant, 
comme  on  sait,  pour  amener  la  mort  par  la  chaleur.' 
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results  of  inquiry,  so  far  as  they  have  gone,  are  to  the  following  effect : — that,  either 
continuously  during  the  intensity  of  feverishness,  or  else  more  abruptly  and  as  it 
were  decumulatively  when  feverishness  begins  to  subside,  there  can  commonly  be 
traced  in  the  excretions  an  excess,  more  or  less  considerable,  of  those  nitrogenous, 
sulphurised,  and  phosphorised  products  which  emanate  from  textural  and  humoral 
waste ;  that  this  increased  elimination  is  observed  even  when  ingestion  has  been  re- 
duced to  a  minimum  j  and  that  febrile  excretions  do  therefore,  as  a  rule,  undoubtedly 
attest  an  increased  devitalisation  of  bodily  material.  I  do  not  pretend  to  discuss 
what  is  the  intimate  physical  relation  between  febrile  heat  and  increased  material 
change.  Whether  in  reference  to  local  inflammation  or  to  general  febrility,  I  can 
only  speak  of  them  as  two  concurrent  groups  of  phenomena ;  and  instead  of  pretend- 
ing to  discuss  what  may  be  their  mutual  relations,  I  take  them  as  essentially  con- 
joint. Viewing  them  thus  together  as  one  complex  fact  of  dynamical  excitement 
(complex  in  any  inflamed  texture,  and  complex  in  any  fevered  blood),  and  confining 
myself  now  again  to  the  case  of  surgical  inflammatory  fever,  I  will  only  attempt  to 
show  how  it  is  that  this  dynamical  excitement  diffuses  itself  in  the  body — how  it  is 
that,  from  being  local,  it  becomes  general — how  it  is  that  feverishness  superadds 
itself  to  inflammation. 

Without  hesitation  we  may  conclude  that  the  process  spreads  by  common 
material  contagion  ;  that  the  returning  fluids  of  the  inflamed  part — its  venous  blood 
and  its  lymph — are  the  agents  of  general  infection.  For  if  a  part  be  developing  pre- 
ternatural heat,  and  undergoing  preternatural  change,  its  venous  and  lymphatic  out- 
flow must  of  necessity  represent  those  excesses  of  heat  and  change  ;  and  this  out-flow, 
with  all  its  belongings,  material  and  dynamical,  shedding  itself  without  interruption 
into  the  blood,  must  straightway  be  diffused  throughout  the  body.  Not  inactively, 
we  may  presume ;  for  the  blood,  receiving  such  increments  of  heat  as  the  inflamed 
part  thus  contributes  to  its  temperature,  and  receiving  also  that  unwonted  afflux  of 
chemically-changing  material  which  comes  from  the  disorganising  textures,  is  doubt- 
less itself  stimulated  to  greater  activity  of  change.  And  as  it  circulates  throughout 
the  body,  so,  to  every  texture  which  it  supplies,  there  is  brought  more  than  common 
incentive  to  change ;  till,  in  proportion  as  the  fever  is  great,  every  texture,  according 
to  its  chemical  mobility,  gets  to  participate  in  the  excitement,  reflects  as  it  were  in  a 
lesser  scale  the  disorder  of  the  inflamed  part,  and  contributes  a  share  to  that  over- 
production of  waste-products  and  of  heat  which  is  characteristic  of  inflammatory 
lever.  The  frequency  with  which,  during  accidental  febrility,  some  predisposed  texture 
will  break  out  into  the  gouty  or  rheumatic  inflammation  special  to  itself,  is  a  beauti- 
ful illustration  of  what  is  here  advanced. 

It  were  greatly  to  be  wished  that  something  definite  could  be  said  about  the 
microscopical  and  chemical  character  of  the  blood  during  inflammatory  fever.  But 
observations  in  this  field  are  among  the  most  difficult  in  pathology ;  and  probably 
many  years  must  yet  elapse  before  the  subject  can  be  adequately  discussed. 

It  has  been  said  by  competent  observers,  that  during  inflammation  there  is  a 
notable  increase  in  the  proportion  of  colourless  corpuscles  in  the  blood.  But  our 
means  for  measuring  the  proportion  of  white  to  red  corpuscles  are  hitherto  so  im- 
perfect that  different  microscopical  examinations  of  the  same  blood  will  give  the 
most  contradictory  results ;  and  the  reports  hitherto  made  on  the  subject  in  its 
relation  to  inflammatory  fever  are  too  imperfect  and  too  discordant  for  general  con- 
clusions to  be  drawn  from  them. 

There  is  another  change  in  the  blood  which  may  with  more  confidence  be  de- 
scribed as  at  least  very  frequently  an  accompaniment  of  inflammation — viz.,  that  the 
blood  yields  more  than  the  normal  amount  of  fibrin,  and  coagulates  with  what  is 
called  a  '  buffy  coat '  on  its  surface.  Perhaps  no  point  is  better  established  in  the 
pathology  of  the  blood  than  a  connection  between  its  yield  of  fibrin  and  the  presence 
of  acute  inflammation  :  in  rheumatic  fever,  in  pneumonia,  in  bronchitis,  in  pleurisy, 
in  peritonitis,  in  quinsy,  in  erysipelas,  the  blood's  normal  yield  of  fibrin  has  been 
found  doubled,  tripled,  quadrupled,  quintupled.  And  under  like  circumstances  the 
bufly  coat  has  been  so  habitually  observed,  that,  in  days  when  acute  inflammation 
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■was  much  treated  by  venesection,  the  contents  of  the  bleeding-basin  were  an  ordinary 
element  in  diagnosis,  and  a  buffy  coat  would  be  pointed  to  in  justification  of  the 
blood-letting  which  had  been  performed. 

Little  is  known  as  to  the  ultimate  meaning  of  these  facts.  The  buffy  coat  is  an 
upper  layer  of  clot  left  colourless  by  the  absence  of  red  corpuscles ;  and  its  immediate 
meaning  is,  that,  through  some  peculiarity  of  the  blood,  the  corpuscles  have  found 
time,  before  the  beginning  of  coagulation,  to  subside  in  the  liquor  sanguinis  from  the 
top  towards  the  bottom  of  the  basin.  Where  blood  shows  the  buffy  coat,  often,  from 
the  same  cause,  its  clot  has  the  shape  of  a  truncated  cone ;  the  upper  or  buffy  part 
being  firmly  contracted  and  having  inverted  edges,  while  the  lower  strata  (where 
contraction  is  impeded  by  the  volume  of  intervening  corpuscles)  become  successively 
broader  and  looser- textured.  Appearances,  substantially  the  same,  present  them- 
selves to  us  very  frequently  in  the  structure  of  those  clots  which  form  slowly  after 
death  in  the  cavities  of  the  heart  and  large  blood-vessels,  and  which,  because  of  their 
slow  formation,  are  destitute  of  red  corpuscles  to  a  more  or  less  considerable  depth 
from  their  uppermost  surface.  And  in  healthy  blood,  withdrawn  from  the  body,  a 
buffy  coat  can  to  some  extent  be  produced  by  various  influences  which,  retarding 
coagulation,  give  more  than  normal  time  for  the  corpuscles  thus  to  settle  down. 
But  slowness  of  coagulation  is  not,  it  seems,  the  only  effective  influence  in  the  pro- 
duction of  a  buffy  coat.  The  appearance  may  be  absent  even  though  coagulation 
has  been  slow,  and  it  may  be  present  where  coagulation  has  been  of  normal  rapidity. 
So  at  least  it  would  seem  from  the  observations  of  Dr.  Stokes  :  1 — '  He  noted  the 
appearance  of  the  blood  in  twenty-seven  cases.  In  fifteen  of  these  the  buffy  coat 
presented  itself;  in  twelve  it  did  not.  Now  in  three  of  these  twelve,  the  coagulation 
of  the  blood  did  not  begin  till  from  twenty  to  forty  minutes  after  it  was  drawn;  and 
in  four  others  there  was  no  coagulation  for  eight  minutes.  So  that  there  was  plenty 
of  time  for  the  red  particles  to  have  left  tne  fibrin  and  subsided,  but  they  did  not 
do  so.  On  the  other  hand,  in  twelve  out  of  the  fifteen  cases  in  which  the  blood  was 
buffed,  the  coagulation  took  place  in  five  minutes ;  and  in  the  remaining  three  it  was 
delayed  only  fourteen  minutes.'  It  is  evident  that  results  equivalent  to  those  of 
slow  coagulation  might  be  produced  in  other  ways.  If  the  corpuscles  had  from  any 
cause  acquired  a  special  aptitude  to  subside  (such,  for  instance,  as  greater  weight 
would  give  them),  the  top  of  a  clot  would  be  left  colourless,  even  though  coagula- 
tion were  not  delayed ;  and  some  observers  allege  that,  in  blood  dra.wn  during  in- 
flammation, the  corpuscles  show  a  remarkable  disposition  to  cohere  in  masses,  which, 
they  think,  would  be  apfer  than  separate  corpuscles  to  sink  in  the  containing  fluid. 

Probably  all  that  is  peculiar  in  the  coagulation  of  blood  drawn  during  inflam- 
mation is  essentially  connected  with  that  altered  state  of  the  fluid  which  occasions 
its  greater  yield  of  fibrin.  And  the  nature  of  this  state  is  hitherto  quite  unknown. 
Whether  there  be  in  the  blood  such  an  ingredient  as  fluid  fibrin,  chemically  distinct 
from  the  dissolved  albumen ;  whether  the  fibrin  which  we  can  whip  from  fluid  blood 
be  anything  more  than  some  of  the  albumen  coagulating  at  a  common  temperature-, 
just  as  the  rest  of  the  albumen  would  coagulate  at  160°;  whether  the  greater 
fvbriniferousness  of  the  blood  during  inflammation,  instead  of  meaning  (as  has 
generally  been  believed)  the  increase  of  a  specific  ingredient,  may  not  rather  mean  a 
general  qualitative  change  in  the  albumen,  rendering  it  abnormally  prone  to  furnish 
the  coagula  which  are  called  fibrinous, — these  are  questions  which  great  chemists  are 
still  endeavouring  to  solve,  and  which,  while  unanswered,  imply  darkness  in  many 
important  parts  of  pathology.2 

Nor  (whether  fibrin  be  regarded  as  an  ingredient  or  as  a  product  of  the  blood) 
are  physiologists  altogether  agreed  as  to  its  meaning  in  health,  or  pathologists  as 
to  its  meaning  in  inflammation.    There  are  some  who  believe  that  the  blood  is 

1  Quoted  by  Sir  T.  Watson,  Led.  vol.  i.  p.  155,  edit.  1859. 

~  See  especially  Briicke  s  paper  on  the  cause  of  the  eoagulation  of  the  blood,  Brit.  For. 
Med.-Chir.  Rev.  Jan.  1857,  and  Virchow's  Archiv,  vol.  xii.  And  since  the  first  edition  of 
the  present  paper  was  written,  there  have  been  the  very  interesting  researches  of  Alex. 
Schmidt,  published  in  the  Arch.f.  Anat.  u.  I'hys.  of  1861  and  1862. 
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excellent  in  proportion  as  it  is  fibriniferous ;  that  the  quantity  of  fibrin  which  can  be 
whipped  from  it  represents  the  degree  in  which  it  is  available  for  textural  nourish- 
ment ;  that  solidifying  fibrin  is,  so  to  speak,  almost  incipient  tissue  ;  that  the  blood 
dt-awn  in  inflammation  gives,  in  its  fibrinous  crust,  the  sign  of  being  specially 
adapted  to  the  purpose  of  additional  growth.  Others  believe  (and  the  waiter  is  most 
unreservedly  among  them)  that  the  blood  yields  more  fibi'in,  not  in  proportion  as  it 
is  ripe  and  perfect,  but  rather  in  proportion  to  quite  opposite  conditions ;  that  an 
increased  yield  of  fibrin  portrays  not  perfection,  but  post-perfection,  in  the  blood  ; 
that  it  corresponds  not  to  the  rise,  but  to  the  decline,  of  albuminous  material ;  that 
its  relations  are  not  with  repair,  but  with  waste ;  that  its  significance  is  that  of  some- 
thing intermediate  between  life  and  excretion.  That  the  fibriniferousness  of  the 
blood  is  undiminished,  probably  even  increased,  by  bleeding ;  that  it  is  greatly 
developed  during  starvation,  during  violent  fatigue,  during  diseases  essentially 
anaemic  ;  that  its  increase  under  these  circumstances  of  exhaustion,  weakness,  and  inani- 
tion is  to  the  full  as  great  as  its  increase  during  inflammation ; — these  considerations 
(to  which  others  might  be  added)  seem  conclusive  arguments  against  the  view  first 
stated.  And  when  the  same  considerations  are  viewed  in  connection  with  the 
general  chemistry  of  inflammatory  fever,  it  seems  certain  that  the  alternative  view 
must  be  right ;  that  the  greater  fibriniferousness  of  the  blood  in  inflammation 
represents  actions  of  devitalisation  and  decay  in  some  albuminous  material.  Whether 
this  changing  material  be  the  inflamed  texture  gradually  dissolving  itself  into  the 
blood,  or  be  the  albumen  of  the  fevered  blood  itself  undergoing  accelerated  waste, 
cannot,  in  the  present  state  of  knowledge,  be  even  approximately  stated. 


C.  THE  CAUSES  OF  INFLAMMATION  AND  THEIR  RESPECTIVE 

MODES  OF  ACTION. 

As  the  chemist,  referring  to  common  combustion,  would  not  describe  its  cause  to 
consist  in  the  more  igniting  spark  which  determines  its  commencement,  but  would 
show  that,  conflagration  requires  the  fulfilment  of  many  conditions,  whereof  only  one 
is  represented  by  that  incident; — just  so  the  pathologist,  in  dealing  with  the  so-called 
causes  of  inflammation,  recognises  that  no  foreign  agent  operating  on  a  part  of  the 
body  would  be  capable  of  producing  inflammation,  unless  other  conditions  were  ful- 
filled by  the  part  whereon  it  operates. 

The  powers  which  concur  in  producing  any  given  inflammatory  process  are 
commonly  distinguished  as  follows,  viz. —  1)  the  determining  or  exciting  cause 
properly  spoken  of  as  the  cause  of  the  inflammation — being  that  relatively  exterior 
influence  which  determines  the  commencement  of  an  action  for  which  the  part  by  its 
natural  endowments  is  prepared;  and  2)  the  predisposing  and  modifying  conditions 
— being  all  such  endowments  and  circumstances  of  the  part  as  enable  and  prepare 
it  to  inflame.  In  accordance  with  this  distinction,  the  present  section  will  be 
devoted  to  considering  the  Causes  of  Inflammation.  Where  '  cause  '  is  written 
without  any  qualifying  word,  the  reader  will  understand  that  '  determining  or 
exciting  cause  '  is  meant;  and  the  expression  '  determining  cause  '  may  be  preferred 
to  the  expression  '  exciting  cause,'  with  which  it  is  synonymous,  in  order  to  avoid 
the  ambiguity  which  would  often  result  from  the  double  meaning  of  the  latter. 

1.  Determining  Causes  of  Inflammation. 

If  the  practical  surgeon,  from  an  exclusively  clinical  point  of  view,  enumerates 
the  influences  which  he  has  known  to  produce  inflammation,  they  at  first  seem  to  be 
of  almost  infinite  variety  and  multitude.  Classification,  however,  soon  simplifies  this 
chaos.  For,  on  the  one  hand,  the  innumerable  causes  of  inflammation  may  be 
generalised  according  to  the  sources  whence  they  are  derived, — generalised,  for  instance, 
into  extrinsic  and  intrinsic  causes,  with  more  or  less  subdivision  of  each  of  these 
chief  groups.    Or,  more  philosophically,  the  causes  of  inflammation  may  be  classified 
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according  to  the  nature  of  the  action  by  which  they  produce  inflammation  in  the 
living  body.  And  since  the  former  mode  of  arrangement  is  convenient  as  an  in- 
troduction to  the  latter,  the  causes  of  inflammation  shall  here  be  considered  in  that 
point  of  view.  But,  before  closing  the  section,  some  supplemental  remarks  will  be 
necessary  as  to  the  results  of  the  other  kind  of  classification. 


(a)  Determining  Causes  of  Inflammation,  generalised  according  to  the  sources 

whence  they  come. 

1.  Parts  of  the  body  which  have  been  cut,  stabbed,  bruised,  torn,  rubbed,  broken, 
and  dislocated ;  parts  which  have  had  foreign  bodies,  whether  lifeless  or  parasitic, 
thrust  into  unnatural  contact  with  them  ;  parts  in  which,  by  heat  or  other  caustic 
and  pungent  influences,  the  chemical  constitution  or  chemical  mobility  of  textures 
has  been  affected  ;  these,  in  their  several  ways,  illustrate  one  great  class  of  causes  of 
inflammation — causes,  namely,  which  may  be  generalised  as  acts  of  mechanical  and 
chemical  violence  inflicted  from  without. 

2.  The  influence  which,  as  just  mentioned,  is  exerted  on  living  textures  of  the 
body  when  foreign  matters  (splinters  or  bullets,  for  instance)  are  intruded  on  them 
from  without,  is  sometimes  effectually  imitated  by  the  influence  of  peculiar  morbid 
products  of  the  body  itself.  Within  the  kidneys  or  bladder,  for  instance,  a  stone 
concreted  from  the  urine  produces  just  such  effects  as  if  it  were  a  pebble  from  the 
sea-shore.  Its  action  is  that  of  a  foreign  body ;  and  in  our  long  catalogue  of  bodily 
diseases  there  are  many  cases  where,  with  other  anatomical  relations,  like  results  are 
produced.  Biliary  concretions  in  the  liver  and  gall-bladder  often  produce  inflam- 
mation, which  sometimes  involves  the  surrounding  parts,  and  may  even  lead  to  the 
discharge  of  the  irritant  by  ulceration  of  the  abdominal  wall.  The  salivary  ducts, 
too,  are  subject  to  calculi,  and  to  inflammation  as  the  result  of  their  presence.  The 
lachrymal  apparatus  has  the  same  liability.  The  joints  moreover  have  their  concre- 
tions, and  the  serous  cavities  have  theirs  ;  though  in  both  these  cases  the  polished 
surface  of  the  formation  renders  its  presence  comparatively  unfelt. 

Akin  to  the  above  are  cases  where  retained  putreflable  excretions  become  in'itants 
to  the  cavities  which  contain  them — where,  for  instance  (as  often  happens,  sometimes 
unsuspectedly  in  connection  with  chronic  paralysis),  an  imperfectly-relieved  bladder 
has  arrears  of  urine  always  decomposing  in  it,  rendering  the  calls  of  micturition 
more  frequent,  provoking  a  large  secretion  of  mucus,  which  itself  becomes  an  aggra- 
vation of  the  disorder,  and  at  length,  unless  appropriate  treatment  be  adopted,  pro- 
ducing destructive  results  : — or  again,  where,  in  connection  with  stricture  of  the 
rectum  or  some  other  constipative  cause,  the  retained  and  decomposing  knobs  of 
excrement  irritate  the  mucous  membrane  of  the  colon,  exciting  catarrhal  secretion 
and  increased  efforts  of  discharge — a  pseudo-diarrhoea,  which,  unless  it  be  duly 
diagnosed,  may  be  very  erroneously  treated. 

Of  immense  importance  in  the  present  category  are  concretions  of  blood  (usually 
extravasated  blood)  and  masses  of  tubercle.  Blood,  when  it  is  effused  among  living 
elements  of  the  body,  without  exposure  to  the  air,  is  often  little  of  an  irritant ;  but 
to  the  extent  of  its  influence,  it  acts  as  a  foreign  body,  and,  where  in  contact  with 
irritable  organs  (as  we  often  see  with  small  apoplectic  effusions  at  the  roots  of  nerves), 
can  thus  make  its  presence  sufficiently  obvious.  And  for  the  present  purpose 
miliary  tubercles  may  be  regarded  as  foreign  bodies,  able  to  excite  textural  irritation 
where  they  lie.  But  it  is  not  in  their  original  state  that  tubercle  and  effused  blood 
produce  their  maximum  of  irritation ;  it  is  when  decomposition  begins  either  in 
stagnant  blood  or  in  masses  of  tubercle,  that  the  material,  as  it  softens,  has  new 
ix-ritating  properties  superadded  to  those  of  mere  extraneity,  and  becomes  to  the 
affected  part  one  of  the  most  disorganising  of  influences.  The  common  cause  of 
secondary  haemorrhage  from  tied  arteries^  is  an  ulceration  produced  by  this  irritative 
transformation  of  clot ;  the  inflammation   of  aneurismal  sacs  with  large  coagula 
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begins  in  the  same  way ;  and  the  breaking-up  of  the  lung  in  phthisis,  as  more  and 
more  tubercle  softens  in  it,  is  a  phenomenon  of  the  same  compound  sort. 

An  influence,  comparable  in  some  sort  to  that  of  concretions  and  foreign  bodies, 
is  the  irritation  which  parts  suddenly  deprived  of  life  produce  in  the  parts  next 
adjoining  them.1  When,  for  instance,  obstruction  in  the  arteries  of  a  limb  is  such 
that  the  extremity  dies  from  anaemia,  or  when  the  hand  or  foot  is  killed  by  an 
extreme  action  of  heat  or  cold,  the  dead  part,  relatively  to  the  adjoining  live  parts, 
is  as  a  foreign  body ;  and  its  elements,  which  can  no  longer  themselves  take  part  in 
any  vital  action,  ean  excite  inflammation  in  those  contiguous  parts — an  inflammation 
which,  so  far  as  it  depends  on  the  contact  of  lifeless  matter,  becomes  aggravated  in 
proportion  as  that  matter  (undergoing  common  post-mortem  changes)  is  rendered 
also  a  putrid  irritant.  A  somewhat  similar  case  is  that  where  the  crystalline  lens, 
dislocated  by  accident,  becomes  an  irritant  to  the  parts  amid  which  it  is  thrust — an 
irritant  which,  if  at  first  only  mechanical,  is  liable  also  to  become  chemical  in  pro- 
portion as  changes  occur  in  the  displaced  and  dead  material.  A  sequestrum  of  bone 
differs  from  soft  sloughs  in  its  comparative  fi-eedom  from  decomposing  tissue  ;  but, 
though  its  influence  in  irritating  contiguous  parts  is,  to  this  extent,  a  simpler  one, 
the  resulting  irritation  is  well  marked.  In  Flourens's  neat  experiments,  for  instance, 
when  a  shaft  of  bone  is  made  to  die  by  the  destruction  of  its  medullary  membrane, 
the  dead  cylinder  of  bone  becomes  a  cause  of  inflammation  to  the  untouched  peri- 
osteum which  invests  it ;  and  when,  contrariwise,  a  shaft  is  made  to  die,  by  the 
destruction  of  its  periosteum,  it  becomes  a  cause  of  inflammation  to  the  untouched 
medullary  membrane  which  lines  it;  so  that  while  in  the  former  case  reparation  pro- 
ceeds from  without,  in  the  latter  case  it  proceeds  from  within.  And  with  the 
phenomena  of  necrosis  in  the  human  subject,  we  have  daily  opportunities,  not  only 
of  confirming  these  results  of  experiment,  but  of  noticing  how  essentially  the  effects 
of  a  sequestrum  are  the  effects  of  a  foreign  irritant — how  (for  instance,  with  a  dead 
bit  of  vertebra  or  of  acetabulum)  the  surrounding  parts  are  thrown  into  suppuration 
as  though  by  a  driven-in  fragment  of  wood  or  metal ;  how  abscess  follows  abscess, 
and  sinus  succeeds  sinus ;  the  drain  and  trouble  indefinitely  continuing,  perhaps  even 
to  the  destruction  of  life,  unless  the  quasi-foreign  body  be  removed. 

Here  then  we  have  a  second  class  of  causes  of  inflammation  ;  retained,  concretions, 
excretions,  sloughs,  and  sequestra, — which  themselves  are  results  of  disease,  and 
which  secondarily  tend,  sometimes  by  irritative  products  of  their  decomposition,  but 
more  commonly  by  their  mere  dead  contact  as  foreign  bodies,  to  provoke  inflam- 
mation within  the  sphere  of  their  influence. 

3.  Thirdly,  inflammation  may  be  caused  through  an  altered,  state  of  the  local 
nerves.  It  has  long  been  known  that  injuries  and  diseases  of  the  ophthalmic  division 
of  the  fifth  nerve  lead  to  injection  of  the  conjunctiva,  to  elouding  and  ulceration  of 
the  cornea,  often  to  final  destruction  of  the  globe  of  the  eye,  and  sometimes  to  ulcer- 
ation of  the  neighbouring  integument.  Similarly  it  is  known  that  experimental 
division  or  bruising  of  the  pneumo-gastric  nerves,  at  whatever  part  of  their  course, 
induces  inflammation  of  the  lungs.  Also  within  the  domain  of  the  spinal  nerves,  dis- 
ordered nutritive  phenomena,  sometimes  resulting  in  ulcer,  have  been  seen  .apparently 
dependent  on  local  failures  of  innervation.2  Eminently  this  is  the  case,  as  Dr. 
Carter  has  shown,  in  limbs  affected  with  anaesthetic  leprosy ;  the  numb  extremities 

1  I  must  guard  this  passage  against  being  supposed  to  mean  more  than  it  does.  It  does 
not  purport,  to  explain  in  full  why  Jiving  parts  continuous  with  dead  parts  tend  to  inflame  at 
the  line  of  junction.  Later  passages  will  show  t  hat  I  also  recognise  in  this  fact  one  of  the 
most  mysterious  sympathies  of  co-organisation. 

2  '  Several  years  ago  I  was  consulted,  at  King's  College  Hospital,  by  a  man  who  some 
months  previously  had  torn  his  ulnar  nerve  at  the  inner  condyle  :  his  two  inner  fingers  had 
become  swollen  and  livid  with  vascular  injection.  Two  years  ago  I  had  a  female  patient 
here  (St.  Thomas's  Hospital)  with  disease  in  a  large  portion  of  the  lumbar  and  sciatic  plexus 
of  nerres  on  one  side,  causing  paralysis  and  anaesthesia  of  the  limb  ;  neuralgia  was  re- 
ferred especially  to  the  vicinity  of  the  knee  ;  and  at  this  spot,  when  I  first  saw  the  patient, 
ulceration  had  occurred.' — J.  S.,  Lcct.  185Q. 
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(which  perhaps  have  little  or  no  motor  paralysis)  not  only  being  remarkably  disposed 
to  suffer  vesication  and  superficial  ulceration,  but  also  tending  to  undergo  a  gradual 
destruction  which  affects  first  the  most  distant  parts,  and  begins  in  them  as  atrophy 
of  bone.1  And  in  this  context  it  is  interesting  to  refer  to  some  experimental 
l'esearches  by  Dr.  Mantegazza,  and  others  by  Dr.  Easce  and  Amato,  on  the  textural 
changes  which  occur  in  paralysed  limbs  :  for  it  appeals  that  within  a  few  weeks 
after  division  of  the  nerve-trunks  of  an  extremity,  the  bones  are  considerably 
reduced  in  weight,  by  rarefaction  of  tissue  and  predominant  loss  of  earthy  constitu- 
ents, but  that  this  morbid  effect  is  again  rectified  after  the  nerve-section  has  repaired 
itself.2 

It  is  a  curious  and  hitherto  a  no£  perfectly  solved  question  how  these  various 
injuries  of  nerves  act  in  producing  inflammation. 

A  first  evident  fact  is  that,  at  least  in  the  best-known  cases,  the  injured  nerve  is 
a  sensitive  one;  and  the  old  explanation  was  that  inflammation  arising  in  parts 
deprived  of  sensibility  was  a  reflex  phenomenon ;  that  the  diseased  or  otherwise 
injured  sensitive  nerve  conveyed  to  its  ganglionic  centre  a  false  impression  of  the 
state  of  distant  parts,  and  that  this  false  impression,  acting  in  the  common  excito- 
motory  way,  determined  in  the  arteries  of  those  distant  parts  the  same  changes  of 
calibre,  and  consequently  in  the  supplied  textures  the  same  changes  of  circulation,  as 
if  the  misrepresented  parts  were  really  injured.  This  explanation  however,  even  if 
it  be  admitted  as  accounting  for  hypersemia,  seems  insufficient  to  account  for  the 
remaining  phenomena  of  inflammation. 

Another  explanation  rests  on  the  mere  fact  of  loss  of  sensation  in  the  part,  which 
is  thus  deprived  of  the  usual  notice  given  by  any  accidental  injury  or  irritation,  and 
rendered  incapable  of  withdrawing  itself  in  time  from  the  effects  of  such  irritation  ; 
just  as  we  often  see  in  cases  where  the  hand  has  lost  its  sensibility  from  injury  to  its 
nerves,  that  the  patient  will  burn  or  scald  himself  without  being  aware  of  it. 
Thus,  for  instance,  as  regards  those  very  remarkable  changes  in  the  conjunctiva 
and  cornea  which  ensue  on  certain  injuries  of  the  fifth  nerve,  in  some  experiments 
made  at  Utrecht  by  Dr.  Snellen,  under  the  admirable  guidance  of  Professor  Donders, 
it  appeared  that  if,  after  division  of  the  nerve,  the  eyelids  of  the  insensible  eye  were 
stitched  together,  and  the  still  sensitive  ear  of  the  animal  were  fastened  as  a  shield 
over  the  part,  no  ocular  inflammation  would  arise.3  So  again  with  the  pneumonia 
which  has  been  observed  as  generally  ensuing  on  injuries  of  the  pneumo-gastric 
nerve.  Professor  Traube,  so  long  ago  as  18*6-7,  made  it  at  least  highly  probable 
that  this  inflammation  owes  its  origin  to  the  circumstance  that,  when  the  action  of 

1  'On  the  Symptoms  and  Morbid  Anatomy  of  Leprosy,'  by  Dr.  H.  V.  Carter:  Transact, 
of  Med.  and  Phys.  Society  of  Bombay  for  the  year  1862. — 'The  progressive  interstitial 
absorption,  the  most  frequent  and  characteristic  mode  by  which  the  hands  and  feet  hecome 
distorted  and  partly  destroyed,  always  commences  at  the  ends  of  the  fingers  and  toes  (like 
the  anaesthesia),  and  it  would  seem  that  the  terminal  phalangeal  hone  is  very  early  affected. 
After  its  removal,  the  altered  nail  and  pulp  are  transferred  by  a  kind  of  involution,  as  it 
were,  to  the  second  segment  of  the  digit,  suhsequently  to  the  first,  which  also  not  unfre- 
quently  disappears,  and  so  destruction  proceeds.  Striking  limitations  of  this  process  to  one 
side,  or  its  greater  progress  there,  are  sometimes  seen,  corresponding  evidently  to  deeper 
implication  of  the  median  or  ulnar  nerves,  or  in  the  foot  to  the  imier  and  outer  plantar.  .  .  . 
Necrosis  of  the  phalanges  is  not  uncommon  ;  it  begins  at  or  near  the  joints,  which  then  he- 
come  swollen,  foul  ulcers  appear  on  their  dorsal  surface,  and  fragments  of  bone,  or  a  whole 
phalanx,  are  extruded  there  ;  hut  this  process,  infinitely  more  unsightly,  though  not  more 
destructive  than  the  first  described,  is  not  so  prevalent  as  supposed :  the  two  may  co-exist. 
In  either  case  the  hand  or  foot  is  mutilated,  nay,  well  nigh  destroyed  ;  in  the  worst  examples 
it  is  doubtful  if  even  the  carpal  bones  remain,  and  a  good  part  of  the  tarsus  may  be  removed 
by  the  same  interstitial  absorption,  accompanied  with  no  pain,  swelling,  or  sores.  .  .  .  The 
occurrence  of  ulcers,  sometimes  large,  deep,  and  foul,  and  of  local  gangrene,  may  be  referred 
to  a  combination  of  accidental  causes  and  deficient  nervous  influence,  aided  by  exposure  and 
want.' 

2  See  an  abstract  of  these  researches  by  Professors  Grohe  and  v.  Recklinghausen  in  the 
Jahresbericht  (Virchow  u.  Hirsch)  for  1867. 

3  An  admirable  illustration  of  this  experiment  (accidentally  made  of  peculiar  interest  by 
a  cross-union  which  befell  the  divided  nerve-tubule)  is  given  in  abstract  in  the  Berlin 
Centralblatt.  of  1867,  from  a  paper  recently  published  by  Drs.  Eosow  and  Snellen  in  the 
Dutch  Arch,  of  Med.  and  Physiol. 
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the  vagus  is  withdrawn,  irritative  matters  pass  from  the  mouth  into  the  air-tubes; 
for,  not  only  did  he  detect  the  presence  of  such  matters  in  the  inflamed  lung,  but  he 
found  that  when  he  had  prevented  this  cause  of  disturbance  (sometimes  by  cutting 
the  oesophagus  across,  and  sometimes  by  causing  all  respiration  to  go  on  through  a 
tracheotomy-tube)  pneumonia  no  longer  arose  within  the  period  to  which  his  experi- 
ments extended.1  Another  familiar  illustration  of  the  same  kind  is  the  catarrhal 
state  of  urinary  bladder  which  arises  in  cases  of  paralysis ;  the  results  of  attentive 
catheterisui  sometimes  seeming  to  suggest  that  this  inflammation  does  not  depend  on 
any  direct  action  of  the  nerves  on  the  nutritive  changes  of  the  mucous  membrane, 
but  on  the  mere  irritation  of  urine  which  the  paralysed  bladder  is  not  excited  or  is 
not  able  to  expel. 

[The  more  recent  experiments,  however,  of  Ludwig  and  the  other  physiologists 
who  followed  in  the  path  which  he  marked  out,  have  proved  incontestably  the  in- 
fluence of  nerves  on  the  vital  phenomena  of  secretion  and  nutrition  quite  apart  from 
their  influence  on  the  blood-supply  and  quite  apart  also  from  any  sensory  impressions. 
Thus  Ludwig  has  proved  that  nervous  influence  may  bring  about  a  secretion  which 
is  in  abeyance  even  in  glands  cut  out  of  the  body  ;  and  also  that,  by  preventing  the 
escape  of  a  secretion,  the  pressure  in  the  excretory  duct  of  a  gland  may,  under  nerve 
stimulation,  be  raised  above  that  in  the  arterial  branches  supplying  the  gland,  and 
yet  secretion  proceed ;  whilst  Heidenhain  has  demonstrated  changes  in  the  ultimate 
cells  of  the  gland  depending  on  stimulation  of  the  afferent  nerves.'2 

If  it  is  permissible  to  transfer  these  facts,  which  appear  to  be  indisputably  true 
of  the  secreting  glands,  to  the  other  tissues  of  the  body,  we  could  easily  understand 
how  an  injury  to  the  afferent  nerve  might  produce  inflammatory  changes  in  its 
nutrition  directly,  without  denying  the  indirect  influence  which  such  an  injury 
might  also  exercise  by  inducing  reflex  hyperemia,  and  by  exposing  the  part  to  injury; 
Whether  such  trophic  functions  are  a  part  of  the  endowments  of  ordinary  nerves,  or 
whether  there  are  special  trophic  nerves,  is  still  an  unsettled  problem. — T.H.] 

If,  however,  centrifugal  trophic  nerves  are  a  fact  in  the  organisation  of  the  body, 
we  should  inquire  with  particular  interest  whether  such  nerves  are  subject  to  reflex- 
affection  ;  and  in  this  point  of  view  some  cases  which  Mr.  Salter  has  recently 
published,  among  his  remarkable  collection  of  cases  of  reflex-irritation  produced  by 
dental  disease,  deserve,  I  think,  particular  consideration  :  a  case,  for  instance,  which 
he  entitles  '  superficial  sloughing  of  the  cheek  caused  by  a  carious  tooth-stump ' ; 
another  headed  '  ulceration  of  the  neck  resulting  from  a  carious  dens  sapientise  ' ; 
and  another  where  the  iris  underwent  permanent  change  of  colour  in  connection  with 
dental  neuralgia.3 

4.  In  a  fourth  great  group  of  cases,  inflammation  results  from  certain  abnormal 
properties  of  the  circulating  blood.  And  these  cases  are  of  two  chief  sorts  :  for,  first, 
the  blood  may  be  a  cause  of  inflammation  by  reason  of  certain  deficiencies  in  its  con- 
stitution ;  and,  secondly,  it  may  be  a  cause  of  inflammation  by  reason  of  its  being 
charged  with  some  specific  irritant.  But,  with  both  sorts  equally,  the  blood  is  only 
mediately  and  passively  concerned ;  so  that  for  practical  purposes,  the  cause  of 
the  mal-constitution  of  the  blood  is  to  be  regarded  as  the  cause  of  the  inflam- 
mation. 

First,  as  regards  defective  constitution  of  the  fluid,  there  is  abundant  truth  in  the 
popular  belief  that  '  poor  blood  '  causes  many  inflammations,  and  that  the  tissues  of 
ill-nourished  persons  are,  when  injured,  apt  to  inflame  in  more  than  common  pro- 
portion to  the  hurt  inflicted  on  them.  Not  only  by  the  classical  experiments  of 
Magendie  and  Chossat,  but  by  histories  of  national  famine,  and  habitually  by  those 

1  Beitriiye  zur  experiment.  Path.  u.  Phys.  184G.  Entgegnwng  auf  die  Eimoilrfe  etc.  Roser's 
und  "Wunderlich's  Arch.  vii.  0,  1848. 

2  See  Hermann's  Physiology  by  Gamgee.  These  changes  in  the  nutritive  cells  of  the 
part  from  stimulation  of  the  nerve  would  be  at  once  explained  if  Ptiuger's  views  of  the 
connection  of  the  ultimate  branches  of  the  nerves  with  those  cells  were  substantiated.  At 
present,  however,  they  are  unconfirmed. 

3  Guy's  Hospital  Reports,  third  series,  vol.  xiii. 
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instances  of  semi-starvation  which  not  even  a  well-administered  system  of  poor-laws 
can  altogether  prevent,  we  thoroughly  know  that  living  textures  can  be  starved 
into  inflammation. 

Privation  of  nitrogenous  food  is  a  principal  influence  of  the  class  now  being 
considered.  The  corneal  ulcers  which  in  Magendie's  1  experiments  were  observed  to 
arise  in  dogs  fed  exclusively  on  sugar,  are  important  cases  in  point ;  and  many  of 
the  external  inflammations  which  occur  so  profusely  among  the  poor  are  probably  of 
similar  origin.  But  the  well-known  facts  of  sea-scurvy  show  that  absence  of  nitro- 
genous food  is  not  the  only,  dietetic  fault  which  may  lead  to  disorganisation  of 
texture  :  and  it  has  been  said,  though  not  put  beyond  controversy,  that  scurvy 
depends  on  privation  of  vegetable  food  only  in  so  far  as  this  privation  implies  an 
absence  of  potash  from  the  diet.2  Liebig  has  made  thoughts  like  this  common  in 
agricultural  science,  and  it  certainly  deserves  inquiry  whether  any  human  inflam- 
mations, called  idiopathic,  may  be  explained  on  such  a  basis  :  whether,  for  instance, 
some  of  those  which  are  vaguely  called  '  scrofulous  ' — the  sore  eyes,  the  sore  ears, 
the  sore  noses,  the  whitlows,  the  congested  and  catarrhal  mucous  membranes,  which 
so  abound  among  ill-nourished  children — may  perhaps  depend,  not  generally  on  the 
deficient  belly-full  of  food,  but  distinctively  on  the  absence  or  insufficiency  of  one  or 
two  chemical  elements. 

It  is  a  very  interesting  question  to  determine  by  what  manner  of  action  different 
kinds  of  privation  are  able  to  produce  inflammatory  excitement  in  the  tissues  which 
they  thus  affect.  In  the  present  state  of  knowledge,  the  only  conceivable  explana- 
tion is  that  the  excitement  is  secondary  ;  that  a  certain  quantity  of  textural  death  is 
the  primary  and  direct  result  of  the  privation ;  and  that  this  first-occurring  effect 
leads  to  the  other  as  its  consequence. 

Before  quitting  the  subject  of  defective  nutrition  as  a  cause  of  inflammation,  it  is 
necessary  to  observe  that  textural  starvation  may  be  partial.  Obliteration  or 
narrowing  of  certain  arteries — not  enough  to  cause  gangrene  in  mass,  but  enough 
almost  entirely  to  exsanguinate  the  affected  part — may  cause  chronic  inflammatory 
phenomena.  It  seems  probable,  too,  that  the  ulceration  which  is  so  frequently 
attendant  on  varicose  veins  of  the  lower  extremity  is  of  somewhat  analogous  origin ; 
for  in  these  cases  the  local  circulation  of  blood  is  materially  interfered  with- — not 
indeed  as  being  stinted,  but  as  being  rendered  stagnant ;  and  tissues  which  cannot 
renew  their  supply  of  blood  are  physiologically  circumstanced  almost  as  if  blood 
were  withheld  from  them. 

Extreme  cases  of  ulceration  from  arterial  obstruction  are  so  infrequent  that  the 
following  case,  which  was  under  my  care  in  St.  Thomas's  Hospital  in  1858-9,  per- 
haps deserves  to  be  stated  at  some  length  : — ■ 

'  E.  P.,  set.  thirty-six,  had  been  under  observation  for  twenty  months  before  his  death, 
which  took  place  on  February  9,  in  St.  Thomas's  Hospital.  During  this  time  he  had  been 
subject  to  a  peculiar  phagedsenic  process,  under  which  he  had  lost  most  of  the  left  side  of  his 
face.  The  disease  began  in  the  lower  eyelid,  and  soon  involved  the  globe  of  the  eye  ;  it  then 
extended  downwards,  destroying  the  soft  parts  and  exposing  the  malar,  maxillary,  and 
nasal  bones,  which  crumbled  away  in  successive  small  sequestra ;  eventually,  having  opened 
largely  into  the  nasal  and  buccal  cavities,  it  attacked  the  base  of  the  skull,  and  thus  (after 
many  months  of  extreme  suffering)  produced  death  by  intra-cranial  inflammation.  The 
destruction  did  not  advance  uniformly  ;  it  was  effected  by  successive  little  acts  of  sloughing, 
which  alternated  with  feeble  efforts  of  repair,,  and  at  every  access  left  the  patient  with  a 
larger  and  deeper  excavation.  There  was  no  infiltration  of  surrounding  textures ;  nor  did 
the  granulations,  when  they  formed,  ever  tend  in  the  smallest  degree  to  exuberance.  The 
meaning  of  the  disease  was  not  arrived  at  during  life.  Before  the  case  came  under  my  care, 
an  opinion  had  been  expressed  that  it  was  cancerous ;  but  the  character  of  the  sore  was,  I 
thought,  conclusive  against  this  view.  The  man  having  undoubtedly  suffered  syphilis,  sus- 
picions were  entertained  that  this  taint  might  be  the  cause  of  his  local  suffering  ;  and  various 
anti-syphilitic  drugs  were  unsuccessfully  tried.  On  post-mortem  examination,  it  appeared 
certain  that  the  intractable  local  disease  had  been  a  starvation-phenomenon  resulting  from 
obstruction  of  arteries.  Of  the  three  vessels  arising  from  the  arch  of  the  aorta,  the  left 
subclavian  was  completely  obliterated  by  an  old  firmly-adherent  plug  nearly  an  inch  in 
length,  the  left  carotid  communicated  with  the  aorta  by  an  aperture  only  just  capable  of 

1  See  his  Precis  de  Physiologie. 

2  See  Dr.  Garrod  in  Edinburgh  Monthly  Journal,  1848. 
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admitting  an  ordinary  probe,  and  the  origin  of  the  innominate,  was  reduced  by  encroaching 
deposit  to  one-third  of  its  normal  calibre.  Beyond  their  points  of  origin,  these'  arteries  were 
of  proper  size  and  contained  but  little  atheroma.  The  heart  was  healthy  ;  but  the  coats  of 
the  thoracic  aorta,  along  its  whole  length,  were  so  much  loaded  with  earthy  deposit  as  to 
crackle  under  pressure.  The  brain  was  everywhere  perhaps  somewhat  softer  than  natural, 
but  with  no  difference  in  this  respect  between  its  two  hemispheres.  The  lateral  ventricles 
were  distended  with  a  turbid  purulent  fluid;  the  lining  membrane  was  opaque,  and  the 
tseptum  softened  almost  to  diffluence.  The  base  of  the  brain  was  coated  with  a  layer  of  soft 
yellowish  lymph,  especially  abundant  in  the  middle  line  and  on  the  under  surface  of  the 
middle  lobe._  The  dura  mater,  corresponding  to  the  latter  portion  of  brain,  was,  for  about 
two  square  inches,  much  discoloured,  and  had  its  arachnoid  surface  covered  with  lymph 
The  bone  beneath  it  was  necrosed  to  the  extent  of  about  a  shilling.'  A  case  which  has  mauy 
points  of  resemblance  to  the  preceding  is  given  by  Mr.  Savory  in  vol.  xxxix.  of  the  Medico- 
Chirurg.  Transactions. 

Secondly  (as  above  stated)  inflammation  may  be  caused  by  blood  which  contains 
abnormal  irritating  ingredients.  When,  for  instance,  arsenic,  improperly  applied  to 
an  external  sore,  produces  its  characteristic  effects  on  the  gastric  mucous  membrane, 
or  when  the  application  of  a  common  blister  produces  strangury,  the  remote  effect 
depends  on  the  drug  having  been  received  into  the  circulation  ;  and  it  is  from  the 
contact  of  a  blood  thus  poisoned  that  the  stomach  or  the  kidney  inflames.  Similarly 
if  serous  inflammations  and  vomiting  and  purging  are  incidental  to  those  later  stages 
of  Bright's  disease  wherein  the  kidneys  are  almost  incapable  of  secretion,  this  is 
because  the  blood,  charged  with  the  essentials  of  uneliminated  urine,  is  an  irritant  to 
organs  which  it  supplies. 

A  matter  of  much  interest  in  the  working  of  many  common  poisons  through  the 
blood  is  the  evidence  thus  afforded  of  their  different  textural  affinities  ;  for,  in  what- 
ever way  arsenic  or  cantharides  be  introduced  into  the  blood,  there  is  always  the 
same  gastric  or  urinary  irritation,  and  (up  to  a  certain  intensity  of  poisoning)  always 
the  same  immunity  of  other  organs.  This  electiveness  of  stimulant  action  is  not 
confined  to  a  few  drugs  having  strongly  marked  poisonous  characters,  but  is  a 
property  so  widely  diffused  as  to  determine  the  common  classification  of  our  Materia 
Medica ;  being,  in  fact,  the  basis  of  our  definition  of  '  purgatives,' '  emetics,' '  diuretics,' 
'  emmenagogues,'  and  so  forth.  And  though  our  knowledge  that  certain  drugs 
specially  affect  certain  organs  is  of  course  not  intentionally  applied  to  the  object  of 
exciting  inflammation  in  the  organs  which  we  can  thus  attack,  it  is  very  extensively 
applied  to  the  object  of  stimulating  them ;  and  we  frequently  have  opportunities  of 
seeing  this  effect  carried  to  a  pitch  where  it  at  least  verges  on  inflammation. 

It  may  be  convenient  in  passing  to  observe  that  apparently  not  all  drugs  with 
definite  textttral  affinities  are  stimulants  to  the  organs  on  which  they  act.  Almost 
of  a  certainty,  there  are  some  which  exert  a  directly  opposite  action,  and  which 
therefore,  if  they  ever  cause  inflammation,  do  so  only  (after  the  manner  of  cold  and 
anaemia)  by  a  power  of  depressing  textural  vitality  to  the  point  of  textural  death. 
Again,  a  well-known  and  striking  instance  of  textural  affinity  is  that  of  madder  for 
growing  bone ;  but  here  there  is  no  evidence  to  show  that  the  or  dinary  process  of 
ossification  is  in  any  way  affected  by  the  colouring  matter  which  the  texture  appro- 
priates :  and  there  are  similar  cases,  where,  in  the  course  of  slow  metallic  poisoning, 
particular  organs,  both  secreting  and  non-secreting,  get  specially  imbued  with  the 
metal,  yet  do  not  during  this  process  show  any  excitement  of  function. 

As  regards  the  governing  principle  of  these  curious  elective  affinities,  there  seems 
every  reason  to  believe  that  they  are  subject  to  the  ordinary  laws  of  chemical  com- 
bination ;  that  in  each  case  the  drug  is  attracted  by  something  chemically  distinctive 
in  the  texture  on  which  it  acts ;  and  that  the  resulting  stimulation  or  depression  of 
the  texture's  vital  activity  corresponds  to  a  definite  affection  of  the  texture's  chemical 
being,  probably  to  mere  increase  or  decrease  in  its  previous  rate  of  transformation 
and  decay.  As  a  physiological  corollary  of  this  argument,  it  may  be  expected — and 
practice  confirms  the  expectatiorr — that,  where  an  organ  is  specially  acted  on  by  a 
drug,  the  drug  shall  be  chemically  demonstrable  in  the  organ  or  in  its  secretion. 
And,  subject  only  to  such  limitations  as  are  imposed  by  the  imperfections  of  our 
means  of  analysis,  it  may  probably  be  said  that,,  wherever  inflammation  is  caused  by 
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irritants  acting  through  the  blood,  such  irritants  admit  of  being  shown  in  the  products 
of  the  inflammation. 

In  the  study  of  agents  which,  when  in  the  blood,  exert  specific  powers  of  textural 
irritation,  very  particular  notice  is  due  to  some  which  effect  this  result  by  acting 
after  the  manner  of  Ferments.  Possibly  there  are  drugs  which  act  in  this  manner  ; 
but  the  familiar  and  proven  instances,  which  here  require  special  mention,  are  those 
of  the  so-called  '  Morbid  Poisons,'  alternately  the  products  and  the  causes  of  various 
specific  inflammations.  The  inhaled  '  something '  which,  after  a  fortnight's  lingering 
in  the  body,  covers  the  skin  and  mucous  membranes  with  the  pustules  of  small-pox, 
or  developes  the  cutaneous  blotches  and  respiratory  irritation  of  measles,  or  sets  the 
skin  and  kidneys  desquamating  and  the  tonsils  sloughing  with  scarlatina,  is  as  real 
an  exciting  cause  of  inflammation  as  any  stab  or  bruise  or  burn.  But  between  the 
two  cases  there  is  this  difference  :  in  order  that  stab  or  bruise  or  burn  shall  cause 
inflammation,  no  bodily  pre- disposition  (except  the  fact  of  being  alive)  is  necessary  ; 
but  in  all  living  persons  alike,  on  a  certain  quantity  of  the  hurt,  inflammation 
assuredly  results ;  whereas,  on  the  other  hand,  the  morbid  poisons  are  inoperative, 
as  exciting  causes  of  inflammation,  except  where  there  is  a  definite  bodily  predisposi- 
tion—the contagium  of  small-pox  or  measles  or  scarlatina  having  no  more  power  to 
influence  the  un-predisposed  body  than  yeast  has  power  to  ferment  alcohol,  or  to 
turn  pure  water  into  beer. 

Between  morbid  poisons  and  the  common  poisons  and  drugs  before  spoken  of, 
there  is  this  further  difference  :  arsenic  and  scammony,  for  instance,  as  soon  as  the 
blood  brings  them  into  contact  with  the  textures  on  which  they  operate,  produce 
results  proportionate  to  their  quantity,  and  by  doubling  or  quadrupling  the  dose,  we 
can  double  or  quadruple  the  effect ;  whereas  with  small-pox  and  scarlatina  and 
measles,  the  characteristic  inflammations  often  appear  quite  without  proportion  to 
the  original  dose  of  ferment — whether  some  infinitesimal  whiff  of  contagion  from  a 
passing  patient,  or  the  closest  attendance  in  an  atmosphere  saturated  with  odours  of 
the  disease.  The  intensity  of  effect  is  essentially  dependent  on  the  amount  of  bodily 
predisposition  which  the  dose  of  contagion  encounters.  And  it  is  a  further  expres- 
sion of  this  dependence  to  say,  that  the  morbid  poisons  require  '  incubation '  within 
the  body ;  not  overtly  acting  at  once,  when  absorbed,  as  though  they  were  the  direct 
producers  of  inflammation,  but  manifesting  their  influence  after  days  or  weeks  of 
latency,  during  which  the  bodily  predisposition  has  been  gradually  fructified  by  their 
power.  Evidently,  then,  what  has  to  be  said  of  these  morbid  poisons  may  best  be 
said  when  the  predisposing  causes  of  inflammation  are  generally  under  review. 

Here,  too,  it  is  requisite  to  mention,  as  a  fact  in  close  pathological  connection 
with  those  just  referred  to,  that  there  are  certain  well-marked  inflammations, 
wherein,  commonly  speaking,  textural  predisposition  is  the  one  notorious  fact,  and 
exciting  causes  altogether  elude  discovery.  Such,  for  instance,  is  the  common 
paroxysm  of  gout;  seldom  associated  with  any  local  action  of  an  ordinary  exciting 
cause  of  inflammation,  but,  when  thus  associated,  always  showing  distinctive  phe- 
nomena which  imply  a  previously  exceptional  state  of  tissue.  These  cases,  like  the 
last,  may  be  more  conveniently  studied  in  connection  with  the  predisposing,  than 
with  the  exciting  causes  of  inflammation. 

5.  It  remains  to  be  mentioned  (and  the  fact  must  at  present  be  kept  separate 
from  facts  of  morbid  poisons  acting  through  the  blood)  that  in  various  cases  inflam- 
mation arises  as  the  effect  of  direct  contagion. 

Everybody  knows,  for  instance,  that  if  two  almost  invisible  scratches  be  made  in 
the  skin,  one  with  a  clean  lancet,  the  other  with  a  lancet  on  which  previously  there 
has  been  collected  a  minute  quantity  of  secretion  from  a  vaccine  vesicle,  or  from  a 
primary  syphilitic  sore,  the  one  scratch  will  have  no  appreciable  result,  while  the 
other  (except  under  circumstances  which  need  not  now  be  referred  to)  will  assuredly 
develope  a  peculiar  train  of  inflammatory  phenomena,  due  to  the  inoculation  which 
has  been  practised.    Or,  if  a  little  _gononhoeal  pus  finds  its  way  into  the  orifice  of  a 
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healthy  urethra,  or  on  to  the  surface  of  a  healthy  conjunctiva,  there  straightway 
begins,  in  the  membrane  thus  acted  on,  an  inflammatory  process  which  often  is  of 
great  severity.  Mr.  Robert  Ceely  tells  me  that  he  has  twice  by  inoculation  suc- 
ceeded  in  communicating  ordinary  herpes  of  the  lip. 

It  has  been  too  much  the  practice  to  regard  these  as  exceptional  facts  in  the 
history  of  inflammation,  and  to  deem  them  sufficiently  accounted  for  when  cow-pox, 
chancre,  and  clap  are  designated  '  specific  '  diseases.  Waving  for  the  moment  any 
discussion  of  what  constitutes  the  undoubted  '  specificity  '  of  the  first-named  two  in- 
flammations, it  may  on  good  grounds  be  asked  with  regard  to  gonorrhoea,  whether 
it  be  anything  more  than  a  common  inflammation  of  the  affected  membrane — an 
inflammation,  which  perhaps  first  originated,  and  may  with  infinite  frequency  re- 
originate,  from  local  accidents  of  dirt  and  lust ;  and  which,  having  thus  originated, 
shows  a  more  communicable  character  than  some  other  catarrhal  inflammations — 
than  common  cold  in  the  head,  for  instance — only  because  genitals  come  into  inocula- 
tive contact  more  frequently  than  eyes  and  noses.  In  the  writer's  opinion  there  is 
ample  reason  to  question  the  popular  impression,  that  only  '  specific  '  inflammations 
are  communicable ;  much  reason  for  suspecting  it,  on  the  contrary,  to  be  a  generic 
and  essential  property  of  inflammation  that  its  actions  (or  some  of  them)  are  always 
in  their  kind  to  some  extent  contagious. 

Inflammations  of  the  conjunctiva  are,  in  this  point  of  view,  especially  deserving 
of  study.  It  has  been  extensively  imputed  to  them  that  they  are  communicable; 
and  although  Dr.  Mackenzie  reserves  the  title  of '  contagious  ophthalmia'  for  that 
severest  variety  which  has  been  popularly  known  as  Egyptian,  he,  in  strong  terms, 
claims  the  property  of  contagiousness  for  the  common  catarrhal  ophthalmia  of  this 
country.  Dr.  Guillie  proved  the  contagiousness  of  the  infantile  ophthalmia  on  which 
his  experiments  were  made  ;  Sir  Patrick  Macgregor's  large  experience  furnished  him 
with  many  instances  where  apparently  common  ophthalmia  displayed  contagious 
properties  ;  and  the  testimony  of  these  two  writers  might  properly  be  here  quoted, 
were  it  not  that  the  following  facts  seem  briefly  to  exhaust  all  sources  of  doubt  on 
the  subject.  Among  ophthalmic  surgeons,  especially  in  Germany,  there  has  been  a 
practice  of  treating  that  vasculo-nebulous  state  of  cornea  which  is  called  parmua  by 
artificially  superinducing  an  attack  of  acute  ophthalmia,  and  the  agency  which  has 
been  employed  for  this  purpose  has  been  the  insertion  of  some  contagious  secretion. 
It  is  obvious  that  this  method  of  treatment  gives  extensive  opportunities  for  testing 
the  communicability  of  various  inflammations ;  and  many  such  experiments  are 
referred  to  in  Dr.  Piringer's  work  on  ophthalmia.1  This  author  states  that  in  his 
own  experience,  including  a  few  cases  in  which  his  assistant  had  acted  for  him,  he 
had  87  times  (i.e.  operating  on  87  eyes  of  52  different  patients)  succeeded  in  exciting 
conjunctival  inflammation  by  the  contact  of  an  inflammatory  product;  that  the 
material  for  the  operation  was  taken — in  29  cases  from  eyes  with  infantine  ophthal- 
mia, in  11  cases  from  eyes  with  gonorrhceal  ophthalmia,  in  2  cases  from  the  urethra 
of  a  boy  aged  three  and  a  half  years,  in  40  cases  from  eyes  with  acute  decidedly  non- 
gonorrhceal  ophthalmia,  in  2  cases  from  the  eye  of  a  child  with  acute  palpebral  oph- 
thalmia, in  3  cases  from  eyes  with  old-standing  chronic  ophthalmia.  The  evidence 
of  such  experiments  becomes  (as  Dr.  Piringer  observes)  overwhelming,  when  it  is 
considered  that,  in  performing  them,  the  secretion  was  often  carried,  as  we  carry 
vaccine  lymph,  over  a  considerable  distance  from  case  to  case ;  and  that  symptoms 
of  ophthalmia  not  only  always  began  within  a  few  hours  of  the  operation,  but  began 
only  in  that  eye  which  had  received  the  morbid  material.  Obviously  then  there  is 
no  sense,  except  one  involving  a  petitio  principii,  in  which  the  word  'specific'  can 
be  applied  to  those  communicable  conjunctival  inflammations.  And  if  they  were 
not  '  specific '  but  '  common  '  inflammations,  where  is  the  reason  for  believing  that 
the  communicability  of  gonorrhoea  constitutes  it  a  '  specific  '  disease  ? 

Of  great  importance  to  the  present  argument  are  the  facts  of  simple  pyaemia, — 
i.e.  the  phenomena  which  result  from  the  passage  of  mere  clean  pus  into  the  circula- 
tion, as  distinguished  from  those  more  complex  and  more  rapidly  fatal  results  which 

1  Die  Blermorrhcea  am  Menschenauge.    Gratz,  1811. 
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arise  when  the  pus  is  admixed  with  softening  fibrin  and  other  putrescent  matters. 
If  clean  pus  be  so  introduced  into  a  vein  that  it  passes  onward  with  the  stream  of 
blood,  it  gets  mechanically  arrested  in  the  next  capillaries  to  which  the  circulation 
carries  it,  and  there  leads  to  the  formation  of  abscess  ;  and  as  further  intravascular 
diffusion  of  pus  proceeds  from  this  source,  other  abscesses  arise  wherever  that  pus  is 
carried.  Thus,  for  example,  when  pus  accidentally  passes  up  the  vein  of  an  extremity, 
its  corpuscles  get  more  or  less  completely  caught  in  the  capillaries  of  the  lungs,  and 
produce  in  those  organs  the  earliest  effects  of  their  introduction  ;  while  such  of  them 
as  elude  that  first  filter,  together  perhaps  with  younger  forms  of  pus  which  the 
arrested  corpuscles  have  occasioned  to  be  developed  in  the  lung,  pass  by  the  pulmon- 
ary veins  into  the  aortic  circulation,  are  diffused  by  many  arteries  to  many  parts  of 
the  body,  and  give  rise  to  the  multiple  suppurations  which  are  so  characteristic  of 
pyaemia.  Similarly,  when  the  infective  entrance  of  pus  is  into  some  vein  of  the 
digestive  system  (as,  for  example,  into  a  mesocolic  or  inferior  mesenteric  vein,  in 
connection  with  the  ulcers  of  dysentery),  the  first  stoppage  of  the  inflammatory 
product  is  made  by  the  capillaries  of  the  liver,  and  hepatic  abscess  is  the  immediate 
result;  the  lung  suffering  only  in  proportion  as  pus  passes  onward  to  it  from  the 
liver,  and  other  organs  suffering  only  in  proportion  as  the  left  ventricle  transmits  to 
them  a  purulent  blood  from  the  pulmonary  circulation.  Here,  then,  primarily, 
secondarily,  and  tertiarily,  are  facts  of  inflammatory  contagion ;  whithersoever  the 
pus  is  carried,  there  unfailingly  it  produces  suppuration — so  unfailingly  that,  as  has 
been  said,  '  if,  by  way  of  experiment,  you  inject  a  little  pus  into  a  vein,  you  are  able 
to  foretell  the  result  just  as  certainly  as  if  you  transferred  a  handful  of  frog's  spawn 
from  one  ditch  to  another.' 

But  there  are  other  facts — facts  almost  obtrusively  familiar  in  daily  practice — 1 
which  have  hardly  yet  been  appreciated  in  their  bearing  on  the  present  subject. 
What  is  the  meaning  of  the  ordinary  '  sympathetic'  diffusion  of  inflammatory  excite- 
ment in  the  body  1  When,  for  instance,  in  order  to  make  an  issue  (say,  with  moxa), 
we  burn  a  piece  of  skin  the  size  of  a  sixpence,  why  do  the  surrounding  textures  to 
the  size  of  a  dollar  or  more  show  that  they  have  been  disturbed  1  and  why  do  the 
nearest  lymph-glands  become  somewhat  swollen  and  sensitive  1  Why,  when  inflam- 
mation is  produced — say,  in  the  skin  and  cellular  membrane  of  a  finger — by  the  im- 
paction of  a  splinter  of  wood,  does  not  this  inflammation  confine  itself  to  the  particles 
of  texture  which  are  in  contact  with  the  wood?  why  does  it  go  on  spreading,  hour 
after  hour,  in  wider  and  wider  circles,  dying  \way  as  vaguely  in  the  distance  as  the 
undulations  of  ruffled  water  ?  and  why,  two  feet  off,  do  the  lymph-glands  in  the  axilla 
swell,  and  grow  painful  and  tender,  and  not  unfrequently  suppurate  ] 

Here  are  two  striking  facts  of  inflammatory  contagion.  On  the  one  hand,  as 
regards  the  spread  of  inflammation  according  to  continuity  of  tissue,  the  fact  can 
scarcely  be  stated  in  any  other  setiological  form  than  this — that  such  particles  of 
texture  as  are  directly  affected  by  causes  of  inflammation  become  capable  of  exciting- 
inflammation  in  particles  with  which  they  have  contact;  and  the  fact,  thus  stated, 
embodies  the  whole  doctrine  contended  for.  On  the  other  hand,  the  fact  that  lymph- 
glands  in  connection  with  an  inflaming  part  are  themselves  always  more  or  less 
thrown  into  excitement,  is  assuredly  not  less  suggestive  :  for,  between  the  primarily 
inflamed  finger  and  the  secondarily  inflaming  gland  in  the  axilla,  there  is  but  one 
conceivable  course  or  vehicle  of  influence  ;  and,  since  the  only  essential  ground  of 
sympathy  between  the  two  parts  consists  in  the  fact  that  the  one  of  them  naturally 
receives  material  from  the  other  (namely,  those  redundancies  of  local  exudation 
which  at  last  return  as  lymph  to  the  blood),  we  have  no  alternative  but  to  i*egard 
this  material  as  the  exciting  cause  of  the  secondary  inflammation — no  alternative 
but  to  admit  that  the  lymph  of  an  inflamed  pai-t  is  imbued  with  contagious  proper- 
ties, which  enable  it  in  its  course  towards  the  circulation  to  become  an  irritant  to 
the  lymph-glands  where  it  arrives. 

It  seems  probable,  then,  that  the  excitement  of  tissue  which  constitutes  inflam- 
mation is  a  state  which  essentially  tends  to  diffuse  and  equalise  itself,  like  heat 
and  other  dynamical  undulations ;  that  the  '  sympathy  '  of  continuous  parts  in  one 
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another's  inflammation,  the  'sympathy'  of  lymph-glands  in  the  inflammation  of  parts 
whence  they  receive  lymph,  the  'sympathy'  of  the  liver  with  intestinal  pyaemia,  the 
'  symjjathy  '  of  the  lung  with  caval  pyaemia,  the  '  sympathy '  of  numberless  parts  with 
aortic  pyaemia,  the  'sympathy'  of  the  entire  blood  and  thereby  of  the  entire  body  in 
every  larger  inflammatory  excitement,  are  cases  which  illustrate  the  operation  of 
this  tendency  within  the  limits  of  a  single  organism ;  while  the  facts  of  gonorrhceal 
and  ophthalmial  '  contagion  '  apparently  show  that  the  same  power  may  operate 
beyond  the  first-affected  organism,  and  that,  at  least  under  favourable  circumstances, 
the  products  of  common  inflammation,  transferred  from  person  to  person,  can  carry 
with  them  enough  excitement  to  cause  new  inflammation  where  they  go. 

If  then  this  be  the  case,  what  difference  is  there,  in  respect  of  the  property  of 
contagiousness,  between  common  and  specific  inflammations  1  The  materials  for 
generalising  on  this  subject  are  hitherto  so  imperfect  that  it  would  seem  presumptuous 
to  do  more  than  suggest  the  following  considerations  : — 

first,  that  iii  order  for  common  communicable  inflammation  to  be  communicated 
from  part  to  part  or  from  person  to  person,  no  predisposition  is  requisite,  nor 
apparently  anything  more  than  that  the  inflammatory  products  of  the  first  part  or 
person  shall,  while  still  living  and  active,  have  sufficient  immediate  contact  with 
dynamical  elements  of  tissue  in  the  second  part  or  person  ;  whereas,  in  contrast  to 
this,  the  specific  inflammations  cannot  engraft  themselves  by  cutaneous  inoculation 
(any  more  than  their  inhaled  ferments  can  become  operative  through  the  blood), 
except  where  certain  textural  predispositions  exist ;  1 

secondly,  that  the  contagiousness  of  common  communicable  inflammation  seems 
to  be  in  some  special  way  relative  to  corpuscular  development,  and  the  contagium  to 
be  inherent  in  growing  forms  .  whereas  the  contagiousness  of  the  specific  inflamma- 
tions seems  rather  relative  to  their  destructive  acts,  and  the  contagium  to  reside  in 
defunct  and  dissolving  organic  compounds ;  2 

thirdly,  that,  in  like  manner,  the  susceptibility  to  common  communicable  inflam- 
mation seems  to  reside  in  the  common  vitality  of  the  germs  of  textural  growth ; 
whereas  the  susceptibility  to  specific  contagions  seems  contingent  (as  will  hereafter 
be  shown)  on  the  parenchymatous  presence  of  lifeless  or  relatively  lifeless  organic 
compounds — compounds,  which  the  various  specific  contagia,  acting  on  them  after 
the  manner  of  ferments,  can  convert  into  their  own  respective  likenesses  and  thus 
exhaust  from  the  tissue  which  contains  them ;  and, 

fourthly  (as  though  by  reason  of  these  differences),  that  in  the  products  of 
common  inoculated  inflammation  the  predominance  of  pus  is  a  marked  and  probably 
essential  fact ;  whereas  the  specific  contagia  seem  not  to  produce  suppuration  except 
by  indirect  inessential  ways,  and  there  are  well-known  cases  where  the  products  of 
specific  inoculation  tend  to  become  inert  almost  in  proportion  as  they  become  cor- 
puscular. 

[Leaving  the  above  passages  as  they  stood  in  the  editiou  of  1860,  I  may  now,  nine  years 
later,  advert  to  the  province  of  the  specific  contagia  as  one  in  which  the  aetiology  of  inflam- 
mation has  of  late  been  particularly  cultivated,  and  if  not  yet  with  final  results,  at  least 
with  most  interesting  prospects.  From  a  period  somewhat  anterior  to  1860,  the  kindred 
chemical  subject-matter  of  common  fermentative  and  putrefactive  changes  has  been  under 
the  most  critical  investigation  and  controversy  ;  especially  as  regards  the  question  whether 
these  chemical  changes  are  in  any  relation  of  effect  or  cause  to  the  multiplying  microscopic 
forms  which  popular  observation  connects  with  them  ;  and  (according  to  the  common  rule 
which  makes  controversy  hot  in  proportion  as  proof  is  difficult)  the  old  battle  of  so-called 
'  spontaneous  generation '  has  been  raging  in  these  years  with  extraordinary  ardour  amid  the 
subtleties  and  experimental  difficulties  of  that  perhaps  insoluble  question.    It  would  be 


1  Mr.  Robert  Ceely  tells  me  of  cases  where  he  has  seen  eczema  proving  itself  contagious 
among  members  of  the  same  family,  whose  predispositions  may  probabl  y  be  similar. 

a  Familiar  illustrations  of  what  is  here  stated  as  to  the  specific  contagia  may  be  found  in 
the  microscopy  of  vaccine  and  variolous  lymph,  in  their  early,  as  distinguished  from  their 
later,  stages.  And  recently  Mr.  Henry  Lee  (Med.-Chir.  Transact,  vol.  xlii.  p.  450),  dealing 
with  the  subject  from  an  entirely  different  point  of  view,  has  noticed  that  simple  inoculable 
chancres  furnish  a  discharge  of  pus,  while  chancres  which  can  produce  secondary  syphilis, 
discharge  nothing  but  debris. 
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foreign  to  the  purpose  of  this  book  to  refer,  except  in  the  most  general  terms,  to  the  opposite 
views  of  MM.  Pasteur  and  Pouchet  on  the  origin  of  such  organic  forms  as  are  in  question,  or 
to  the  difference  which  still  exists  between  followers  of  Schwann  and  followers  of  Liebig  as 
to  the  relation  of  such  forms  to  the  accompanying  chemical  process ;  but  passing  reference 
to  them  is  necessary,  because  our  present  section  of  the  aetiology  of  inflammation  is,  in  another 
point  of  view,  also  a  section  of  that  great  discussion.  As  it  was  alleged  by  Schwann  that 
alcoholic  fermentations  result  from  the  growth  of  the  yeast-plant  in  the  fermentable  material, 
and  as  it  has  for  the  last  ten  years  been  contended  by  Pasteur  that  all  other  fermentatory 
changes  (in  the  common  chemical  sense  of  '  fermentation  ')  have  distinctive,  living,  and 
multiplying  forms  as  their  respective  essential  causes:  in  absence  of  the  germs  of  which 
forms,  no  beginning  of  the  respective  chemical  process  will  occur:  so  now,  in  our  pathological 
province,  various  of  the  specific  contagia  are  said  to  be,  in  their  essence,  living  microphytes. 
Especially  Dr.  Hallier  of  Jena,  who  for  the  last  three  years  has  been  always  working  at  the 
subject,  believes  that  he  has  succeeded  in  botanically  identifying  the  contagia  of  eight  most 
important  diseases:  cholera,  typhus,  typhoid,  small-pox,  ovine  small-pox,  vaccinia,  syphilis, 
and  scarlatina.1  An  American  observer,  Dr.  Salisbury,  describes  '  two  new  algoid  vegeta- 
tions,' one  of  which  appears  to  him  '  to  be  the  specific  cause  of  syphilis,  and  the  other  of 
gonorrhoea.' 2  M.  Davaine  has  for  some  time  insisted  upon  bactaridia  as  the  essential 
contagium  of  malignant  pustule  ;  3  and  while  I  am  writing  this  note,  I  find  that  Dr.  Letzerich 
of  Mengerskirchen  describes  a  specific  fungus  as  the  efficient  cause  of  diphtheria.4  There 
has  hardly  yet  been  time  (except,  perhaps,  as  regards  M.  Davaine's  case)  for  much  thorough 
verification  to  be  made  of  the  facts  which  the  just-cited  authors  rely  upon  as  proof  of  their 
doctrine ;  and  even  while  the  facts  are  still  under  examination,  it  may  be  well  to  remember 
that  any  proven  universal  occurrence  of  a  specific  microphyte  in  the  contagium  of  a  given 
disease  would  in  the  first  instance  be  a  fact  susceptible  of  two  different  interpretations ;  and 
that  the  business  of  deciding  between  these  two  would  in  its  way  be  of  the  same  sort  as  that 
over  which  MM.  Pasteur  and  Pouchet  are  still  at  issue.  Meanwhile,  nevertheless,  the 
phytological  study  of  the  contagia  may  be  productive  of  practical  results.  Just  as  the  pre- 
sence or  absence  of  spermatozoa  furnishes  empirical  ground  for  opinion  as  to  the  fertilising 
power  of  a  given  testial  secretion,  so,  if  recent  statements  are  correct,  we  may  hope  that  it 
will  be  with  each  specific  contagium :  the  microscope,  witli  artificial  culture-experiments, 
enabling  a  priori  judgment  to  be  formed  as  to  the  infectiveness  of  given  products,  and  thus 
affording  a  sort  of  test  of  the  efficiency  of  pretended  disinfectants.  Indeed,  some  of  Pro- 
fessor Hallier's  experiments  on  the  habits  of  his  supposed  noso-fuugi  are  extremely  suggestive 
in  this  direction. 

It  may  here  be  noted  that  researches  of  a  different  sort  from  the  above  have  tended  to 
throw  light  on  the  question  of  the  physical  state  in  which  the  different  specific  contagia  exist. 
Dr.  Sanderson,  in  his  admirable  studies  of  the  cattle-plague,  showed  that  the  contagium 
exists  in  a  state  not  capable  of  diffusion  through  a  dialyser ;  and  more  recently  M.  Cliauveau 
has  shown  that  a  similar  indiffusibility  belongs  to  the  vaccine  contagium,  and  to  the  conta- 
gium of  ovine  small-pox.5 — J.  S.  1870.] 

(b)  Determining  Causes  of  Inflammation,  considered  with  reference  to  their  modes 

of  action. 

Something  may  yet  be  said  towards  simplifying  our  estimate  of  the  determining 
causes  of  inflammatioD.  For  when  these  influences  are  regarded  from  a  physiological 
point  of  view — when  regard  is  had  solely  to  their  respective  modes  of  operation  on 
the  living  body  (and,  of  course,  it  is  thus  alone  that  they  can  be  pathologically 
classified — it  seems  that  they  are  no  longer  so  various. 

Inflammation  may  have  its  starting-point  from  any  undue  production  of  textural 
death  :  '  undue  production  of  textural  death,'  because  probably  in  every  normal 
textural  change  some  textural  death  is  latent,  some  supersession  of  the  organic 
material  which  acts,  some  going  away  of  what  is  effete,  some  room-making  for  what 
is  new.  From  any  undue  production  of  this  textural  death,  inflammation,  it  seems, 
may  originate — equally,  whether  the  texture  have  received  mechanically  or  chemically 

1  Dr.  Hallier's  observations  as  to  most  of  the  diseases  named  in  the  text  are  contained  in 
one  pamphlet,  Parasitologiscfie  TJntersuchunyen,  Leipzig,  1868. 

2  American  Journal  of  Medical  Sciences,  1868.  In  the  same  journal,  in  1866,  Dr.  Salis- 
bury had  aimed  at  proving  that  intermittent  and  remittent  fevers  are  caused  by  the  spores  of 
certain  species  of  Palmellae  ;  and  in  1862  (also  in  the  same  journal),  he  had  sought  to  show 
that  measles  can  be  caused  by  fungi  of  straw. 

3  See  particularly  Comptes  rendus  de  VAcad.  lix.  1864. 

4  Virchow's  ArcJiiv,  vol.  xlv.  Heft  3,  dated  Jan.  28,  1869. 

5  I  have  thought  it  better  to  leave  this  note  as  Mr.  Simon  wrote  it  in  1870,  as  an  in- 
teresting trace  of  the  progress  of  knowledge  and  research  in  this  particular. — [T.  H.] 


80 


INFLAMMATION. 


some  direct  and  sudden  death-blow  of  an  instantly  disorganising  kind,  or  have  been 
more  gradually  brought  to  death  by  powers  distinctly  stimulant  or  depressive. 

The  characteristic  power  of  stimulants  and  depressors  over  the  textures  on  which 
they  act — the  power  of  simply  causing  those  textures  to  give  more  or  less  of  their 
respective  typical  manifestations  in  form  or  function — this  power  belongs  only  to 
certain  doses  of  the  agent.  When,  for  instance,  increasing  heat  or  increasing  cold  is 
applied  to  any  part  of  the  body,  the  result  is,  that,  within  a  certain  range  of  tempera- 
ture, the  heat  progressively  excites  without  otherwise  changing,  and  the  cold  pro- 
gressively reduces,  without  otherwise  changing,  the  normal  activity  of  the  texture 
on  which  it  acts ;  but  if,  in  either  direction,  this  range  of  temperature  be  exceeded, 
the  texture  no  longer  responds  to  different  degrees  of  stimulation — no  longer  gives 
that  essential  sign  of  life. 

Model  illustrations  of  this  argument  (at  least  as  regards  function)  might  be 
adduced  from  Dr.  Pickford's  very  interesting  experiments  on  the  actions  of  heat  and 
cold  upon  the  movement  of  the  heart ;  1  and  the  same  sort  of  thing  in  respect  of 
ciliary  motion  (with  isolated  epithelial  cells)  is  well  shown  by  Mr.  Lister  in  his 
paper  '  On  the  Early  Stages  of  Inflammation.' 

The  modus  operandi  of  cold,  in  its  power  of  producing  inflammation,  may  be  best 
illustrated  by  some  experiments  which  I  performed  in  March,  1860.  Having  occasion 
in  hospital  practice  to  make  some  issues  (such  as  are  commonly  made  with  potash  or 
nioxa).  I  used,  in  three  cases,  an  application  of  solidified  carbonic  acid.  With  the 
intense  cold  of  this  contact,  effected  through  a  gutta-percha  tube,  and  maintained  in 
the  three  cases  respectively  for  periods  of  5^,  16,  and  40  minutes,  the  skin  almost 
immediately  became  so  frozen  as  to  ring  like  metal.  In  from  14  to  20  minutes  after 
the  application  had  ceased,  the  frozen  textures  had  completed  their  thaw.  Blood  re- 
entei-ed  them.  A  swelling,  singularly  like  that  of  urticaria,  then  occupied,  but  only 
transiently,  the  exact  area  which  had  been  acted  on,  and  was  soon  lost  in  a  general 
puffy  swelling  which  extended  for  some  distance  around.  With  all  this,  the  part  was 
entirely  without  sensibility.  Inflammation  presently  set  itself  up  in  the  surrounding 
parts  ;  but  the  part  on  which  the  cold  had  acted  remained  without  signs  of  life,  and 
in  due  time,  having  meanwhile  suffered  no  inflammation  nor  recovered  any  sensi- 
bility, underwent  separation  as  a  slough. 

And  as  with  heat  and  cold,  so,  it  seems,  with  all  kindred  influences.  Beyond  a 
limited  range  of  operation  (be  it  chemical,  mechanical,  or  what  not)  the  agencies  of 
textural  excitement  and  the  agencies  of  textural  depression  become  indiscriminately 
the  agencies  of  textural  death ;  bringing  the  affected  elements  of  tissue  into  a  state 
from  which  they  cannot  return  to  their  normal  irritability — a  state  regarding  which 
it  now  matters  not  whether  it  have  come  on  them  by  over-stimulation  or  over- 
depression.  For  they  being  essentially  dead,  the  organ  to  which  they  belong  can 
only  (if  at  all)  recover  its  effectiveness  by  substituting  other  elements  in  their  place. 
And,  as  the  need  for  substitution  is  of  course  proportionate  to  the  void  produced  by 
death,  so  the  consequent  action  ranges  in  magnitude  from  the  greatest  inflammatory 
processes  to  the  impalpable  doings  of  health. 

Omitting  for  the  moment  such  influences,  mechanical  or  chemical,  as  are  instantly 
destructive  and  disorganising  (though  in  fact  they  also  fall  within  the  scope  of  what 
is  about  to  be  said),  every  determining  cause  of  inflammation  acts  primarily  after  one 
of  the  two  patterns  referred  to  : — like  heat,  it  operates  as  a  textural  stimulant ;  or 
like  cold,  it  acts  as  a  textural  depressor.  According  to  these  two  types,  the  deter- 
mining causes  of  inflammation  must,  at  least  provisionally,  be  classified. 

Of  the  depressive  type  our  knowledge  is  much  less  than  of  its  opposite — so  much 
less,  that,  were  it  not  for  the  perfection  of  the  typical  case,  we  might  hesitate  to  rest 
an  argument  on  its  reality.  But  with  the  analogy  of  cold  to  guide  us,  as  illustrated 
in  the  experiments  1  have  cited,  we  can  scarcely  doubt  but  that  the  power  of  local 
ansemia  to  cause  inflammation  is  exerted  after  the  same  pattern.    Nor  can  we  have 

1  '  Ueber  das  Verhaltirisa  der  Ilypcraemie  zu  deni  Scbmerze/  in  Ilenl.  u.  Pfeuff.  Zeitschr.  f. 
ration.  Medizin,  vol.  x.  1801. 
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difficulty  in  believing  that  drugs  which  depress  the  functional  activity  of  textures 
may,  in  larger  doses,  be  capable  of  killing  the  textural  elements  which  they  affect,  and 
of  thus  becoming  causes  of  inflammation.1 

Under  the  stimulant  type  are  included  all  the  most  familiar  causes  of  inflamma- 
tion— not  only  heat,  which  (as  before  mentioned),  when  insufficient  to  inflame  the 
parts  on  which  it  acts,  increases  their  growth  and  promotes  their  activity  ;  but  like- 
wise mechanical  influences,  which,  in  less  degree  than  that  wherein  they  irritate 
or  destroy,  may  be  used  (as  friction  is  habitually  used)  to  excite  healthy  textural 
action  ;  and  chemical  agencies — increased  oxidation,  for  instance,  which,  if  it  be  not 
enough  to  inflame,  excites  the  healthiest  manifestations  of  life. 

By  what  method  of  operation  it  is  that  textural  death,  however  produced,  and  in 
whatsoever  proportion,  becomes  provocative  of  textural  renewal,  we  know  not. 
Respecting  large  palpable  quantities,  indeed,  we  constantly  have  opportunities  of 
observing  that  dead  texture  is  as  a  foreign  body  to  the  parts  about  it.  But  it  would 
be  hard  to  believe  that  inflammation  arises  only  in  the  mere  mechanical  irritativeness 
of  particles  primarily  killed.  The  laws  of  textural  sympathy  are  so  very  imperfectly 
known  to  us  that  strong  assertions  would  here  be  out  of  place ;  but,  even  amid  the 
obscurity,  it  seems  an  almost  necessary  expression  of  organic  unity,  that 
formative  actions  should  arise  in  any  segment  of  the  organism  in  reparative  response 
to  sub-segmentary  death.2  If  this  be  so,  we  may  expect  that,  in  proportion  as  either 
a  depressing  or  a  stimulating  influence  becomes  excessive  and  mortiferous  to  any 
portion  of  texture,  the  mother-texture  will  as  of  necessity  '  sympathise,'  yet  sympa- 
thise in  but  one  way  :-— that,  whether  a  stimulant  gradually  excite  the  textural 
elements  from  hypertrophy  to  death,  or  a  depressive  gradually  reduce  them  from 
languidity  to  death,  in  either  case  pari  passu  the  mother-texture  will  be  making  its 
efforts  of  hypertrophy.  Thus  apparently  the  fact  has  to  be  explained,  that,  in 
examining  textures  which  have  undergone  a  not  too  explosive  inflammation,  we 
find  in  profusion  among  their  dead  elements,  elements  which,  before  death,  had 
been  engaged  in  efforts  of  overgrowth.  And  thus  also  comes  the  fact,  that,  fading 
away  into  the  distance  all  around  any  focus  of  inflammation,  there  are  seen  abundant 
signs  of  simple  hypertrophy  unmixed  with  signs  of  degeneration. 

2.  Predisposing  Causes  of  Inflammation. 

There  are  certain  influences,  which,  though  not  themselves  essentially  of  an 
irritant  kind,  often  co-operate  with  determining  causes  in  producing  inflammation  : 
influences,  namely,  which,  if  they  have  possession  of  the  body  before  certain  other 
agents  approach  it,  render  it  specially,  or  even  distinctively  and  exclusively,  liable  to 
be  inflamed  by  such  agents  :  so  that  the  various  amounts  of  inflammation  excited  in 
different  persons  by  equal  quantities  of  a  given  determining  cause  measure  the 
various  degrees  in  which  those  persons  respectively  were  possessed  by  such  '  predis- 
posing '  influences.  Likewise  it  is  observed  that  inflammations  produced  in  different 
persons  by  similar  determining  cavises,  differ,  not  only  in  the  quantity,  but  to  some 
extent  in  the  quality  of  the  process ;  also  that  certain  inflammations  have  specific 
peculiarities  which  cannot  be  exclusively  referred  to  peculiarities  in  their  determining 
causes ;  and  whatsoever  in  these  various  cases  is  differential  or  specific  obliges  us  to 
infer  the  influence  of  '  differential  or  specific  predispositions.' 

1  Undoubtedly  this  is  the  case  with  some  drugs  of  the  opposite  class — strychnine,  for 
instance.  This  drug  is  not  familiarly  recognised  as  capable  of  inflaming  the  spinal  cord, 
because,  when  it  is  given  in  sufficient  doses  to  produce  such  an  effect,  the  subject  of  experi- 
ment dies  before  inflammation  can  arise.  But  that  such  is  its  tendency  may  be  inferred 
from  the  observations  of  Prof,  van  der  Kolk  (infra,  p.  35)  as  to  the  microscopical  state  of  the 
cord  in  animals  poisoned  with  strychnine. 

2  Not  only  with  reference  to  inflammation,  but  equally  with  reference  to  such  hyper- 
trophy as  is  illustrated  in  the  overgrowth  of  over-used  muscle,  and  generally  with  reference 
to  all  similar  actions,  the  eetiological  formula  seems  to  lie  in  these  two  propositions: — 1) 
that  textural  waste  is  the  provocative  of  textural  renewal ;  and  2)  that  the  effort  of  renewal 
aims  at  effects  somewhat  beyond  an  exact  restitution  of  the  wasted  quantity  of  texture- 
aims  at  restoration  luith  increase. 
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Under  the  title  of  '  predisposing  causes  of  inflammation '  must  accordingly  he 
included  all  those  influences  which  (other  things  being  equal)  make  one  man  or  one 
tissue  apter  than  another  to  initiate  an  inflammatory  disease,  or  to  suffer  it  in  a  par- 
ticularly intense  or  particularly  spreading  form,  or  with  a  particularly  long  duration, 
or  with  a  particular  tendency  to  recurrence,  or  with  a  tendency  to  develope  parti- 
cular properties  in  its  products,  or  other  particular  phenomena  in  its  course.  In 
other  words,  the  student  must  consider  not  only  what  predisposes  to  inflammation 
generally,  but  likewise  what  predisposes  to  special  forms  and  varieties  of  inflam- 
mation. 

The  influences  which  may  be  most  distinctly  recognised  as,  in  the  above  sense, 
predisponent  to  inflammation  are  the  following : — chronic  inanition,  exhaustive 
diseases  and  old  age  ;  local  disease  of  arteries,  local  obstruction  of  veins,  and  local 
defects  of  innervation  ;  the  fact  of  a  part's  having  previously  been  inflamed  ;  an  over- 
fed state  of  body ;  the  over-use  of  strong  drinks ;  the  ingestion,  by  breathing  or 
otherwise,  of  decomposing  organic  matters ;  heat  of  climate,  a.nd  perhaps  other 
climatic  conditions  ;  specific  incidents  of  bodily  development,  either  (as  the  so-called 
humoral  dyscrasies)  morbidly  occurring  in  particular  persons  and  families,  or  (as 
the  several  susceptibilities  to  certain  febrile  infection)  normal  to  the  human  body  at 
particular  periods  of  life. 

It  is  evident  that  these  various  influences  could  not  take  part  in  causing  or 
modifying  inflammation,  unless  first,  somehow  or  other,  they  acted  in  the  very  tissues 
which  inflame.  It  is  an  instructive  part  of  the  study  of  inflammation  to  consider, 
even  at  some  length,  what  is  the  nature  of  this  local  action  by  which  each  of  them 
becomes  efficient ;  for  the  result  of  such  considerations  is  to  render  it  almost  certain 
that,  many  and  various  as  are  the  enumerated  influences,  their  modes  of  operation 
are  only  such  as  one  or  two  general  principles  can  explain. 

Weakness  of  molecular  constitution — not  '  weakness  '  in  a  mechanical  sense,  but 
'  weakness '  in  the  sense  of  '  readiness  to  die  under  the  action  of  stimulants  and 
depressors ' — this  probably  is  the  prime  local  condition  which  predisposes  to  inflam- 
mation ;  and  constitutional  influences  seem  capable  of  conducing  to  the  result  only 
in  proportion  as  they  lead  to  the  local  establishment  of  this  textural  or  molecular 
weakness.  The  above-given  list  shows  us  indeed  at  a  glance,  as  predisponent  to 
inflammation,  various  influences  which  notoriously  are  of  a  devitalising  kind ;  and 
detailed  inquiry  renders  still  more  manifest  the  connection  which  is  thus  suggested. 

By  lowerings  of  temperature  which  would  not  much  affect  healthy  textures,  the 
textures  of  the  ill-fed  and  aged  and  feeble  are  easily  depressed  to  gangrene;  and 
equally  it  is  the  case  that  they  inflame  under  comparatively  slight  degrees  of  excite- 
ment. And  as  this  inflammation  probably  starts  from  a  too  easy  exhaustion  and 
death  of  the  stimulated  texture,  so  likewise  in  its  course  it  is  essentially  marked  by 
the  predominance  of  destructive  processes;  ulceration  and  gangrene  tending  in  such 
cases  to  reach  some  of  their  highest  developments.  The  chronic  inanition  of  poverty, 
with  the  impoverishment  of  blood  and  consequently  defective  nutrition  of  tissues 
which  it  occasions,  is  effectually  imitated,  sometimes  with  further  causes  of  textural 
weakness,  in  persons  whom  disease  has  exhausted  ;  and  in  these  persons,  equally 
with  the  poor  and  aged,  the  textures  ar  e  readily  thrown  into  inflammation  :  witness  tho 
facility  with  which  a  fever-patient  gets  bed-sores,  as  compared  with  some  unexhausted 
patient  (say,  with  simple  fracture  of  the  lower  extremity)  who  lies,  equally  bed-ridden, 
beside  him.  Evidently  too,  as  regards  particular  segments  of  the  body,  arterial  or 
venous  obstruction  or  arterial  rigidity  must  occasion  defects  of  nourishment  very 
comparable  to  those  which  result  from  general  starvation  ;  and  it  is  the  fact  that 
parts  having  their  circulation  of  blood  thus  interfered  with,  are,  like  common  starved 
tissues,  -prone,  when  irritated,  to  considerable  inflammatory  destruction.  That  parts 
deprived  of  their  normal  innervation  are  predisposed  to  inflame,  and  that  this  inflam- 
mation is  particularly  apt  to  involve  much  destruction  of  tissue,  are  facts  which 
already  have  been  discussed,  and  in  illustration  of  which  it  is  only  necessary  here  to 
quote  the  rapid  and  extensive  gangrene  which  Sir  Benjamin  Brodie  has  seen  arise 
in  paralysed  parts  when  suffering  even  the  most  inconsiderable  pressure: — 'After 
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injuries  of  the  spinal  cord,  mortification  from  pressure  is  very  readily  induced.  In 
a  case  in  which  the  spinal  cord  is  injured  in  the  middle  of  the  back,  you  may  find, 
almost  before  you  suspect  that  there  is  anything  wrong,  a  great  slough  over  the 
sacrum — nay,  the  pressure  of  the  mattress  on  the  ankles  will,  in  such  cases,  produce 
the  same  mischief.  I  have  known  mortification  begin  in  the  ankle  within  twenty- 
four  hours  after  an  injury  of  the  spine.'  1 

It  is  very  characteristic  of  all  the  influences  now  specially  referred  to  as  '  predis- 
posing '  to  inflammation,  that  (sometimes  perhaps  erroneously,  but  often  also  by 
right)  they  figure  likewise  among  '  determining  causes '  of  the  process.  For,  when 
pushed  to  excess,  not  only  do  they  enable  inflammation  to  be  excited  by  determining 
causes  which  are  almost  inappreciably  slight ;  but  even  they  can  themselves  become 
direct  causes  of  fatal  textural  depression,  and  thus  secondarily  develope  that  inflam- 
matory excitement  which  arises  in  sympathy  with  textural  death. 

That  textures  which  once  have  been  inflamed  are  specially  apt  to  inflame  again, 
is  partly  due  to  the  fact,  that  (particularly  with  dyscrasial  inflammations)  the  old 
exciting  cause  is  apt  again  to  operate.  Partly  also  it  is  due  to  the  fact,  that,  in 
suffering  inflammation,  they  may  have  permanently  lost  substance,  and  thenceforth 
have  become  adequate  only  to  lower  functional  requirements  than  before.2  But  in 
part  also  it  probably  is  due  to  the  fact,  that,  in  battling  with  the  previous  inflamma- 
tion, not  only  were  textural  elements  killed,  but  other  textural  elements  were 
wounded  and  weakened ;  whence,  during  the  survival  of  these  damaged  elements, 
slighter  local  disturbances  suffice  to  re-initiate  inflammation. 

Both  with  reference  to  some  cases  which  already  have  been  mentioned,  and  still 
more  with  reference  to  others  which  will  presently  be  discussed,  it  seems  highly 
probable  that  the  textural  predisposition  to  inflame  is  immediately  dependent  on 
chemical  peculiarities  in  the  texture.  And  the  peculiarity  which  seems  above  all 
others  to  be  influential  for  the  result  is  that  kind  of  chemical  mobility  which  depends 
on  the  texture's  being  at  the  time  saturated  with  certain  unstable  (though  quiescent) 
products  of  textural  waste.  It  needs  not  to  be  argued  that  the  due  defpecation  of  the 
body  is  as  important  to  it  as  its  food.  But  in  the  present  context  the  student  will 
do  well  to  reflect  particularly  on  the  immense  amount  and  complexity  of  those  mole- 
cular changes  which  silently  and  almost  secretly  minister  to  the  defalcation  :  how 
the  material  of  every  acting  organ  changes  in  every  act,  by  waste  as  also  by  renewal ; 
how  products,  which  eventually  appear  more  or  less  altered  and  oxidised  in  the 
breath  and  sweat  and  urine  and  fasces,  ar^  uninterruptedly  being  thus  disengaged 
and,  as  it  were,  moulted  from  the  living  textures ;  how,  while  the  body  grows  its 
healthy  growth,  these  declining  products  are  incessantly  merging  themselves  in  the 
blood  which  washes  past  their  source — merging  themselves  in  it,  not  as  urea  and 
carbonic  acid  and  excretin,  but  in  impermanent  forms  infinitely  more  complex.  Re  - 
fleeting  on  those  many  runlets  of  textural  drainage,  each  with  its  own  protean  consti- 
tution of  effete  devitalised  material,  the  student  will  easily  conceive  how  important  a 
mal-condition  it  may  be  for  any  of  them  to  remain  stagnant  amid  the  living 
substance,  instead  of  continuing  its  progress  to  excretion  ;  and  he  will  be  prepared 
to  follow  with  interest  the  analysis  of  cases  in  which  apparently  this  imperfect 
defsecation  of  tissue  constitutes  the  local  predisposition  to  particular  forms  of  inflam- 
mation. '  Specific  incidents  of  bodily  development,  either  morbidly  occurring  in 
particular  persons  and  families,  or  normal  to  the  human  body  at  particular  periods 
of  life,'  were  cited  among  influences  which  predispose  to  inflammation.  And,  since 
those  developmental  conditions  are  probably  of  the  kind  just  referred  to,  the  proposed 
analysis  may  conveniently  begin  within  them  :  taking,  to  illustrate  the  two  sorts  of 
conditions,  first,  the  pathology  of  gout;  and,  secondly,  the  pathology  of  those 
eruptive  fevers  which  happen  to  most  persons  once,  but  only  once,  in  life. 

1  See  Sir  Benj.  Brodie's  Led.  on  Path,  and  Surg.,  p.  309. 

2  With  the  kidneys,  for  instance  :  supposing  a  quantity  of  structure  to  have  been  perma- 
nently destroyed  by  scarlatinal  inflammation,  any  subsequent  diuretic  influence  would  have 
to  work  by  the  instrumentality  of  a  smaller  quantity  of  glandular  structure.  It  would 
consequently  affect  that  structure  more  intensely,  and  with  more  likelihood  of  causing 
inflammation,  than  if  it  were  operating  on  the  original  amount  of  gland. 
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Gouty  inflammation  is  characterised  by  an  explosive  local  appearance  of  uric 
acid;  and,  on  consideration  of  the  circumstances  under  which  this  explosion  occurs, 
the  inference  suggests  itself,  that  materials  transformable  into  uric  acid  were 
previously  accumulated  in  the  texture  which  inflames.  Perhaps  this  conclusion 
might  not  seem  fully  justified  if  regard  were  only  had  to  the  cases  in  which  gouty 
inflammation  begins  without  any  known  action  of  a  determining  local  cause ;  but 
the  fact  is  notorious  that,  in  podagrous  subjects,  any  common  irritative  influence 
which  causes  the  foot  to  inflame  (a  blow,  a  sprain,  an  overwalking)  may  cause  it  to 
inflame  '  specifically  ' — i.e.  may  cause  an  explosive  appearance  of  uric  acid  where,  in 
common  inflammation  of  equal  intensity,  there  would  be  merely  disintegrated  tissue ; 
and  we  cannot  but  apply  this  fact  to  the  elucidation  of  obscurer  cases.  Further, 
the  local  facts  of  gout  have  to  be  considered  in  connection  with  certain  points  in  the 
general  chemistry  of  the  gouty  body ;  and  among  such  points  the  one  of  the  most 
present  interest  is,  that  habitually  dur  ing  the  incubation  or  latency  of  gout,  there  is 
an  imperfect  urinary  defalcation  of  the  system.  That  an  imperfect  formation  of 
urinary  constituents  is  at  the  root  of  this  imperfect  discharge  of  them  seems  in  the 
highest  degree  probable.  Taking  then  summarily  (so  far  as  relates  to  our  present 
subject)  the  facts  of  gouty  inflammation,  it  seems  that  certain  nitrogenous  matters 
which  ought  continuously  to  flow  off  more  or  less  oxidised  by  the  kidneys  are,  in 
persons  of  gouty  habit,  apt  to  be  withheld  from  their  final  conversion ;  that  in  this 
state  of  interrupted  transformation,  wherein  perhaps  their  solubility  and  transud- 
ability  are  imperfect,  they  linger  saturatingly  in  those  textures  of  the  body  where 
their  conversion  has  been  slowest  (most  of  all  in  extreme  parts),  and  probably  to 
some  extent  also  in  the  blood ;  that  this  storing-up  of  certain  unripe  ingredients,  or 
rather  antecedents,  of  the  urinary  excretion,  constitutes  the  textural  predisposition 
to  gout ;  that  presently  some  pyrexial  or  other  influence,  local  or  general,  acting  as 
a  sudden  stimulus  to  the  languid  transformative  energy  of  the  part,  and  overcoming 
its  chemical  indolence,  initiates  that  explosive  decomposition  into  urinary  ingredients 
which  ought  to  have  been  continuous  and  gentle :  a  decomposition  which,  thus 
beginning  in  a  part,  spreads  in  its  own  sort  to  what  kindred  material  there  is  in  the 
blood  (infecting  it  with  a  modified  inflammatory  fever),  and  thence  extends  its  con- 
tagion to  other  organs  which  are  similarly  predisposed. 

To  place  in  its  proper  light  the  nature  of  that  continuous  chemical  languidity  by 
which  textures  are  prepared  for  the  crisis  of  a  gouty  inflammation,  one  fact  more 
must  be  stated.  The  tendency  to  gout  is  hereditary.  The  plan  of  constitution  and 
development  which  every  organism  derives  from  its  parentage  belongs  to  its  chemical 
not  less  than  to  its  anatomical  being.  And  just  as  the  visible  forms  of  the  body 
shape  themselves  according  to  an  inherited  pattern,  thus,  no  doubt,  may  likenesses  of 
offspring  to  parent  be  traced  also  in  the  chemical  functions  of  the  body  :  likenesses  in 
the  rate  at  which  tissues  waste  into  excrement,  likenesses  in  the  chemical  forms 
through  which  they  pass,  likenesses  in  the  tendency  to  particular  inactivities  and 
abortions  of  chemical  development  and  decline,  likenesses  accordingly  in  those  textural 
predispositions  to  disease  which  are  constituted  by  imperfect  defalcation  of  texture. 

It  was  above  suggested  with  regard  to  the  chemical  contrast  which  subsists  in 
gout  between  the  two  states  of  paroxysm  and  inter-paroxysm,  that  gout  in  that 
respect  may  perhaps  be  the  type  of  a  class  of  diseases.  For  there  are  other  diseases, 
which,  like  gout,  have  as  an  essential  character  that  their  textural  excitement  comes 
on  fitfully,  sometimes  with  almost  explosive  violence:  as  that  excitement  of  a 
nervous  centre  which  marks  the  paroxysm  of  epilepsy  or  mania,  and  that  excitement 
of  articular  or  serous  membranes  which  marks  the  attack  of  rheumatic  fever.  Such 
faint  indications  as  chemistry  can  yet  afford  on  the  subject  suggest  it  as  not  im- 
probable that  these  diseases  may  be  analogous  to  gout  in  the  general  significance  of 
their  phenomena  ;  that  some  impermanent  form  of  textural  refuse,  locally  arrested 
and  accumulated  and  acquiring  chemical  tension,  may,  here  as  in  gout,  be  the  gist  of 
the  state  between  paroxysms ;  and  that  an  explosive  escape  from  this  morbid  repose 
may  be  the  essential  fact  in  a  paroxysm.    In  the  present  state  of  chemical  know- 
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ledge,  these  matters  must  be  spoken  of  with  uncertainty ;  but  what  may  more  con- 
fidently be  stated  is,  that  any  paroxysm  of  the  diseases  referred  to  involves  an  inflam- 
matory change  in  the  affected  texture  :  a  vehement  and  obvious  inflammation  in  the 
case  of  rheumatism,  a  stealthy  and  microscopical  inflammation  in  the  case  of  epilepsy1 
or  mania ;  that  the  predisposition  to  this  inflammatory  process  is  of  gradual  increase 
before  the  attack  ;  that  the  paroxysm  is  a  crisis  of  intenser  chemical  action,  involving 
increased  discharges  (perhaps  specific  discharges)  from  the  body ;  and  that  with  these 
diseases  as  with  gout,  and  probably  for  the  same  physiological  reasons,  the  peculiar 
constitution  which  predisposes  to  the  paroxysm  is  one  which  tends  to  repeat  itself 
according  to  the  laws  of  hereditary  succession. 

The  well-known  phenomena  of  smallpox  may  be  referred  to  as  illustrating  what, 
during  our  present  state  of  knowledge  on  the  subject,  may  be  considered  a  second 
specific  kind  of  textural  predisposition  to  inflammation — that  kind,  namely,  where 
common  exciting  causes  of  inflammation  do  not  seem  capable  of  causing  the  part  to 
inflame  specifically  ;  but  where,  for  the  production  of  this  result,  it  seems  necessary 
that  a  specific  exciting  cause  should  co-operate  with  the  specific  textural  predis- 
position. During  the  febrility  of  small-pox,  the  patient  eliminates  (probably  in 
various  states  or  stages  of  change)  a  quantity  of  material  which  previously  was  in 
the  texture  of  his  integument,  and  in  losing  this  material  he  loses  his  susceptibility 
to  small-pox ;  but  in  order  to  undergo  the  pustular  inflammations  and  attendant 
waste  of  material  which  characterise  small-pox,  it  seems  that  the  predisposed  integu- 
ment must  (either  by  inoculation  or  through  the  blood)  have  been  acted  on  by  the 
waste-products  of  a  similarly  predisposed  integument  already  thrown  into  its  course 
of  specific  change — in  other  words,  must  have  been  contagiously  affected  by  the 
morbid  poison  or  ferment  of  small-pox. 

Small-pox  is  so  typical  a  case  of  specific  contagious  inflammation,  that  the  student 
will  do  well  to  consider  its  facts  somewhat  minutely  in  detail.2  '  You  receive,  per- 
haps from  a  long  distance,  a  lancet,  on  the  point  of  which  is  a  little  dry  animal 
matter.  This  lancet  has  pricked  the  pustule  of  a  patient  suffering  from  small-pox, 
and  the  contents  of  the  pustule  have  been  allowed  to  dry  on  the  lancet.  Now  with 
this  lancet,  you  make  a  single  puncture  in  the  arm  of  a  healthy  person,  not  previously 
defended  by  vaccination  or  otherwise.  And  what  results  ?  On  the  second  day  after 
the  operation  (says  Dr.  Gregory),  if  the  part  be  viewed  with  a  lens,  there  appears  an 
orange-coloured  stain  about  the  incision,  and  the  surrounding  skin  seems  contracted. 
On  the  following  day  a  minute  papular  elevation  of  the  skin  is  perceptible,  which  on 
the  fourth  day  is  transformed  into  a  vesicle  with  a  depressed  centre.  The  patient  per- 
ceives an  itching  in  the  part.  On  the  sixth  day  some  pain  and  stiffness  are  felt  in  the 
axilla,  proving  the  absorption  of  the  virus  into  the  general  mass  of  blood.  Occasion- 
ally on  the  seventh,  but  oftener  on  the  eighth  day,  rigors  occur,  accompanied  some- 
times with  faintishness,  sometimes  with  pain  in  the  back,  headache  or  vomiting. 

1  Professor  van  der  Kolk,  after  poisoning  dogs  with  strychnia,  has  found  the  gray  matter 
of  the  spinal  cord  in  the  lumbar  region  presenting  numerous  small  efl'usions  of  blood  ;  some 
capillaries  having  given  way,  while  others  in  their  neighbourhood  were  distended  to  the 
verge  of  bursting.  And  the  description  which  he  gives  of  the  state  of  parts  of  the  medulla 
oblongata  in  persons  who  have  suffered  from  epilepsy  seems  to  show  that  the  epileptic 
paroxysm  involves  an  almost  equally  vehement  determination  of  blood  to  the  affected  nerve- 
texture,  and  often  leads  to  similar  rupture  of  capillaries.  It  is  noticeable  that  in  each  of  the 
strychno-tetanic  effusions  he  found  a  lighter  central  part,  '  where  (he  says)  perhaps  the 
blood  is  diluted  by  the  subsequent  issue  of  serum  ; '  but  for  which  perhaps  earlier  parts  of 
the  present  paper  may  suggest  a  different  explanation.  See  his  work  on  the  Minute  Struct, 
and  Fund,  of  the  Spinal  Cord  and  Medulla  Oblongata  and  on  Epilepsy,  transl.  (New  Sydenh. 
Soc.)  by  Dr.  Moore. 

2  The  following  quotation  is  from  a  lecture  published  by  the  writer  in  1850,  but  is  taken 
with  a  few  verbal  corrections  and  with  this  modification — viz.,  that  whereas,  in  the  original, 
the  blood  exclusively  is  mentioned  as  the  seat  of  the  material  which  predisposes  to  specific 
contagions,  the  writer,  in  transcribing,  has  altered  all  passages  which  imply  this  doctrine, 
and  has  substituted  words  which  imply  his  present  belief  (adopted  very  soon  after  the  publi- 
cation of  that  lecture)  that  the  blood  does  no  more  than  participate  in  the  possession  of  that 
predisposing  material,  and  that  the  textures  which  are  respectively  acted  on  by  the  specific 
contagion  are  themselves  the  main  seats  of  its  accumulation. 
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The  patient  complains  of  a  disagreeable  taste  in  the  month,  and  the  breath  is  offen- 
sive, soon  after  which  the  eruption  shows  itself.  If  the  patient  have  been  a  woman, 
and  pregnant,  her  foetus  will  generally  have  been  affected,  and,  if  so,  will  have  died. 
Finally,  when  the  eruption  has  developed  itself,  you  find  that  every  one  of  these 
new  pustules  inherits  the  infective  power  of  that  from  which  they  were  developed  ; 
and  thus  from  one  patient  you  can  obtain  enough  of  the  morbid  poison  to  diffuse 
small-pox  throughout  the  habitable  globe  in  an  inconceivably  short  space  of  time. 
( (bserve  this  immense  increase  of  material ;  remember  the  almost  imperceptible  stain 
on  the  original  lancet :  here  you  have  its  material  reproduced  by  a  more  than 
million-fold  multiplication.  Your  patient  having  recovered,  suppose  you  try  to 
infect  him  again  in  the  course  of  a  few  months.  You  charge  your  lancet ;  you  make 
the  puncture  as  before  ;  or  you  make  half-a-dozen  ;  you  accumulate  all  means  of 
infection  about  the  subject  of  your  experiment ;  but  no  longer  will  he  give  a  single 
sign  of  the  specific  affection.  You  have  got  from  him  all  the  phenomena  he  can  give 
in  answer  to  that  particular  reagent.  I  may  compare  his  change  of  condition  to  this  : 
suppose  you  had  a  tumbler  full  of  a  solution  of  carbonate  of  soda,  and  added  an 
excess  of  nitric  acid ;  you  would  get  vehement  effervescence,  more  or  less,  according 
to  the  abundance  of  your  dissolved  carbonate,  and  continuing  till  it  had  effected  the 
complete  disengagement  of  the  gas ;  then — that  particular  moment  having  passed — you 
might  add  nitric  acid  ad  infinitum,  but  not  another  bubble  would  rise.  Just  so, 
your  patient  refuses  to  effervesce  any  more  from  new  infection ;  certainly  for  a  long 
time ;  perhaps  for  the  rest  of  his  life.  You  re-apply  the  same  cause  as  produced  the 
phenomena  before — -identically  the  same  material — and  you  get  a  different  result. 
This  fact  conclusively  proves  that  a  change  has  occurred  in  the  subject  of  your  experi- 
ment ;  a  change  in  him  has  altered  his  relations  to  an  unchanged  exterior  cause  ;  by 
this  personal  change  the  poison  is  rendered  inert  to  him,  while  it  retains  its  activity 
towards  others.  We  have  it' accordingly  demonstrated,  that  for  the  production  of 
the  disease  there  must  be  a  specific  infernal,  as  well  as  a  specific  external  condition  ; 
that  the  former  is  liable  to  be  exhausted ;  and,  as  it  becomes  exhausted  in  the  pro- 
duction of  material  phenomena  (namely,  in  the  generation  of  pustules),  therefore, 
obviously,  it  must  itself  be  a  something  material,  like  that  outward  condition  with 
which  it  co-operates ;  that,  as  the  contagium  of  small-pox  is  a  something  material 
and  tangible,  so  the  susceptibility  to  small-pox  is  a  something  material  and  tangible. 
Of  this  predisposing  material,  whatever  it  may  be,  no  trace  remains  in  the  body 
when  the  disease  has  completed  its  course ;  and  since  the  skin  and  mucous  membrane 
have  been  the  seats  of  those  inflammatory  changes  amid  which  it  has  melted  away, 
there  seems  every  reason  to  believe  that  they  were  its  essential  seats.  It  would 
further  seem  probable  that  the  blood  must  to  some  extent  participate  in  the  same 
possession  ;  that  thus  it  is  able  to  communicate  the  influence  of  inoculation  from  that 
part  of  the  integument  which  has  the  primary  pustule  to  those  other  parts  which 
pustulate  four  or  five  days  afterwards ;  perhaps  also  itself  to  receive  direct  infection 
from  inhaled  contagium,  and  even  in  certain  cases  to  develope  poisonous  products 
with  such  rapidity  as  to  destroy  life  before  cutaneous  pustulation  can  begin.  Thus 
we  get  a  general  formula  for  the  pathology  of  small-pox  ;  a  certain  organic  ferment 
(A)  soluble  and  partially  volatile,  affects  particular  relations  with  (B)  an  ingredient 
of  the  integument  and  blood  :  the  results  of  their  coming  together  are  the  utter  de- 
struction of  B  and  the  immense  increase  of  A.  On  the  one  hand,  the  contagium 
augments  so  much  that  it  is  found  all  over  the  body,  constituting  innumerable 
pustules,  and  contaminating  the  breath  with  its  volatile  miasma ;  on  the  other 
hand,  the  inward  natural  ingredient  of  the  body  simultaneously  diminishes,  and  at 
the  end  of  the  process  is  found  totally  exhausted.  Look  at  this  as  a  chemical  experi- 
ment :  you  add  A  to  B ;  presently  you  find  that  B  has  vanished,  and  that  A  has 
undergone  an  immense  augmentation.  What  is  the  meaning  of  this  ?  What  has 
become  of  B  ?  Whence  has  the  new  A  been  derived  1  It  is  difficult  to  avoid  the 
conviction,  which  arises  with  almost  logical  certainty,  that  the  increase  of  one 
material  and  the  decrease  of  the  other  have  stood  in  essential  mutual  relation  ;  that, 
in  short,  it  has  been  a  process  of  conversion  ;  that  the  essential  relation  of  the  two 
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matters  (that  derived  from  without,  and  that  contained  within  the  body)  has  con- 
sisted in  the  ready  convertibility  of  one  into  the  other  ;  that  the  specific  power  of  the 
contagium  is  its  fermentative  power  of  effecting  this  transformation,  and  no  other. 
Finally,  while  that  convertible  matter,  on  which  the  contagium  of  small-pox  effects  its 
assimilative  change,  does  without  doubt  normally  form  part  of  the  susceptible  integu- 
ment and  blood,  yet  assuredly  it  is  no  essential  constituent  of  them  ;  for  the  patient 
who  recovers  from  small-pox,  though  with  no  demonstrable  trace  of  that  constituent 
in  his  body,  returns  to  at  least  as  good  health  as  before.  It  may  be  added,  too, 
that  in  a  certain  very  small  proportion  of  persons,  this  natural  susceptibility  to  small- 
pox appears  not  to  exist.' 

What  in  such  a  study  as  the  above  is  learnt  of  the  predisposition  to  variolous 
inflammation  may  be  applied,  mutatis  mutandis,  to  the  pathology  of  measles  and 
scarlatina.  With  these  diseases,  as  with  that,  it  seems  probable  that  a  specific  tex- 
ture-held chemical  compound  (representing  some  impermanent,  though  for  the  time 
stationary,  product  of  textural  waste)  constitutes  in  each  case  the  respective  textural 
predisposition  ;—  that  as  the  skin  inflames  with  small-pox  only  because  it  contains, 
and  only  while  it  contains,  in  combination  with  its  texture,  certain  effete  material,  so 
the  tonsils  and  kidneys  inflame  with  scarlatina  only  because  they  contain,  and  only 
while  they  contain,  in  combination  with  their  texture,  certain  other  effete  material ; 
and  so  forth. 

Generally,  then,  respecting  these  textural  predispositions  to  be  inflamed  by 
morbid  poisons,  and  by  most  of  them  (as  a  rule)  to  be  thus  affected  only  once  in  life, 
the  probable  argument  may  be  thus  summed  up.  In  the  first  evolution  of  certain 
textures,  there  normally  arise  certain  waste-products,  which,  it  seems,  under  ordinary 
circumstances,  are  difficult  of  destructive  conversion,  and  therefore  tend  to  an 
indefinite  loitering  in  the  part  or  in  the  system.  As  regards  each  such  stuff  respec- 
tively, one  particular  stimulus  is  always  effectual  to  convert  it — the  contact,  namely, 
of  similar  stuff  already  thrown  into  its  specific  process  of  decay.  Let  this  stimulus 
remain  absent,  and  the  subject  retains,  even  apparently  to  the  end  of  life,  the 
peculiar  susceptibility  which  it  alone  can  awaken  and  extinguish. 1  Let  the  stimulus 
come,  and  forthwith  the  stagnant  material  ferments  more  or  less  explosively, 
commonly  with  destruction  of  tissue,  often  with  destruction  of  life  ;  passing,  while  it 
wastes  from  the  body,  through  a  stage  of  contagiousness  similar  to  that  which  has 
stimulated  its  own  change ;  and  leaving  the  body,  when  this  discharge  is  accom- 
plished, more  or  less  permanently  incapable  of  renewing  the  process,  or  at  least  only 
so  far  capable  of  renewing  it  as  the  predisponent  material  is  capable  of  being 
renewed. 

It  has  been  intimated  that  the  specific  predispositions  here  spoken  of  are  normal 
facts  in  the  development  of  the  body.  To  this  rule  indeed  there  may  be  exceptions, 
as  to  other  rules  in  the  same  category.  Just  as,  by  faulty  development  of  bodily 
forms,  hare-lip  or  spina  bifida  or  twelve  fingers  or  webbed  toes  may  occur  as  an 
exceptional  phenomenon ;  so  it  appears  the  chemical  development  may  exceptionally 
omit  to  complete,  or  not  less  exceptionally  may  hasten  to  renew,  some  one  of  the 
organic  compounds  which  are  respectively  fermentable  by  the  several  morbid  poisons. 
Such  exceptions,  however,  like  the  rule  itself,  mark  the  developmental  source  of  the 
predisposition.  Either  by  falling  short  of  what  is  normal,  or  by  going  beyond 
it,  a  child  may  be  excepted  from  the  rule  of  liability  once  in  life  to  variolous,  rubeolar, 
or  scarlatinal  inflammation,  as  he  may  be  excepted  from  the  rule  of  having  ten 

1  The  existence  of  that  specific  stimulus  may  reasonably  be  considered  to  have  been  an 
accident  in  the  pathological  history  of  man;  for  millions,  no  doubt,  have  reached  the  natural 
term  of  life,  healthy  in  mind  and  body,  to  whom  measles,  or  small-pox,  or  scarlatina  has 
never  come,  hut  who  to  the  very  last  moment  have  retained  their  susceptibility  to  the 
disease.  And  of  two  alternatives  it  may  perhaps  rather  seem  to  have  been  contemplated,  in 
the  scheme  of  construction  for  man,  that  the  ingredients  in  question  should  indefinitely 
remain  in  his  body,  as  inactive,  indifferent  constituents,  than  that,  for  a  normal  process,  they 
should  he  worked  out  of  him  by  the  fiery  ordeal  of  fever.  When  the  contagion  of  measles, 
after  an  absence  of  sixty-five  years,  was  imported  into  the  Faroe  Islands,  the  disease  did  not 
show  itself  as  an  infantine  epidemic,  but  as  an  epidemic  equally  affecting  all  ages  which  were 
junior  to  the  last  visitation. 
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fingers,  or  from  the  rule  of  having  an  uncleft  palate;  and  in  either  case  the 
peculiarity  tends  to  he  hereditary.  As  it  is  with  the  one  child,  so  it  prohably  is 
with  his  brothers  or  sisters  or  some  of  them,  and  so  it  probably  was  with  one  or 
other  of  his  parents  :  it  is  part  of  the  family -likeness  among  them  that  they  do  not 
develope  the  stuff  which  makes  the  liability  to  measles,  or  that  they  develope  again 
and  again  (if  it  be  removed  by  successive  fermentations)  that  other  stuff  which 
makes  the  liability  to  small-pox.  The  tendency  of  particular  families  to  suffer 
particular  infections  with  unusually  great,  or  unusually  slight,  severity,  is  another 
fact  of  the  same  signification.1 

The  kind  of  predisposition  to  inflame  which  consists  in  the  textural  accumulation 
of  unstable  chemical  compounds  is  perhaps  further  illustrated  by  other  influences  in 
our  list.  When,  for  instance,  we  have  the  fact  before  us  that  great  consumers  of 
strong  drink,  on  receiving  slight  local  injuries,  especially  if  the  injury  be  such  as  to 
create  an  open  wound,  are  apt  to  suffer  severe  sloughy  inflammation,  we  cannot  but 
advert  to  what  now  seems  well  established  respecting  the  action  of  alcoholic  stimu- 
lants— that  they  retard  the  excretory  changes  of  tissue,  and  tend  to  produce  an 
artificial  diathesis  in  which  the  organic  substance  is  unduly  loaded  with  refuse. 
Similarly,  that  kind  of  albuminous  plethora  which  exists  in  persons  who  over  feed 
and  under- exercise  their  bodies  is  probably  inconsistent  with  a  due  defalcation  of  the 
system ;  and  this  consideration  naturally  connects  itself  with  the  fact  that  such 
persons  are  peculiarly  susceptible  of  bronchial  and  muscular  inflammations.  So, 
again,  when  we  see  the  infants  of  the  poor  in  crowded  town-dwellings  suffer  many 
times  the  mortality  which  is  natural  to  their  period  of  life,  and  this  mortality  mainly 
from  inflammations,  we  are  reminded  that,  in  the  animalised  atmosphere  of  those 
dwellings,  respiration  can  furnish  no  due  excretory  cleansing  to  the  blood,  nor 
adequately  assist  the  tissues  to  get  rid  of  their  effete  elements.  The  characteristic 
intestinal  inflammations  of  cholera  and  typhoid  fever,  excited  as  each  of  them  is  by 
a  specific  ferment  which  developes  itself  in  the  decomposition  of  excrement,  strongly 
suggest  the  existence  of  specific  textural  predispositions,  natural  or  to  some  extent 
acquired,  and  founded  on  the  textural  presence  of  half-elimiuated  excremental 
material.2  Even  in  that  already-discussed  predisposition  to  inflame  which  is  evinced 
by  ill-Uourished  textures,  and  still  more  in  that  heightened  susceptibility  to  typhus 
which  arises  under  the  influence  of  starvation,  it  seems  probable  that  the  chemical 
conditions  are  of  the  kind  now  spoken  of,  and,  at  least  in  the  latter  case,  are  of 
essential  importance  to  the  result.3    That,  under  many  of  the  circumstances  here 

1  Some  exceptions  to  liability  to  morbid  poisons  are,  I  think,  undoubtedly  due  to  the 
disease  having  been  undergone  in  utero.  A  case  came  under  my  notice  of  apparent  insus- 
ceptibility to  vaccinia,  in  spite  of  repeated  attempts  at  vaccination,  in  an  infant  whose  mother 
during  its  utero-gestation  had  been  re-vaccinated  with  full  effect. 

2  Parts  of  the  mucous  membrane  of  the  intestinal  canal  serve  as  a  great  disinfectant 
influence  for  the  blood  :  foetid  contaminations  of  the  body  almost  invariably  excite  diarrhoea; 
and  it  is  a  well-known  observation  of  dissectors,  that,  in  flatus  voided  from  their  bowels 
they  can  recognise  the  distinctive  stench  of  whatever  putrefying  matter  they  may  have 
been  busied  with — of  human  gangrene,  for  instance,  or  (as  the  case  may  be)  of  porpoise, 
cuttle-fish,  or  dog.  It  is  therefore  probable  that,  in  persons  habitually  exposed  to  putridity, 
those  parts  of  the  mucous  membrane  of  the  intestines  are  constantly  in  a  state  more  or  less 
approaching  saturation  witli  impurities.  The  urban  poor,  for  instance — frequently  dwelling 
in  crowded,  unventilated,  filthy  places,  where  they  breathe  a  faecal  air,  and  sometimes  also 
drink  a  faecal  water,  present  one  great  type  of  such  eases  ;  and  whatever  chemical  changes 
can  occur  in  feecal  matters  removed  from  the  system  may  reasonably  be  expected  to  affect,  in 
persons  thus  circumstanced,  that  intra-textural  excess  of  faecal  or  half-fecal  matter  with 
which  (lie  eliminatory  parts  of  the  intestinal  surface  are  charged  and  sodden.  How  greatly 
such  persons  suffer  from  the  various  diarrhceal  infections  is  now  well  known.  Probably  the 
relations  of  cholera  and  typhoid  fever  to  specific  putrefactions  of  excrement  is  as  definite  as 
that  of  small-pox  infection  to  small-pox  virus;  and  the  affection  of  the  intestinal  mucous 
membrane  by  the  diarrhceal  ferments  represents  the  extension  of  a  putrefactive  process  from 
refuse  matters  without  the  body  to  refuse  matters  within  it. 

3  No  such  ravages  have  been  made  by  typhus  as  when  it  has  been  associated  with  famine 
and,  apparently  by  reason  of  this  association,  has  prevailed  as  a  national  epidemic.  There 
are  analogies  between  the  state  of  persons  dwelling  in  foul  atmospheres  and  the  state  of 
persons  suffering  starvation.  '  The  starved  body,  which  cannot  renew  the  waste  of  its  texture 
by  the  ordinary  resources  of  food,  probably  ekes  out  its  being  and  maintains  the  continuity 
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adverted  to,  there  actually  does  prevail  in  certain  materials  of  the  body  a  less  than 
normal  fixity  of  chemical  constitution,  is  not  altogether  a  conclusion  from  analogy. 
A  very  curious  generalisation  bearing  on  the  subject  was  published  by  Dr.  Inman,  of 
Liverpool,  to  the  effect  that  during  many  states  of  debility  the  patient's  excretions 
are  preternaturally  prone  to  decomposition.1  Dr.  Inman  especially  refers  to  the 
alvine  discharges,  to  the  urine,  and  to  the  organic  matters  which  are  eliminated  with 
the  breath.  And  so  little  is  this  generalisation  an  effort  of  medical  theory,  that 
Dr.  Inman  refers  his  first  reflections  on  the  subject  to  a  hint  given  him  by  a  chemist 
twelve  years  before,  during  some  experimental  deodorisations  of  excrement ;  for 
the  operator  professed  to  estimate  the  magnitude  of  illness  with  which  patients 
were  suffering  by  the  various  amounts  of  putrefaction  which  their  excrements  (some 
hours  after  evacuation)  had  undergone ;  and  he  alleged  that  '  he  had  found,  in  the 
course  of  his  experiments,  that  faeces  decomposed  rapidly  or  otherwise,  according  to 
the  debility  of  the  individual  passing  them.' 

Finally,  with  respect  to  the  climatic  conditions  which  predispose  to  inflammation, 
it  seems  probable  that  they  act  only  by  affecting  that  chemical  mobility  of  which 
so  much  has  been  said.  Thus  it  may  be  that  continuous  atmospheric  deficiencies 
of  ozone  predispose  to  those  inflammations  which  are  contingent  on  imperfect 
defalcation  of  texture.  And  thus  apparently  it  is  that  heat  of  climate  greatly 
favours  the  outbreak  of  all  inflammations  which  arise  in  anything  like  putrid  in- 
fection ;  as  is  illustrated  by  Magendie's  statement 2  that,  by  injecting  into  the  blood 
vessels  two  grammes,  or  even  one  gramme  of  putrid  material,  during  very  hot 
weather,  he  could  produce  death  as  certainly  as  by  injecting  three,  four,  or  even  ten 
grammes  during  winter. 


III.    The  Treatment  of  Inflammation. 


A.    GENERAL  PRINCIPLES. 

Subject  to  explanations  which  will  presently  appeal',  it  may  be  said  that  the  treat- 
ment of  inflammation  has  for  its  immediate  aim  to  reduce  that  excitement  of  tissue 
which  essentially  constitutes  the  disease. 

And  our  endeavours  to  attain  this  object — endeavours  so  various  that  the  detail 
of  them  can  here  be  only  partially  attempted — may,  as  regards  their  nature,  be 
generalised  under  two  heads  which  express  the  main  rational  rules  of  antiphlogistic 
treatment.  These  rules  are  the  following  : — first,  with  cai'eful  regard  to  all  influences 
which  are  operating  on  the  inflamed  part,  to  procure  the  discontinuance  of  the 
special  cause  of  the  inflammation,  and,  as  far  as  possible,  to  relieve  the  part  from  the 
action  of  other  stimulants ;  secondly,  by  direct  and  indirect  action  on  the  inflamed 
part,  to  counteract  there,  as  far  as  possible,  the  working  of  such  irritant  causes  as 
remain  in  operation.  And,  concurrently  with  all  such  etiological  treatment  of  in- 
flammation, this  third  object  also  has  to  be  fulfilled  :  that  the  organised  products 
and  waste-products  of  the  disease,  and  generally  its  complications  and  consequences, 
be  so  dealt  with  as  to  prevent  them  from  re-acting  hurtfully  on  the  part,  or  origin- 
ating other  mischief  to  the  body. 

of  its  organs  by  stuff,  which,  under  ordinary  circumstances  of  nutrition,  would  have  been 
discharged  as  effete.  Thus,  probably,  it  comes  to  consist  to  an  abnormal  extent  of  stale 
material  in  a  state  verging  on  dissolution.  And  just  as  the  rags  of  poverty  may  by  a  touch 
be  torn  asunder,  so  those  half-starved  tissues  which  they  cover  fall  under  very  small  injuries 
into  disproportionate  ulceration  and  gangrene.  The  fact  that  during  times  of  famine  masses 
of  population  are  found  with  their  textures  and  juices  in  this  state  (undefrecated  because 
unrenewed)  may  perhaps  have  something  to  do  with  their  fatal  susceptibility  to  typhus ; 
for,  under  such  circumstances,  the  contagion  of  this  form  of  disease  will  spread  and  multiply 
(like  the  contagion  of  small-pox  amid  an  unprotected  population)  at  a  rate  quite  dispropor- 
tionate to  the  sanitary  defects  of  localities.' — Papers  relating  to  the  Sanitary  State  of  the 
People  of  England,  1858,  p.  xvi. 

1  Foundation  for  a  New  Theory  and  Practice  of  Medicine.    London,  1860,  p.  214. 

2  U  Union  medicate,  1852,  p.  230. 
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1.  To  relieve  the  part  from  causes  of  excitement. 

That  in  famed  parts  spontaneously  tend  to  recovery  as  soon  as  inflamuuj  causes 
are  witlidraum  from  them  is  a  truth  which,  simple  and  rudimentary  though  it  appear, 
is  of  more  fundamental  importance  than  anything  else  which  can  be  said  in  reference 
to  the  treatment  of  inflammation.  And  if  our  knowledge  of  the  causes  of  inflamma- 
tion were  complete,  all  other  than  aetiological  principles  of  cure  would  become 
relatively  insignificant. 

Under  present  circumstances,  however,  there  is  but  one  group  of  cases  in  which 
inflammation  is  knowingly  and  habitually  cured  by  the  mere  withdrawal  of  its 
cause ;  and  fortunately  for  the  surgeon  this  group  lies  for  the  most  part  within  his 
province  of  practice. 

The  chronic  inflammation  which  is  produced  in  the  mucous  membrane  of  the 
bladder  by  the  presence  and  friction  of  an  urinary  calculus,  the  acute  inflammation 
which  begins  in  the  cornea  when  some  small  fragment  of  steel  is  driven  into  its 
texture,  the  repeated  suppuration  and  inveterate  sinuses  which  attend  the  deep- 
seated  retention  of  any  foreign  body,  or  (as  operating  in  the  same  way)  of  sequestra 
of  dead  bone, — these  are  common  illustrations  of  the  group  of  cases  referred  to.  Not 
all  the  pharmacopoeia  of  antiphlogistics  is  so  effectual  in  these  cases  as  the  mere 
mechanical  act  of  removing  the  calculus,  the  splinter,  or  the  sequestrum. 

The  thickening  and  eventually  the  ulceration  of  skin  which  (as  in  the  course  of 
ordinary  corns)  result  from  undue  pressure  and  friction  on  the  surface,  the  inflam- 
mation of  subcutaneous  bursas  under  similar  circumstances,  the  nebulous  state  of 
comea  which  the  scrubbing  of  inverted  eyelashes  produces,  the  ulcers  which  arise  in 
the  varicose  leg  from  the  stagnifying  vertical  pressure  of  an  unvalved  column  of 
blood,  the  bronchitis  which  associates  itself  with  those  various  kinds  of  factory-labour 
wherein  the  workman  has  to  inhale  mechanical  or  chemical  irritants,— these  are 
further  familiar  cases  where  morbid  conditions  are  essentially  co-enduring  with  their 
respective  tangible  causes,  and  are  best  treated  by  the  removal  of  these  causes. 
Taking  from  among  them,  for  example,  the  case  where  an  ulcer  of  the  leg  is  enlarg- 
ing and  deepening  itself  day  after  day  by  uninterrupted  acts  of  inflammation  :  let 
the  patient  be  confined  to  bed  with  his  leg  horizontal  or  raised ;  no  sooner  is  the 
local  circulation  thus  relieved  from  its  previous  mechanical  impediments  than  in- 
flammation ceases  in  the  part,  and  the  foulness  of  the  sore  almost  immediately  gives 
place  to  healthy  granulations  which  attest  the  commencement  of  repair. 

It  is  amongst  the  highest  problems  of  pathology  to  discover  new  groups  of  cases 
capable  of  being  treated,  like  the  above,  by  the  simple  removal  of  their  respective 
causes.  With  the  various  dyscrasial  inflammations,  for  instance,  which  are  now 
treated  exclusively  from  an  empirical  basis,  and  consequently  often  without  success, 
how  great  an  achievement  it  would  be,  if  their  immediate  causes  could  be  made  as 
palpable  as  the  mechanical  causes  just  spoken  of,  and  could,  like  them,  be  distinctly 
aimed  at  and  destroyed ! 

Only  second  in  importance  to  the  principle  of  procuring,  where  possible,  the  dis- 
continuance of  the  special  cause  of  the  inflammation,  is  the  kindred  principle — that 
the  inflamed  part  should  be  as  far  as  possible  relieved  from  the  action  of  other  stimu- 
lants, and  from  all  inconveniences  of  posture. 

Setting  the  inflamed  part  thoroughly  at  rest,  as  regards  the  exercise  of  its  own 
functional  activity,  is  one  great  step  towards  fulfilling  this  rule.  It  is  thus  that,  with 
so  much  advantage,  we  exclude  from  an  inflamed  eye  the  natural  stimulus  of  light. 
It  is  thus  again  that  in  the  case  of  inflamed  joints  (especially  where  there  is  sub- 
articular  caries)  the  simple  expedient  of  thoroughly  immobilising  the  part  by  the 
application  of  an  appropriate  splint  will  often  give  chances  of  recovery  which  cannot 
otherwise  be  obtained. 

But  further  :  so  intimate  is  the  sympathy  between  all  component  parts  of  the 
living  body,  that,  in  order  to  get  the  fullest  measure  of  repose  for  any  one  organ,  it 
is  requisite  that  other  organs  be  restrained  from  exercise.  In  proportion  as  an  in- 
flammation is  considerable,  and  especially  in  proportion  as  it  is  attended  with  febrile 
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symptoms,  we  find  it  of  importance  to  obtain  thorough  quiet  for  all  the  animal 
functions;  to  reduce  to  a  minimum  all  muscular  movements,  all  impressions  on  the 
senses,  all  appeals  to  the  intellect  or  feelings,  and  all  exertions  of  the  will.  Probably 
every  inflammation  admits  of  being  treated  to  most  advantage  when  the  patient 
is  kept  entirely  recumbent ;  but,  at  least  in  every  case  where  there  is  appreciable 
feverishness,  it  is  essential  that  the  patient  keep  bed,  in  a  cool  and  well- ventilated 
apartment,  with  every  kind  of  disturbance  excluded,  and  with  every  available 
facility  for  sleep. 

It  is  necessary  that  the  inflamed  part  be  not  left  in  a  dependent  or  constrained 
posture,  but  be  sufficiently  raised  to  favour  its  return  of  blood ;  and  that,  by  appro- 
priate covering,  it  be  kept  free  from  all  irritative  contact. 

Any  existing  mal-condition  of  body  by  which  inflammation  or  fever  may  be 
aggravated  will  of  course  at  the  same  time  be  attended  to.  And  although  purgative 
medicines  ought  not  to  be  given  as  a  matter  of  routine,  the  surgeon  will  always  have 
regard  to  the  state  of  the  bowels,  and  particularly  will  see  that  vitiated  secretions 
be  not  retained  in  them. 

[Since  the  original  publication  of  this  essay,  the  preventive  treatment  of  inflam- 
mation has  made  immense  strides,  and  has  assumed  an  importance  in  practical 
surgery  which  could  hardly  have  been  even  imagined  at  a  time  when  the  known 
preventible  or  removable  causes  of  inflammation  were  almost  limited  to  foreign  bodies 
and  such  dead  tissues  as  acted  after  the  manner  of  foreign  bodies.  The  researches  of 
Pasteur  and  his  predecessors  into  the  causes  of  putrefaction,  adopted  and  applied  to 
the  phenomena  of  suppuration  by  Lister,  opened  out  a  perfectly  new  field  hi  the 
domain  of  practice.  Assuming  it  to  be  true  that  bacteria  or  microzymes  floating  in 
the  air  are  the  cause,  and  the  sole  cause,  of  fermentation  in  non-living  fluids,  and 
that  such  fermentation  is  the  sole  cause  of  putrefaction,  it  is  argued  that  a  similar 
process  must  go  on  in  the  fluids  of  the  body  in  all  cases  where  wounded  surfaces  are 
exposed  to  the  action  of  the  ordinary  atmosphere,  in  which  such  particles  are  con- 
tinually present  in  infinite  numbers.  Such  a  process  of  fermentation  and  putrefac- 
tion in  the  tissues  of  the  wounded  part,  it  is  argued,  will  or  may  infect  the  mass  of 
the  blood  by  directly  inoculating  it  with  the  products  of  putrefaction  (whether  those 
products  be  the  bacteria  or  microzymes  themselves,  or  only  the  fluids  which  they  may 
secrete),  and  will  or  may  thus  develope  the  various  feverish  complications  which  are 
to  be  described  in  the  sequel  as  modifications,  and  often  fatal  interruptions  to  the 
natural  healing  process — erysipelas,  pysemia,  phagedena,  &c.  Acting  on  this  view, 
Mr.  lister  proposes  to  render  the  atmosphere  innocuous  by  destroying  its  germs,  i.e. 
by  filtering  it  through  a  germicide  solution  as  it  approaches  the  wound.  The  idea  is 
a  novel  one  so  far  as  its  definite  scientific  indications  go.  Previous  surgeons  had,  it 
is  true,  recognised  the  irritating  effects  of  the  admission  of  air  in  general  to  all 
wounds,  and  more  particularly  to  the  cavities  of  the  serous  membranes  and  joints 
and  to  those  of  large  abscesses,  and  had  made  various  attempts  to  exclude  it.  But 
these  attempts  had  been  in  great  measure  unsuccessful,  for  the  total  exclusion  of 
the  atmosphere  is  only  possible  in  such  exceptional  instances  as  involve  only  a  simple 
tapping.  In  all  open  wounds  it  is  practically  impossible.  Again,  it  may  be  said 
that,  not  only  many,  but  all  previous  surgeons  from  the  earliest  periods  had  striven 
after  the  avoidance  of  putrefaction,  had  been  in  one  sense  '  antiseptic  surgeons,'  and 
even  the  very  substances  used  by  Lister  had  been  previously  employed  as  dressings. 
But  the  mere  employment  of  some  lotion  or  dressing  empirically  because  it  has  a 
reputation  as  a  :  nmndifier '  of  the  wound,  or  to  correct  the  fcotor  of  discharge,  is  a 
perfectly  different  thing  from  the  definite  indication  of  rendering  inert  the  impurities 
contained  in  the  air,  or  (if  they  are  regarded  as  alive,  which  they  probably  are) 
killing  them.  The  latter  is  what  Lister  proposed.  It  cannot  be  denied  that  this 
proposal,  tested  as  it  has  now  been  by  nearly  twenty  years  of  experience,  which  have 
ensured  its  adoption  in  every  part  of  the  world,  has  had  such  success  as  to  render  it 
absolutely  necessary  to  inquire  into  the  theoretical  basis  on  which  it  rests.  That 
contagion  is  a  cause  not  only  of  the  specific  forms  of  inflammatory  disease  usually 
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denominated  '  contagious,'  lmt  also  of  innumerable  varieties  of  ordinary  inflamma- 
tion, has  been  sufficiently  stated  at  an  earlier  stage  of  this  essay  (see  p.  25),  and 
the  evidence  which  has  at  present  been  obtained  as  to  the  nature  and  mode  of 
action  of  such  contagia  as  have  hitherto  been  recognised  and  isolated  will  be  found 
fully  discussed  there  and  in  Dr.  Burdon  Sanderson's  essay. 

The  arguments  which  have  been  used  by  those  who  have  dissented  from  the  germ 
theory  of  disease  ought  perhaps  to  be  stated  in  a  work  like  this.  They  may  be 
briefly  put  as  follows  : — Allowing  the  completeness  of  the  proof  of  the  germ  theory 
of  putrefaction  as  applied  to  non-living  things,  this  very  completeness  only  shows 
more  convincingly  that  the  theory  cannot  be  applied,  at  any  rate  cannot  be  rigidly 
applied,  to  living  things.  For  the  absolute  certainty  of  the  process  is  the  veryesseuce 
of  the  theory.  No  putrescible  fluid  fails  to  putrefy  if  exposed  to  the  germs  of  putre- 
faction— and  the  rapidity  and  extent  of  the  pi-ocess  are  distinctly  proportionate  to 
the  quantity  of  germs — at  least  in  similar  fluids.  Therefore,  if  we  regard  a  wound 
merely  as  a  collection  of  putrescible  fluid,  the  contact  of  a  germ-laden  atmosphere 
should  always  excite  putrefaction,  and  the  only  thing  which  ought  to  determine 
the  intensity  of  the  action  ought  to  be  the  quantity  of  the  germs.  But  we  see,  on 
the  contrary,  wounds  exposed  most  freely  to  the  air  for  days  and  weeks  together  and 
yet  not  putrefying — nay  even  doing  so  well  that  many  experienced  surgeons  regard 
such  free  exposure  as  the  best  treatment.  Again,  we  see  that  operations  which 
cannot  be  performed  or  treated  after  the  antiseptic  method — such  as  lithotomy — 
are,  in  healthy  subjects,  very  free  from  danger.  There  are  perhaps  few  operations 
more  free  from  risk  in  the  after-treatment  than  that  for  the  extraction  of  a  foreign 
body  from  the  bladder  of  a  healthy  man.  Again,  it  has  often  been  argued  that,  if  it 
were  true  that  putrefaction  and  all  the  constitutional  complications  of  wounds  can 
follow  on  the  implantation  of  only  a  single  germ  or  bacterium,  the  innumerable 
subcutaneous  injections  which  are  daily  practised  in  every  condition  of  atmosphere 
and  of  patient  must  have  furnished  a  copious  crop  of  such  cases.  In  fact,  some 
surgeons  have  argued  that  under  the  germ  theory  small  wounds  should  be  as  dan- 
gerous as  large  ones.  This  is  hardly  evident,  but  they  should  at  least  involve  serious 
danger  if  the  person  be  regarded  as  susceptible.  Every  day  experience  shows  how 
far  this  is  from  the  truth.  Once  more,  the  process  of  putrefaction  or  fermentation 
will  always  go  on,  so  long  as  there  is  anything  left  to  putrefy  or  ferment.  But  every- 
one knows  that  unhealthy  wounds  constantly  change  to  a  healthy  action  by  some 
influence  acting  fi'om  within,  through  the  patient's  system  ;  and  not  from  without, 
through  the  atmosphere. 

These  and  other  similar  objections  have  been  met  by  the  assumption  that  all 
healthy  persons  are  to  a  great  extent  protected  by  their  own  vital  power  from  the 
action  of  the  atmospheric  germs ;  and  also  that  there  are  various  kinds  of  germs, 
some  of  which  may  be  quite  innocuous,  while  others  are  morbific,  and  that  even  of 
the  latter  there  may  be  many  kinds.  And  some  advance  has  really  been  made 
towards  the  demonstration  of  different  kinds  of  bacteria  and  their  association  with 
different  morbid  states.  Allowing,  however,  all  that  can  be  claimed  under  this  bead, 
it  still  remains  true  that  the  foulest  suppuration  and  the  most  deadly  blood-poisoning 
may  exist  in  cases  where  there  has  been  no  exposure  to  the  atmosphere  of  any  kind ; 
so  that,  even  if  we  admit  that  the  atmospheric  bacteria  are  in  some  cases,  or  even  in 
most  cases,  the  carriers  of  infection,  and  thus  originate  inflammation  which  may 
ultimately  spread  to  the  whole  mass  of  the  blood  and  prove  the  starting  point  of 
general  blood-poisoning,  yet  we  cannot  regard  this  as  a  complete  statement  of  the 
case,  or  think  (as  some  seem  to  imply)  that  the  whole  treatment  of  inflammation  is 
prophylactic,  and  is  included  in  what  has  been  termed  '  a  fight  with  an  infective 
atmosphere.'  All  the  experience  of  surgery  accumulated  during  ages  is  opposed  to 
the  idea  that  all  inflammations  originate  from  outside,  an  idea,  which  would  imply 
that  previous  general  or  local  conditions  of  ill-health  may  be  disregarded,  and  that, 
provided  the  atmospheric  germs  be  excluded,  any  operation  may  be  pi-actised,  or  any 
injury  may  be  received  with  impunity.  Yet  we  may  allow,  and  the  present  writer 
for  his  own  part  is  quite  free  to  allow,  that  the  inflammations  which  originate  in 
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some  morbid  condition  of  the  wound,  produced  by  impurity  of  some  sort  implanted 
from  without,  bear  a  much  larger  proportion  to  those  which  originate  from  within 
than  was  formerly  supposed,  and  consequently  that  the  dressing  and  after-treatment 
of  the  wound  are  far  more  important  as  a  prophy lactic  measure  than  the  older  surgeons 
believed.  The  immense  success  which  has  attended  antiseptic  surgery,  and  has  led 
to  its  adoption  in  various  hospitals  previously  deadly,  and  now  almost  free  from  any 
hospital  diseases,  is  quite  sufficient  to  prove  this.  At  the  same  time  we  must,  I 
think,  also  admit  that  (whatever  may  be  the  cause)  the  admission  of  common  air  to 
healthy  tissues  involves  extremely  little  danger,  so  long  as  those  tissues  are  kept  free 
from  putrefying  or  putrescible  matter,  and  that  in  this  way  may  be  explained  the 
great  success  which  has  attended  on  abdominal  section  when  performed  with  minute 
precautions  against  all  possible  sources  of  putrefaction,  though  without  those  special 
precautions  which  are  usually  denominated  '  antiseptic '  or  '  Listerian,'  and  which 
are  directed  to  the  destruction  of  atmospheric  germs.  Thus  it  was  at  first  believed 
that  the  special  antiseptic  precautions  usually  denominated  '  Listerian  '  were  essential 
to  the  success  of  ovariotomy.  But  many  surgeons  have  now  recorded  better  success 
under  other  methods— methods,  however,  equally  deserving  the  name  of  '  antiseptic,' 
and  almost  equally  to  be  ascribed  to  the  impulse  first  given  to  antisepticism  by 
Lister. 

And  this  really  seems  to  me  the  great  outcome  of  the  long  debate  which  has  been 
going  on  during  the  many  years  since  Mr.  Lister's  proposals  first  began  to  attract 
attention,  viz.  that  the  best  preventive  against  destructive  inflammation  following 
injuries  or  surgical  operations,  and  against  the  complications  which  used  only  too 
frequently  to  attend  on  such  inflammations,  consists  in  the  minutest  care  to  avoid 
the  presence  or  to  procure  the  speedy  discharge  from  the  parts  affected  of  all  putre- 
fying or  putrescible  matter.  If  anyone  should  think  this  a  small  advance  on 
previous  knowledge,  I  cannot  agree  with  him.  How  little  was  thought  twenty  years 
ago  as  to  the  absolute  purity  of  everything  that  could  touch  a  wound,  how  little 
attention  was  given  to  freeing  it  at  the  time  from  all  decomposible  material,  and 
securing  the  discharge  from  it  afterwards  of  all  blood-serum  and  other  putrefiable 
matter,  to  its  strict  isolation  in  fact  from  every  possible  source  of  accidental  con- 
tamination !  Nay,  though  we  have  learned  much  since  we  became  antiseptic  students 
while  following  Mr.  Lister's  theories  and  doctrines,  I  do  not  think  we  have  yet  by 
any  means  mastered  all  the  applications  of  those  doctrines,  or  are  quite  masters  of  the 
art  of  keeping  wounds  clean  and  well-drained. — T.  H.] 

2  and  3.     To  depress  the  local  action,  and  obviate  its  hurtful  consequences. 

All  treatment  hitherto  spoken  of  is,  in  principle,  preventive.  The  treatment 
next  to  be  discussed — the  treatment  to  which  recourse  must  be  had  when  the 
progress  of  inflammation  can  no  longer  be  prevented  by  the  removal  of  its  determin- 
ing cause,  is,  on  the  contrary,  of  the  nature  of  an  antidote.  The  cause  not  being 
removable,  we  have  to  counteract  its  effects  :  to  counteract  them  primarily,  as  con- 
sisting in  the  local  excitement;  to  counteract  them  secondarily,  as  consisting  in 
results  which  the  local  excitement  originates. 

In  this  curative  treatment  of  inflammation  and  its  results,  the  following  objects, 
or  some  of  them,  are  aimed  at: — 

a)  by  depressors  and  sedatives,  either  (like  cold)  outwardly  applied  to  the  in- 
flamed part,  or  (like  opium)  administered  to  it  through  the  blood,  to  directly  reduce 
its  excitement  and  irritability  ; 

b)  by  stimulants  applied  to  uninflamed  parts  of  the  body,  to  create  counter-excite- 
ment, which  (as  regards  attractive  influence  on  the  blood,  and  perhaps  also  as  regards 
other  conditions  of  existence)  shall  outbalance  the  excitement  of  the  inflamed  part ; 
or  by  other  derivative  means,  of  which  local  bleeding  is  the  principal,  to  attract  into 
collateral  channels  the  flow  of  blood  which  otherwise  would  feed  the  inflammation. 

c)  by  general  depletory  measures — of  which  bleeding  and  purging  are  the  prin- 
cipal— and  by  withdrawal  of  food,  and  by  use  of  emetics  or  nauseants,  so  to  im- 
poverish and  weaken  the  general  circulation  that  the  entire  body  (including  of  course 
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its  inflamed  part)  shall  be  brought  into  circumstances  of  scantier  nourishment,  and 
be  freed  from  vascular  tension ; 

d)  by  febrifuge  treatment  (not  necessarily  depletive)  to  relieve  the  blood  from 
sympathetic  derangement,  and  render  it  in  temperature  and  constitution  as  capable 
as  it  can  be  of  contributing  to  resolve  the  inflammation. 

Further,  with  reference  more  particularly  to  special  symptoms  or  results  of  the 
inflammatory  process,  or  to  special  varieties  of  inflammation,  the  practitioner  may 
propose  to  himself  one  or  more  of  the  following  objects  : — - 

e)  by  cutting  into  an  inflamed  part,  to  relieve  it  from  extreme  vascular  tension  ; 
or,  by  uniform  mechanical  pressure  on  an  inflamed  part,  or  otherwise,  to  promote  the 
emptying  of  its  vessels ; 

f)  by  cauterising  or  intensely  irritating  an  inflamed  part,  to  break  the  continuity 
of  its  particular  morbid  process ; 

ff)  by  the  use  of  antiseptics,  locally  or  generally,  to  cleanse  the  sources,  and 
obviate  the  evil  results,  of  putrid  infection ; 

h)  by  surgical  operation,  where  admissible,  to  effect  the  dischaige  of  collected 
inflammatory  fluids,  and  the  removal  of  gangrenous  parts,  or  of  parts  rendered 
irreparable  and  inconvenient,  or  of  parts  which  threaten  life ; 

i)  by  the  use  of  narcotics,  to  procure  the  discontinuance  of  extreme  pain  ; 
k)  by  the  use  of  specific  drugs,  to  counteract  specific  dyscrasial  states; 

I)  by  the  use  of  mercury,  to  develope  such  a  constitutional  state  as  will  resist  the 
formation,  or  cause  the  destruction,  of  false  membranes  and  adhesions ; 

m)  finally,  with  respect  to  parts  where  only  the  consequences  of  inflammation 
remain,  to  excite  by  stimulants,  so  far  as  deficient,  the  local  actions  of  defecation 
and  repair. 

a,  i.)  To  no  exterior  influence  is  textural  excitement  so  directly  amenable  as  to 
changes  of  temperature.  (Jold,  continuously  applied,  is  the  sedative  of  every  vital 
manifestation.  Under  its  influence,  rhythmical  actions  become  slow  or  null,  sense 
and  volition  slumber,  reflex  phenomena  cease,  common  growth  and  embryonic 
development  alike  stand  still,  injured  parts  are  unable  to  repair  themselves.  In 
theory,  then,  it  may  be  said  that  continuous  cold,  locally  applied,  is  in  direct  and 
essential  opposition  to  the  causes  of  inflammation.  But  in  practice  it  is  by  no  means 
common  that  cold  can  be  thus  used  as  an  antiphlogistic. 

Not  only  are  there  many  cases  of  inflammation  (internal  inflammations,  for 
instance)  where  it  is  mechanically  difficult  or  impossible  to  apply  the  agency  of 
cold  ;  not  oidy  are  there  many  other  cases  (exanthematic  inflammations,  for  instance) 
where,  rightly  or  wrongly,  the  external  repressor  is  deemed  dangerous  to  life  ;  but, 
further,  the  principle  on  which  continuous  cold  operates  is  such  that,  even  with 
external  traumatic  inflammations,  somewhat  narrow  limits  must  be  assigned  to  its 
use.  Though  clinically  it  is  not  always  easy  to  fix  these  limits  with  precision,  the 
guiding  thought  may  probably  be  thus  expressed  :  that,  as  continuous  cold  is  rather 
an  antidote  to  the  causes  of  inflammation  than  a  remedy  for  the  resulting  changes, 
so,  in  order  to  get  full  advantage  from  its  use,  we  must  employ  it  almost  from  the 
moment  when  the  causes  begin  to  operate.  Thus  used  in  cases  to  which  it  is  applic- 
able, cold  serves  as  it  were  to  subtract  something  from  the  efficiency  of  the  exciting 
causes  of  inflammation,  and  to  regulate,  from  its  very  start,  the  momentum  of  the 
inflammatory  process. 

In  conformity  with  the  above  principles,  cold  is  of  great  antiphlogistic  value  in 
the  treatment  of  wounds,  including  such  as  arc  made  in  surgical  operations.  Here, 
commencing  its  employment  almost  from  the  moment  of  injury,  and  thus  con- 
tinuously moderating  the  local  temperature,  we  are  enabled  to  restrict  textural 
activity  within  the  limits  of  what  is  just  necessary  for  the  adhesive  process  ;  to 
restrict  it  in  degree,  so  that  it  does  not  run  on  to  suppuration  or  gangrene ;  to 
restrict  it  also  in  extent,  so  that  it  does  not  involve  more  than  the  immediate 
neighbourhood  of  the  injured  surface. 

Among  cases  in  which  the  power  of  attaining  these  results  has  moie  than  com- 
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mon  importance,  may  be  instanced  the  wounds  of  large  joints,  whether  made  by 
accidental  incision,  or  designed  for  the  removal  of  synovial  concretions.  Under  an 
effective  use  of  cold  (together,  of  course,  with  absolute  immobilisation  of  the  limb) 
many  a  knee-joint  recovers  without  permanent  injury  from  even  some  considerable 
incision. 

The  antiphlogistic  use  of  cold  is  often  turned  to  good  account,  not  curatively 
indeed,  but  retardatively,  in  cases  (if  not  too  far  advanced)  of  strangulated  hernia  :  a 
first  taxis  has  been  unsuccessful ;  the  sac  and  bowel  are  beginning  to  inflame  and 
becoming  too  sensitive  for  manipulation ;  a  second  surgeon  is  sent  for  to  operate. 
Application  of  cold  during  the  hour  or  two  which  may  elapse  before  his  coming,  will 
not  only  prevent  the  development  of  symptoms,  but  often  effect  their  temporary 
reduction  to  a  point  at  which  the  taxis  may  properly  be  tried  again  before  the  knife 
is  had  recourse  to. 

Though  it  be  the  fact  (as  above  stated)  that  in  many  internal  inflammations  the 
local  use  of  cold  is  mechanically  difficult  or  impossible,  yet  there  are  others  to  which 
it  is  applied  with  success.  I  am  told  that  in  the  great  hospitals  of  Vienna  and 
Prague,  an  ordinary  treatment  of  peritonitis  is  treatment  by  local  cold  ;  and  it  is 
said  by  those  who  have  witnessed  the  practice  that  the  results  are  of  the  most  satis- 
factory description. 

Local  cooling  for  common  antiphlogistic  purposes  is  well  effected  by  water  of  the 
desired  temperature.  Cloths  thus  wetted  are  spread  over  the  surface  which  is  to  be 
acted  on.  It  is  essential  to  the  result  that  these  cloths  should  be  kept  as  nearly  as 
possible  at  their  original  low  temperature,  either  by  being  continuously  chipped  upon 
from  a  reservoir  of  cold  water,  or  by  being  very  frequently  changed  or  re- wetted  by 
hand.  Their  surface  meanwhile  should  be  freely  exposed  to  the  air,  or,  if  necessarily 
within  bed,  should  have  ample  space  for  evaporation  secured  to  it ;  and  arrangements 
should  be  made  to  prevent  needless  and  uncomfortable  soaking  of  the  patient's  bed 
and  clothing.  As  regards  the  temperature  of  water  to  be  employed,  it  may  range, 
according  to  the  exigencies  of  the  case,  from  that  which  the  average  healthy  hand 
feels  to  be  decidedly  cold — say  about  45°  F. — to  the  lowest  above  congelation.  And 
the  maintenance  of  this  temperature  in  a  bed-side  reservoir  of  water  can  be  regulated 
by  ice  or  freezing  mixture.  Every  application  which  the  inflamed  part  recognises  as 
cold  is,  according  to  its  degree,  antiphlogistic  ;  but,  except  in  cases  where  very  rapid 
action  is  required,  the  efficiency  of  the  application  depends  less  on  extreme  degrees  of 
cold  than  on  the  continuous  and  uniform  operation  of  even  a  moderately  reducing 
temperature.  Failing  the  continuous  action  of  cold,  cold  is  worse  than  useless.  And 
the  too  frequent  slovenly  nursing  which  lets  water-cloths  remain  for  hours  un wetted, 
or  swaddles  them  up  under  other  coverings,  is  fatal  to  this  method  of  treatment. 
The  surgeon  who  wishes  to  see  what  can  really  be  effected  by  the  continuous  appli- 
cation of  cold,  must  either  bestow  a  little  mechanical  ingenuity  on  the  construction 
of  a  self-acting  irrigator  for  his  patient,  or  must  secure  such  scrupulous  attendance 
at  the  bed-side  as  to  render  interruptions  impossible.  Bladders  of  pounded  ice  are 
sometimes  employed,  instead  of  wetted  cloths,  for  the  purpose  of  local  refrigeration ; 
but  the  cold  thus  produced  is  greater  than,  commonly  speaking,  is  necessary,  and 
greater  than  can  for  long  periods  be  continued.  Perhaps  the  best  use  which  can 
be  made  of  ice  is,  in  certain  cases  of  intense  onset  of  inflammation,  to  make  a  first 
local  impression,  which  minor  degrees  of  cold  will  afterwards  maintain. 

[Leaving  the  above  passages  as  they  stood  in  the  first  edition  of  the  work,  I  am 
glad  to  be  able  to  mention  that  since  1860  our  appliances  for  refrigerating  inflamed 
parts  have  been  much  improved,  and  the  practice  of  treating  inflammation  by  the 
local  use  of  cold  has  in  consequence  received  very  great  extension.  The  improve- 
ment has  been  mainly  due  to  an  admirable  piper  by  Professor  Esmarch  of  Kiel 
(translated  in  1861  by  Dr.  Montgomery  for  the  New  Sydenham  Society)  On  the  use 
of  Cold  in  Surgery.  This  paper,  besides  showing  the  incomparable  surgical  advan- 
tages which  in  appropriate  cases  can  be  got  by  a  right  use  of  cold,  brought  into 
currency  the  very  simple  but  singularly  convenient  contrivance  of  india-rubber  bags 
for  the  local  application  of  ice ;  a  contrivance  which  enables  us  to  make  effective  use 
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of  ice  with  about  as  little  inconvenience  as  would  attach  to  the  employment  of  a 
poultice.  And  having  myself  now  for  the  last  eight  yeavs  habitually  followed  Pro- 
fessor Esmarch's  improvement  in  practice,  I  may  confidently  say  that  he  does  not 
overrate  its  advantages ;  that  applied  in  certain  cases  separately,  and  conjoined  in 
certain  other  cases  with  the  antiseptic  management  of  wounds,  it  very  often  enables 
us  to  get  successful  results  where  of  old  we  should  commonly  have  had  failure.1 
J.  S.,  1870.] 

Both  as  regards  a  first  decision  to  use  cold  in  the  treatment  of  a  particular  case 
of  inflammation,  and  as  regards  the  time  when  it  becomes  desirable  to  discontinue 
this  employment  of  cold,  the  surgeon  may  wisely  consult  the  sensations  of  his  patient. 
While  cold  gives  comfort,  it  almost  certainly  does  good  ;  while  it  gives  discomfort,  it 
almost  certainly  does  harm. 

ii.)  Whether,  besides  cold,  there  be  other  agents  which  act  as  direct  depressors  of 
textural  change,  and  which  may  on  this  principle  be  used  as  antagonists  to  the  causes 
of  inflammation,  is  hitherto  very  imperfectly  known.  But  it  seems  probable  that 
the  antiphlogistic  action  of  opium  (and  possibly  of  other  narcotics)  is  somewhat  of 
the  same  kind ;  and  the  present  may  therefore  be  a  convenient  opportunity  for 
referring  to  it.  With  opium,  as  with  cold,  our  best  chance  of  doing  good  is  where 
we  can  adopt  the  treatment  almost  as  soon  as  a  cause  of  inflammation  begins  to 
operate ;  where,  for  instance,  after  some  wound,  accidental  or  operative,  we  can  at 
once  bring  our  patient  under  the  influence  of  opium,  and  keep  him,  as  long  as 
necessary,  more  or  less  narcotised  by  renewed  doses  of  the  drug.  This  method  of 
proceeding  is  often  of  signal  advantage  where  the  peritoneum  has  been  injured;  it 
often  constitutes  the  main  feature  of  after-treatment  in  cases  where  ovarian  tumours 
are  removed  or  csesarian  sections  performed,  and  is  often  of  the  utmost  benefit  after 
operations  for  hernia.  Its  utility  under-  these  circumstances  is  no  doubt  partly  duo 
to  its  indirect  influence  in  preventing  such  muscular  movement  as  might  displace  or 
irritate  the  injured  parts  ;  for  the  soporised  patient  does  not  care  to  move  from  one 
fixed  position,  nor  do  his  bowels  care  to  be  performing  their  peristaltic  movements. 
But  it  seems  probable  that  the  same  tranquillising  power  affects  the  injured  texture 
itself — renders  it,  so  to  speak,  less  percipient  or  more  tolerant  of  injury  than  it  other- 
wise would  have  been,  less  disposed  to  undergo  diffuse  excitement,  less  apt  to  invite 
increased  determination  of  blood. 

There  are  other  uses  of  opium  only  inferior  to  that  which  has  been  named. 
Where  inflammation  has  received  a  considerable  check  by  depletive  treatment,  and 
further  measures  of  the  same  kind  are  inadmissible,  opium  often  prevents  the 
textural  excitement  from  rekindling.  Where  (as  is  particularly  apt  to  be  the  case 
with  persons  whose  constitutions  are  damaged  by  irregular  and  exhaustive  modes  of 
life)  inflammation  is  attended  rather  by  nervous  irritability  than  by  true  feverish- 
ness  and  vascular  tension,  here,  especially  if  the  inflammation  be  ulcerative  or  gan- 
grenous, opium,  either  alone  or  in  aid  of  any  specific  drug  which  an  existing  specific 
cachexia  requires,  may  be  of  indispensable  value. 

h)  The  practice  of  treating  certain  inflammations  by  counter-irritant  and  other 
derivative  measures  is  believed  to  represent  the  application  of  a  pathological  pi-in- 
ciple.  Different  parts  of  the  body  naturally  exercise  a  sort  of  competition  with  each 
otber  in  their  several  claims  on  the  blood,  one  part  necessarily  tending  to  receive  less 
in  proportion  as  other  parts  receive  more.  Undoubtedly  to  a  certain  extent  this 
rivalry  is  exercised  through  the  medium  of  the  general  circulation  ;  and  thus  it  is 
that,  for  instance,  any  great  determination  of  blood  to  the  skin  may  diminish  supply 
to  the  kidneys.  But  besides  this  antagonism  effected  through  the  general  circulation, 
there  probably  are  antagonisms  of  a  local  character ;  and  parts  which  are  respectively 

1  A  still  more  convenient  method  of  applying  cold  will  be  found  in  '  Leiter's  tubes,'  by 
which  a  stream  of  water  of  any  required  temperature  can  be  kept  passing  continuously  over 
t  he  whole  extent  of  the  exposed  surface. — T.  H. 
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supplied  by  different  contiguously -rising  branches  of  one  arterial  trunk  seem  specially 
able  thus  to  antagonise  each  other.  For,  assuming  the  flow  through  an  arterial 
trunk  to  remain  the  same,  one  branch  or  set  of  branches  can  only  transmit  more 
blood,  if  simultaneously  another  branch  or  set  of  branches  transmit  less ;  and  we 
may  well  conceive  it  to  be  an  important  function  of  vasi-motor  nerves  to  provide  for 
the  adjustment  of  this  antagonism,  by  establishing  such  inter- arterial  sympathies 
that  the  relative  opening  of  one  branch  shall  determine  the  relative  closure  of  another. 
As  the  claim  of  each  part  to  receive  less  or  more  blood  is  measured  by  the  degree  in 
which  it  is  indolent  or  active,  so  to  stimulate  a  part  is  the  sure  way  of  determining 
blood  to  it.  Ubi  stimulus,  illuc  affluxus.  And  thus  by  artificially  irritating  one 
part,  we  may,  it  is  believed,  divert  blood  from  another.  The  irritated  part,  attract- 
ing blood  to  itself  through  arteries  which  open  wider  to  facilitate  the  process,  is 
supposed  to  become  increasedly  antagonistic  to  all  parts  which  are  in  arterial 
sympathy  with  it,  including  of  course  any  inflamed  part  which  is  thus  circumstanced ; 
and  in  proportion  as  it  succeeds  in  diverting  blood  to  itself,  the  arteries  of  these 
latter  parts  are  supposed  to  become  (relatively  speaking)  constricted,  and  the  parts 
themselves  to  be  relieved  from  pressure  of  blood. 

Here,  then,  apparently  is  one  considerable  channel  of  influence  for  counter-irri- 
tant applications ;  that,  through  inter-arterial  sympathies  which  vasi-motor  nerves 
maintain,  or  contribute  to  maintain,  and  in  some  cases  through  the  general  circulation, 
they  tend  to  divert  blood  from  flowing  into  the  inflamed  part.  And,  so  far  as  the 
local  process  depends  upon  vascular  fulness,  counter-irritant  ti-eatment  may,  under 
certain  qualifications,  be  expected,  on  this  principle,  to  reduce  it. 

But  counter-irritants  may  have  a  value  beyond  this  :  for  probably  it  is  not  only 
as  joint  competitors  for  blood  that  the  several  bodily  parts  influence  one  another's 
life.  Textural  excitability  perhaps  is  not  so  exclusively  local  but  that  in  this  respect 
also  there  may  be  conditions  of  inter-textural  balance;  the  total  excitability  of  the 
body  at  any  given  moment  being  perhaps  of  fixed  amount ;  so  that  with  regard  to 
excitement,  just  as  with  regard  to  blood  supply,  'plus'  in  one  organ  would  imply 
'  minus  '  in  another.  Possibly  too  the  nerves  during  counter-irritation  may  operate 
in  other  ways  than  through  arterial  contractility  to  modify  the  vital  actions  of  parts 
which  counter-irritation  is  intended  to  relieve.  These  possibilities  deserve  to  be 
borne  in  mind ;  lest,  relying  too  exclusively  on  the  derivative  element  in  counter-irri- 
tation, we  should  unduly  ignore  methods  of  treatment  which  seem  to  require  other 
principles  for  their  explanation. 

i.  Surgical  appliances  of  the  class  under  consideration  are  of  three  grades  of  in- 
tensity. The  most  intense  is  illustrated  when  by  caustic  potash,  or  hot  iron,  or 
burning  moxa,  we  make  a  slough  of  skin  ;  or  when,  by  running  a  seton  under  some 
inches  of  integument,  we  establish  a  track  of  subcutaneous  suppuration ;  as  is  often 
done  (and  now  chiefly  in  the  form  of  caustic  issue)  in  the  neighbourhood  of  joints  or 
of  the  spine,  where  cancellous  bone  structure  is  chronically  inflamed  and  carious.  A 
second  grade  is  illustrated  by  the  various  agents  which  cause  vesication  or,  if  they 
be  more  sparingly  used,  desquamation  of  the  skin ;  as  when  we  apply  various 
preparations  of  cantharides,  iodine,  or  mustard,  to  the  integument  of  the  chest  with 
the  object  of  relieving  some  pulmonary  or  cardiac  inflammation.  A  third  is  illustra- 
ted (where  perhaps  the  illustration  is  not  always  looked  for)  in  the  action  of  common 
poultices  ;  as  when,  on  account  of  a  whitlow,  we  envelope  the  whole  hand  and  wrist 
in  a  poultice,  and  thus  solicit  from  the  radial  and  ulnar  arteries  into  collateral  circula- 
tion a  share  of  the  blood  which  before  was  being  so  partially  distributed  that  every 
beat  of  the  heart  was  felt  as  a  throb  in  the  finger. 

The  more  intense  forms  of  counter-irritant  treatment  are  so  painful  that  it  is 
well  worth  while  to  be  critical  as  to  their  value.  And  it  deserves  more  general 
notice  than  it  has  yet  received,  that  some  of  the  most  accurate  clinical  observers  of 
the  day  are  profoundly  sceptical  on  this  subject.  In  various  cases  of  thoracic  inflam- 
mation, for  instance,  where  thousands  of  practitioners  employ  blistering  as  a  matter 
of  course,  the  unsurpassed  authority  of  Professor  Skoda  pronounces  such  treatment 
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to  be  always  powerless  for  good,  though  sometimes  powerful  for  harm.  And  pro- 
bably a  large  proportion  of  treatment  by  long-continued  setons  and  issues  has  sub- 
sisted, less  from  any  sure  knowledge  of  its  doing  good,  than  as  a  remnant  of  the  old 
belief  that  morbid  humours  could  thus  be  set  running  from  the  body.  Assuredly 
the  whole  subject  requires  careful  clinical  reconsidei^ation  ;  towards  which,  in  this 
place,  only  two  suggestions  are  offered. 

In  the  first  place,  particularly  with  regard  to  the  uses  of  blistering,  there  is  a 
source  of  fallacy  against  which  the  student  will  do  well  to  guard  himself.  Not 
every  cutaneous  inflammation  excited  for  surgical  purposes  is  intended  to  hp  counter- 
irritant  and  derivative.  There  are  cases  (presently  to  be  again  adverted  to)  where 
it  acts  simply  as  a  further  stimulant  to  the  part  originally  inflamed.  When,  for 
instance,  we  apply  strong  blistering  fluid  directly  over  a  knee-joint  with  chronic 
inflammatory  effusion,  the  action  of  the  irritant  propagates  itself,  in  lessening  degrees, 
through  the  intervening  small  thickness  of  parts,  and  sensibly  affects  the  synovial 
surface  ;  where  frequently  at  first  it  causes  some  increase  of  effusion  ;  and  where  at 
any  rate  the  desired  removal  of  fluid  only  begins  when  the  super-induced  excitement 
has  begun  to  subside.  And  it  is  by  reason  of  this  action  that,  with  regard  to  super- 
ficial parts,  blistering,  if  it  does  not  resolve  their  inflammation,  commonly  determines 
them  to  suppurate  :  a  fact,  sometimes  illustrated  in  the  treatment  of  indolent  ingui- 
nal buboes,  where  it  may  happen  that  blistering  is  deliberately  used  in  order  to  force 
this  alternative  on  the  part,  and,  either  by  one  way  or  the  other,  to  bring  the 
inflammation  to  a  close. 

Similarly,  we  may  sometimes  be  proceeding  rather  too  drastically  when  we  blister 
the  walls  of  the  visceral  cavities.  1  have  often  seen  cerebral  distress  appear  to  be 
much  aggravated  by  the  application  of  a  blister  to  the  scalp  :  and  it  has  happened 
in  making  the  post-mortem  examination  of  a  patient  to  whose  abdomen  a  blister  has 
been  applied,  to  find  on  the  inner  surface  of  the  abdominal  wall  a  red  patch  (probably 
of  more  injected  muscular  substance  seen  through  the  peritoneum)  corresponding  to 
the  area  of  blistered  skin, 

In  the  second  place,  it  deserves  full  trial  whether  every  intense  and  consequently 
painful  form  of  counter-irritation  might  not  be  superseded  by  the  employment  of 
other  means,  less  intense,  but  more  extensively  applied ;  whether,  for  instance,  ten 
inches  of  poultice  may  not  be  equivalent  to  three  inches  of  blister,  or  to  one  inch  of 
issue.  For  probably  among  the  agencies  now  spoken  of  there  is  none  to  which  we 
can  look  with  better  grounded  confidence  than  to  the  diffuse  local  action  of  warmth, 
as  supplied  by  poultices  and  fomentations ;  particularly  when  it  can  be  so  adminis- 
tered as  to  affect  a  surface  of  skin  very  greatly  larger  than  the  quantity  of  inflamed 
texture  which  we  desire  to  relieve. 

In  many  chronic — probably  also  in  some  acute — inflammations,  especially  in 
those  which  arise  from  catching  cold,  or  are  associated  with  gout  or  chronic  rheu- 
matism, the  excitement  of  the  entire  skin  by  baths  of  hot  air  or  hot  vapour  is  often 
of  the  most  striking  and  immediate  benefit.  And  though  in  most  of  these  cases  the 
result  of  the  exterior  heat  is  probably  something  more  than  mere  blood-derivation  to 
the  skin,  yet  not  the  less  on  that  account  are  they  important  illustrations  of  counter- 
stimulant  treatment. 

Pending  the  better  settlement  of  what  is  doubtful  in  the  present  subject,  there 
are  cautions  which  every  one  admits  to  be  necessary  if  the  counter-irritant  treatment 
of  inflammation  is  to  succeed  according  to  its  intention.  In  proportion,  namely,  as 
the  counter-irritants  which  we  employ  are  of  severe  local  action,  we  must  take  care — 
first,  that  they  be  not  so  applied  as  to  involve  the  inflamed  part  in  their  direct 
irritant  operation ;  and,  secondly,  that  they  be  not  so  applied  as  to  aggravate  any 
existing  febrile  disturbance. 

ii.  It  remains  to  be  stated  that  there  are  derivatives  which  are  not  counter- 
stimulant.  The  abstraction  of  a  very  few  ounces  of  blood  from  the  vicinity  of  an 
inflamed  part  often  gives  relief  which  apparently  is  quite  out  of  proportion  to  any 
effect  produced  on  the  general  circulation.    And  there  seems  no  way  of  accounting 
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for  this  result,  unless  the  action  be  regarded  (on  the  principles  already  suggested)  as 
a  derivation  of  blood  effected  through  inter-arterial  sympathy. 

Local  blood-letting  is  effected  by  leeches  or  cupping ; 1  of  which  methods  each 
has  its  advantages ;  leeches,  that  they  are  commonly  less  formidable  and  admit  of 
being  more  universally  applied ;  cupping,  that,  if  the  abstraction  of  blood  is  to  be 
large,  its  quantity  can  thus  be  more  exactly  regulated.  It  is  also  believed  that 
cupping  exerts  its  influence  through  a  greater  thickness  of  tissue ;  and  that  if  we 
wish,  for  instance,  to  affect  the  kidneys,  we  can  better  attain  our  object  by  cupping 
than  by  leeching  the  loins.  Small  local  abstractions  of  blood  are  proper  for  in- 
numerable cases  in  which  general  blood-letting  (as  requiring  to  be  much  more 
copious  in  order  to  produce  the  same  local  result)  would  be  wrong  or  even  danger- 
ous. And  in  cases  where  recourse  is  had  to  general  blood-letting,  sometimes  local 
blood-letting  is  thought  desirable  as  an  adjunct. 

For  the  objects  of  local  blood-letting  it  is  not  necessaiy  that  the  blood  should  be 
drawn  actually  from  the  part  which  is  inflamed-:  to  draw  blood  from  the  neighbourhood 
answers  our  purpose  :  and  indeed,  where  it  is  possible  to  apply  leeches  directly  to  an 
inflamed  texture,  the  results  are  not  always  as  satisfactory  as  where  some  uninflamed 
texture  intervenes.  It  seems  very  questionable  whether  inflammation  of  lymphatic 
glands  is  ever  benefitted  by  leeching;  indeed,  in  some  cases  the  evil  is  undoubtedly 
aggravated.  In  cases  of  chronic  inflammation,  less  advantage  is  got  by  applying,  at 
once  and  for  all,  any  given  large  number  of  leeches,  than  by  applying  fewer  leeches 
several  times  in  succession  at  intervals  of  two  or  three  days ;  a  method  which  (in  aid 
of  other  necessary  treatment)  often  seems  particularly  useful  with  chronic  inflamma- 
tions of  the  breast  and  testicle. 

Finally,  in  reference  to  the  subject-matter  of  the  present  section,  dry-cupping 
ought  to  be  mentioned.  By  this  procedure,  and  others  which  resemble  it,  we  can 
effect  temporary  derivations  of  blood,  without  at  the  same  time  depleting  or  counter- 
irritating  our  patient.  And  there  may  be  cases  for  which  this  unmixed  derivatory 
treatment  is  niore  suitable  than  local  bleeding  or  blistering. 

[iii.  Since  the  publication  of  the  first  edition  of  this  work  it  has  been  alleged  by 
different  practitioners  that  in  certain  cases  of  inflammation  great  results  may  be 
obtained  by  directly  impeding  the  afflux  of  blood  to  the  part.  Professor  Campbell 
of  New  Orleans,  who  during  the  American  civil  war  was  consulting  surgeon  to  the 
Georgia  Hospital,  Richmond,  has  published,  as  illustrating  this  law,  several  cases  of 
gun-shot  wound  of  an  extremity  ;  where  accidentally,  because  of  secondary  hemor- 
rhage, he  was  obliged,  during  severe  inflammation  of  the  limb,  to  tie  the  main 
artery,  and  did  so,  not  on  Guthrie's  plan  of  dipping  into  the  wound,  but  on  Hunter's 
plan,  as  though  for  aneurism  ;  and  the  Hunterian  operation,  he  says,  '  was  chosen 
with  the  distinct  end  in  view  of  combating  and  checking  if  possible  the  destructive 
progress,  and  in  some  the  septic  tendency  of  the  inflammation.  In  all  of  these  the 
pain,  the  swelling,  and  the  turgescence  were  almost  immediately  relieved,  and  the 
most  remarkable  change  was  soon  presented,  as  seen  in  the  character  of  the  discharges.' 
And  he  maintains  '  that  no  hand,  wrist,  forearm,  or  elbow,  no  foot,  ankle,  leg,  or 
knee,  should  ever  be  amputated  for  excessive  or  destructive  inflammation — especially 
those  cases  resulting  from  traumatic  causes,  without  resorting,  whenever  the  state  of 
the  patient  will  admit  of  it,  to  a  previous  experimental  ligation  of  the  artery  supply- 
ing the  affected  region.'  Professor  Vanzetti  of  Padua,  who  advocates  the  treatment  of 
aneurism  by  continuous  digital  compression  of  the  artery,  has  recommended  the  same 
method  for  controlling  temporarily  the  afflux  of  blood  to  inflamed  parts ;  and  the 
plan  seems  to  have  been  followed  with  success  in  Paris,  and  on  a  large  scale  in 
Prague,  as  well  as  in  his  own  hands.  In  England,  for  the  same  end,  and  with 
satisfactory  results,  Mr.  Moore,  of  the  Middlesex  Hospital,  in  one  case  used  compres- 
sion, and  Mr.  Maunder,  of  the  London  Hospital,  applied  a  ligature,  to  the  artery  1 
J.  S.  1870.] 

1  The  practice  of  opening  a  branch  of  the  temporal  artery,  with  a  view  to  relieve  inflam- 
mations of  the  eye,  has  probably  now  fallen  into  deserved  disuse. 
Vol.  I.  E 
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(c)  Depletory  treatment  includes  the  oldest  and  many  of  the  most  familiar  anti- 
phlogistic measures — blood-letting,  purging,  vomiting,  and  starving. 

i.  Blood-letting,  almost  beyond  any  curative  agent,  has  had  strange  vicissitudes  of 
repute;  sometimes  judged  to  be  the  one  cure  for  inflammation,  sometimes  regarded 
as  the  deadliest  aggravator  of  what  is  dangerous  in  the  disease.  Reasonable  observers 
of  this  discord  have  believed  that  it  must  be  more  apparent  than  real  ;  that  the  in- 
flammation spoken  of  at  one  time  as  cured  by  bleeding  cannot  but  be  different  from 
the  inflammation  spoken  of  at  another  time  as  rendered  fatal  by  bleeding.  And 
especially  Sir  T.  Watson  (always  as  candid  towards  the  opinions  of  others  as  he  is 
enlightened  and  thoughtful  in  his  own)  has  strongly  stated  his  belief  that  '  there  are 
waves  of  time  through  which  the  sthenic  and  asthenic  characters  of  disease  prevail 
in  succession.'  Probably  this  is  the  fact.  But  also  it  is  certain  that  differences  of 
opinion  as  to  the  good  or  harm  of  bleeding  in  inflammation  have  not,  by  any  means 
exclusively,  been  differences  between  one  time  and  another :  for  contemporaries, 
living  under  the  same  sky,  and  practising  in  the  same  year  on  the  same  disease,  have 
waged  controversy  on  the  subject ;  and  not  infrequently  it  has  seemed  probable  that 
medical  juries,  inquesting  any  given  dead  patient,  would  divide  in  equal  numbers 
whether  much  bleeding  or  little  bleeding  had  killed  the  man.  '  Neither  to  exclude 
bleeding,  nor  to  bleed  in  excess  of  the  present  necessity — so  to  bleed  as  to  secure  the 
advantages  of  the  remedy  and  to  avoid  its  disadvantages,'  here,  says  Sir  T.  Watson, 
is  'the  accredited  practice  and  the  precept  of  all  teachers.'  To  estimate  that '  present 
necessity '  is  the  art  of  the  skilled  practitioner,  treating  each  case  according  to  its 
own  particular  claims  ;  an  art  which  cannot  be  learnt  except  at  the  bedside  of  the 
sick,  and  towards  winch,  in  the  present  place,  only  some  general  suggestions  can  be 
offered. 

It  is  scarcely  needful  to  say  that  local  nutritive  changes  are  powerfully  affected 
by  loss  of  blood  from  the  general  circulation.  Occasionally  it  happens,  during  some 
process  of  repair,  that  a  large  accidental  haemorrhage  occurs — as,  for  instance,  from  a 
stump  which,  having  at  first  been  sloughy,  has  cleansed  itself  and  is  healing  by 
granulation  at  the  time  when  its  main  artery  gives  way ;  and  in  any  such  case  we 
are  able  to  observe  how  thoroughly  the  local  action  is  arrested,  how  the  granulations 
shrink,  and  how  for  some  days  (if  the  patient  survive)  the  stump  looks  almost  as 
though  it  did  not  belong  to  a  living  body.  But  because  this  kind  of  depletion  can  so 
suddenly  stop  the  actions  of  repair,  it  does  not  therefore  follow  that  it  can  with 
equal  facility  stop  all  that  we  wish  to  stop  in  any  given  inflammatory  process ;  or 
that  blood-letting  is  an  antiphlogistic  in  that  unconditional  sense  which  is  implied  in 
some  arguments  respecting  it.2  The  notion,  that  '  if  we  could  completely  command 
the  supply  of  blood  to  a  part,  the  increased  action  might  be  effectually  controlled  or 
arrested,'  cannot  even  in  speculation  be  admitted  without  some  reserve.  The 
prudent  practitioner  will  incline  to  remember  John  Hunter's  terse  statement  of  the 
meaning  of  all  local  determinations  of  blood—'  Action  creates  the  necessity  for  sup- 
port, and  supplies  it ; '  and  regarding  inflammatory  hyperamiia  as  but  the  symptom  and 
legitimate  consequence  of  an  existing  textural  excitement,  he  will  doubt  as  to  the 
expediency  of  striking  with  much  abruptness  at  the  continuity  of  this  natural  depen- 
dence. For  if  the  entire  circulatory  system  could  gradually  be  drained  of  its  contents, 
would  not  the  inflamed  part  of  the  body  be  the  last  of  all  to  become  bloodless?  would 
it  not  to  the  last  remain  relatively  congested?  woidd  it  not  be  more  prone  than  other 
parts  to  fall  into  gangrene  from  ansemia  ? 

Practically,  all  impartial  observers  seem  now  to  agree  that,  while  on  the  one 
hand  there  are  inflammations  which,  bleeding  can  relieve,  yet  on  the  other  hand  there 
are  inflammations  which  every  act  of  depletion,  instead  of  diminishing,  will  increase. 

1  See  New  Sydenham  Society's  Biennial  lletrospect  of  Medicine  and  Surgery  for  18G7-8, 
pp.  284  et  seq. 

2  '  Blood  is  the  material  by  which  the  increased  action  of  the  part  is  maintained.  In 
the  figurative  language,  which  the  obviously  increased  heat  has  suggested,  we  may  say  that 
it  is  the  fuel  by  which  the  fire  is  kept  up.  If  we  could  completely  command  the  supply  of 
blood,  the  increased  action  might  be  effectually  controlled  or  arrested.' — Lawrence  on 
Diseases  of  the  Ei/e,  1844,  p.  182. 
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And  the  obvious  inference  from  this  fact  is  one  which  certainly  pathology  would 
sanction,  that  the  therapeutical  value  of  blood-letting  does  not  so  much  consist  in  its 
directly  controlling  inflammatory  excitement,  as  in  its  controlling  some  condition 
which  may  or  may  not  be  concomitant. 

The  condition  which  in  this  point  of  view  deseiwes  especial  notice  is  that  state  of 
the  circulatory  system  which  (often  spoken  of  by  the  name  of  '  vascular  tension  ')  is 
characterised  by  a  hard  pulse.  It  has  already  been  suggested,  as  part  of  the  arrange- 
ment by  which  an  inflamed  part  is  able  to  attract  so  much  blood  to  itself,  that,  in 
proportion  as  arteries  going  to  the  focus  of  inflammation  dilate  themselves,  collateral 
arteries  become  more  or  less  constricted.  When  inflammation  of  any  magnitude 
occurs  in  strong  and  otherwise  healthy  subjects,  this  sympathetic  phenomenon 
diffuses  itself  widely  over  the  body  ;  the  arteries  generally  (in  contrast  with  those  of 
the  inflamed  part)  getting,  by  contraction  of  their  circular  fibres,  into  a  more  or  less 
rigid  state  of  reduced  calibre :  a  state  during  which  the  heart's  action  (being  of  not 
less  than  normal  force)  gives  to  the  arterial  pulse  its  morbid  quality  of  hardness. 
This  quality  of  hardness  in  the  general  arterial  pulse  is  therefore,  according  to  its 
different  degrees,  a  standard  for  estimating  the  pressure  which  an  inflamed  part 
sustains  from  the  heart's  action,  and  the  extent  to  which  that  pressure  may  be  aggra- 
vating the  local  disorder.  Further,  it  is  a  symptom  which  is  directly  controlled  by 
bleeding,  and  which  probably  never  has  considerable  development  except  in  cases 
where  bleeding  can  be  borne  without  injury.  Generally  speaking  then,  it  seems  that 
any  inflammation  accompanied  by  hardness  of  pulse  is  likely  to  be  relieved  by  the 
abstraction  of  so  much  blood  as  shall  remove  this  sign  of  vascular  tension ;  that 
bleeding  (or  some  equivalent  measure)  becomes  necessary  in  proportion  as  such  an 
inflammation  affects  important  organs  or  causes  urgent  distress ;  1  and  that,  employed 
on  these  princqdes,  as  distinguished  from  that  of  attempting  to  exsanguinate  and 
starve  the  inflamed  part,  blood-letting  is  an  important  resource  in  the  treatment  of 
severe  inflammations. 

Always  before  having  recourse  to  bleeding  we  must  remember  that  its  effects 
will  be  more  than  momentary.  Blood  cannot  renew  itself  off-hand ;  and,  while  it 
remains  scanty,  all  actions  of  repair  are  enfeebled.  Therefore,  in  proportion  as  the 
patient's  illness  is  likely  to  be  protracted  and  exhaustive,  the  surgeon  will  be  chary 
of  bleeding  for  any  inflammation  which  he  can  affect  by  less  long-acting  remedies. 
Especially  he  will  hesitate  to  bleed  for  imflammations  which  depend  on  dyscrasial 
states,  and,  above  all,  for  those  which  depend  on  the  infection  of  morbid  poisons. 
Nor  of  course  will  he  lightly  bleed  for  inflammations,  even  though  severe,  if  they  be 
of  comparatively  unimportant  organs.  Moreover,  it  is  not  conceivable  that  bleeding- 
can  ever  be  wanted  where  ulceration  or  gangrene  is  in  progress.  And  the  delirium 
of  inflammatory  fever  is  in  itself  no  reason  for  bleeding. 

ii.  Purgatives  are  in  this  country  very  largely  (perhaps  somewhat  extravagantly) 
used  in  the  treatment  of  surgical  inflammations.  Proportionately  to  the  fluid  dis- 
charges occasioned  by  them,  they  act,  like  blood-letting,  in  relief  of  vascular  tension  ; 
and  often  perhaps  all  the  more  so,  because,  besides  reducing  the  volume  of  the 
circulation,  they  may  act  (for  instance,  with  regard  to  encephalitis)  in  a  somewhat 
counter-irritant  and  derivative  way.  But  this  is  not  the  total  of  their  antiphlogistic 
action.  For,  since  the  purged  bowels  discharge  albumen  as  well  as  water,  the  blood 
is  to  some  extent  impoverished  by  purging.  And  further,  since  the  intestinal 
surface  is  a  great  emunctory  for  some  effete  matters,  purging  (as  will  presently 
again  be  mentioned)  has  an  important  place  among  febrifuge  remedies.  It  is  not 
at  present  possible  to  assign  a  relative  value  to  these  different  elements  in  the  anti- 
phlogistic action  of  purgative  medicines;  but  provisionally  we  know  that  purging, 
in  its  compound  influence,  is  effective  against  many  inflammations.    A  sufficient 

1  The  peculiarities  of  the  pulmonary  circulation  render  the  lung,  when  its  substance  is 
inflamed,  more  apt  than  other  organs  to  be  embarrassed  by  fulness  of  the  circulation ;  and  in 
cases  of  traumatic  pleuro-pneumonia,  a  given  amount  of  hardness  of  pulse  may  be  rendered 
much  more  significant  by  the  presence  of  considerable  dyspnoea. 
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dose  of  some  mercurial,  followed  after  some  six  hours  or  more  by  our  old-fashioned 
'  black  dose,'  is  a  convenient  way  of  getting  an  antiphlogistic  result.  And  in  cases 
where  almost  continuous  bowel-action  is  desirable  (as,  for  instance,  often  in  cases  of 
encephalitis  after  inj  ury)  this  kind  of  proceeding  may  be  repeated  on  many  successive 
or  alternate  days.  In  the  few  instances  where  sudden  drastic  purging  is  desired, 
croton  oil  (which  needs  not  exclude  mercury)  may  be  had  recourse  to.  And  there 
are  other  cases,  though  probably  not  where  purging  is  meant  for  a  depletive  remedy, 
where  the  patient  requires  more  cordial  treatment,  and  the  compound  tincture  of 
rhubarb  is  eligible. 

iii.  With  respect  to  starvation  as  a  part  of  depletive  treatment,  but  little  needs 
be  said.  Active  depletion  on  the  one  hand,  and  supply  of  nourishment  on  the  other, 
are  influences  in  mutual  opposition ;  and,  in  proportion  as  depletive  measures  are 
thought  necessary,  food  must  for  the  time  be  thought  superfluous.  And  thus  in  all 
grave  eases  of  inflammation  the  patient  instinctively  settles  the  thing  for  himself : 
incapable  of  taking  a  morsel  of  food,  at  any  time  when  he  is  properly  being  bled  ; 
and,  at  the  utmost,  not  capable  of  hunger  at  any  time  when  he  is  properly  being 
depleted  by  purging.  Therefore  in  this  respect  the  surgeon  has  little  more  to  do 
than  to  warn  the  patient's  friends  against  injudiciously  pressing  him  to  take  food. 
In  cases  where  the  fullest  effects  of  depletion  are  desired,  there  is  no  reason  why  the 
patient's  drink  should  exceed  the  innutritiveness  of  pure  water. 

iv.  The  antiphlogistic  action  of  certain  emetic  and  na.vsp.anf  drugs  appears  in  part 
very  much  to  resemble  the  action  of  blood-letting.  Under  the  action  of  full  doses  of 
antimony,  for  instance,  the  pulse,  till  vomiting  occurs,  becomes  progressively  quicker 
and  feebler,  till  sometimes  it  is  scarcely  perceptible  ;  it  then  almost  instantly  changes 
its  character,  becoming  fuller  and  much  less  rapid,  but  retaining  a  marked  quality  of 
softness  ;  and  during  this  state,  in  which  any  pre-existing  vascular  tension  is  for  the 
time  effectually  removed,  there  is  greatly  increased  action  of  the  skin,  increased 
secretion  of  urine,  and  increased  discharge  from  the  bowels.1  If  the  inflammation 
with  which  we  are  dealing  is  one  on  a  very  small  scale,  but  with  very  marked  pain- 
fulness  (as,  for  instance,  that  which  occasions  common  ear-ache),  we  find  that  it  is 
now,  perhaps  permanently,  relieved  ;  that  in  the  great  vascular  relaxation  which  has 
taken  place,  the  little  local  hyperemia  has  ceased  to  exist.  And  in  more  consider- 
able inflammations,  the  relief,  if  less  complete,  is  often  not  less  striking.  Moreover, 
by  renewed  small  closes  of  the  drug  (which  now  probably  will  not  produce  vomiting) 
the  relaxed  state  of  the  arterial  system  can  be  maintained,  and  inflamed  parts  can 
thus  be  continuously  kept  with  all  the  advantages  of  lessened  vascular  tension. 
Besides  these  advantages  relative  to  the  distribution  of  blood,  there  probably  are 
other  ways  in  which  antimony  serves  to  reduce  acute  inflammation,  and  some  of 
these  will  hereafter  be  referred  to.  The  student  who  wishes  fully  to  appreciate  what 
can  be  done  by  this  method  of  treatment  should  observe  it  in  medical  as  well  as  in 
surgical  cases ;  and  perhaps  especially  he  should  observe  it  in  cases  of  pneumonia, 
since  it  was  here  tliat  fifty  years  ago  the  Italian  contro-stimolanti  first  established  its 
great  antiphlogistic  virtues.  But  many  ordinary  surgical  cases  will  suffice  to  show 
him  its  power ;  severe  cases  of  acute  orchitis,  for  instance,  where  the  symptoms 
commonly  yield  with  great  rapidity  to  moderate  antimonial  treatment.  Antimony, 
like  bleeding,  is  distinctively  applicable  to  such  inflammations  as  are  acute,  commenc- 
ing, accompanied  with  vascular  tension,  and  occurring  in  unenfeebled  subjects. 

Some  of  the  properties  of  antimony  are  equally  possessed  by  ipecacuan,  and  at 
the  onset  of  many  inflammations,  especially  when  we  are  dealing  with  children,  an 
emetic  of  ipecacuan  is  often  a  very  convenient  way  of  making  a  general  impression 
on  the  vascular  system.  But  as  regards  any  ulterior  use  of  the  drug,  there  is  no 
evidence  that  ipecacuan  possesses  the  antiphlogistic  powers  of  antimony  ;  while  on 
the  other  hand  it  has  this  disadvantage,  that  after-doses  are  less  easily  borne  without 
producing  renewed  vomiting. 

1  Cornp.  Ackermann,  quoted  by  Clams  in  Heilmittetlehre. 
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(d)  Although  inflammatory  fever  be  but  a  symptom  and  consequence  of  the  local 
disease,  it  does  not  therefore  follow  that  the  blood  is  entirely  passive  in  the  process. 
For  the  blood,  not  less  than  the  tissues,  contains  declining  material ;  and  we  may 
well  conceive  it  to  be  the  case  that  this  material  or  some  part  of  it  gets  infected  by 
the  inflaming  tissue,  or  gets  thrown  into  change  by  the  greater  heat  of  its  men- 
struum, and,  if  so,  contributes,  both  in  respect  of  temperature  and  in  respect  of 
excretable  products,  to  the  signs  of  general  febrility.  If  this  be  the  case,  the  in- 
flammatory fever  would  be  capable  of  re-acting  injuriously  on  the  inflamed  part,  and 
would  on  this  account  require  treatment.  But,  even  if  it  be  not  the  case,  there  are 
other  reasonable  grounds  for  believing  that  febrifuge  treatment  may  be  service- 
able ;  since  probably  the  circulating  blood,  in  proportion  as  its  febrile  temperature  is 
reduced  and  its  effete  ingredients  are  eliminated,  becomes  more  and  more  capable  of 
contributing  (by  equalisation  of  effect)  to  reduce  the  local  heat  and  to  absorb  the 
waste-products  of  inflammation. 

As  regards  our  known  means  of  febrifuge  treatment,  it  must  first  be  noticed 
that  all  depletive  measures  tend  to  reduce  the  temperature  of  the  blood.  During 
inanition,  there  is  a  progressive  lowering  of  temperature ;  and  it  is  by  means  of  this 
cooling  (as  Chossat's  classical  experiments  have  shown)  that  starvation  at  last  pro- 
duces unconsciousness  and  death.  Marshall  Hall's  researches  on  the  effects  of 
blood-letting  have  shown  that  during  slow  exsanguination  of  the  body  there  is  the 
same  decline  of  temperature. 

i.  To  some  extent  the  temperature  of  the  blood  can  be  reduced  by  other  than 
depletive  treatment.  Digitalis,  for  instance,  under  many  conditions  of  disease,  will, 
by  lowering  the  pulse,  reduce  the  heat  of  the  body ;  but  it  seems  certain  1  that  where 
active  inflammation  exists,  the  pulse-retarding  action  of  digitalis  is  by  no  means 
easily  or  uniformly  obtained  ;  and  the  iise  of  the  drug  in  large  doses  requires  so  much 
watchfulness  that,  under  this  limitation,  little  recourse  can  be  had  to  it. 

ii.  Effectually  and  universally  the  temperature  of  the  blood  can  be  reduced  by 
exposing  the  surface  of  the  body  to  cold  air  or  cold  water.  The  former  influence  is 
made  useful  in  cases  of  febrility,  when  we  order  the  sick-room  to  be  kept  cool,  and 
the  patient  (unless  we  are  treating  him  with  diaphoretics)  to  be  but  slightly  covered 
with  clothing.  The  latter  influence  is  available  in  the  form  of  baths  or  affusions ; 
respecting  the  febrifuge  value  of  which  in  surgical  practice,  it  is  hitherto,  from  the 
absence  of  sufficient  data,  not  possible  to  speak  with  confidence.  It  is  of  course 
evident  that,  with  many  surgical  fevers,  there  woidd  be  local  conditions  which  might 
render  it  practically  impossible  (even  if,  on  other  grounds,  it  were  desirable)  to  im- 
merse the  patient  in  a  bath,  or  to  affuse  his  entire  body  with  water.  But  the 
student,  while  mindful  of  this  probable  restriction  in  respect  of  surgical  cases,  ought 
to  be  informed  of  the  very  decided  febrifuge  powers  which,  abstractedly  speaking, 
belong  to  the  method  of  treatment.  Especially  it  deserves  notice  that  prolonged 
immersion  in  water  which  commonly  would  not  be  called  cold,  even  in  water  as 
warm  as  95°  F.,  may  be  made  the  means  of  reducing  febrile  temperature.2 

iii.  A  remaining  important  object  of  febrifuge  treatment  is,  as  far  as  possible,  to 
promote  the  due  excretion  of  those  waste-products  which  in  part  probably  arise 
within  the  febrile  blood,  and  in  part  accrue  to  it  from  the  disorganisation  of  the  in- 
flamed textures.  The  tendency  of  these  products,  as  they  become  eliminable,  is 
chiefly  to  the  intestinal  canal  and  to  the  kidneys,  and  their  final  discharge  from  the 
body  can  be  assisted  in  the  one  direction  by  laxative  medicines  (which  need  not  be  of 
the  more  depletive  kind)  and  in  the  other  direction  by  diluent  drinks.  The  more 
latent  part  of  the  eliminative  process  which  is  prior  to  the  act  of  excretion  can  also, 
it  appeara,  be  aided  by  treatment :  water,  which  the  febrile  patient  so  thirsts  for,  is 
itself  an  effectual  mover  of  those  chemical  changes  which  eventuate  in  excretion  ; 

1  See  Olarus's  Ileilmittellehre,  edit.  1860,  pp.  597,  603.  And  compare  Spielmami,  Dcs 
Modifications  de  la  Temperature  animate  dans  les  Maladies  febriles  aiyues  et  chroniques, 
Strasburg,  1856. 

•  Tliis  is  well  shown  in  one  of  the  cases  which  Dr.  Armitage  (in  his  instructive  little 
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and  alkalies,  w  hich  from  time  immemorial  have  enjoyed  a  febrifuge  reputation,  are, 
in  the  same  respect,  perhaps  the  most  useful  adjuncts  which  the  pharmacopoeia  can 
supply.  The  unlimited  allowance  of  soda-water  or  potash -water  is  a  method  of 
treatment  which  the  febrile  patient  commonly  finds  in  the  highest  degree  agreeable, 
and  which  probably  does  as  much  as  can  usefully  be  done  to  facilitate  the  chemical 
clearing  of  his  blood.  In  some  cases  of  inflammatory  fever — perhaps  especially  in 
cases  of  erysipelas — it  seems  that  ammonia  has  particular  advantages,  as  it  is  said 
also  to  have  in  the  treatment  of  eruptive  fevers.  It  may  be  given  either  alone  or 
together  with  the  fixed  alkalies.1 

Both  mercury  and  antimony  belong  to  the  class  of  medicines  which  simultaneously 
increase  several  discharges  from  the  body,  and  which  (it  is  hence  presumed)  promote 
declensive  change  in  the  blood  and  tissues.  They  too,  in  small  repeated  doses,  are 
often  used  to  fulfil  a  mere  febrifuge  intention ;  but  unless  there  be  special  reasons 
for  employing  drugs  which  also  are  depletive  and  depressing,  they  probably,  for  the 
present  purpose,  are  not  preferable  to  alkalies. 

(e)  The  cases  are  but  few  where  an  inflamed  part,  not  containing  pus  or  sloughs, 
is  cut  into  for  the  mere  relief  of  vascular  tension.  In  case  of  severe  purulent  oph- 
thalmia it  used  to  be  deemed  good  to  incise  the  swollen  conjunctiva ; 2  and  in 
some  cases  of  throat-inflammation,  it  was  advised  to  scarify  the  surface  of  the  tonsils 
and  soft  palate :  but  these  expedients  are  of  very  doubtful  advantage.  If  inflam- 
mation of  the  skin  and  subcutaneous  texture  be  diffusing  itself  widely  and  rapidly 
from  a  first  focus  of  intenser  action,  where  still  the  inflammation  runs  high,  here, 
even  though  as  yet  there  be  no  pus  or  slough,  a  free  incision  of  the  most  inflamed 
part  often  seems  to  relieve  the  remainder,  and  perhaps  sometimes  averts  what  other- 
wise would  be  a  considerable  destruction  of  tissue. 

Pressure,  which  often  has  been  recommended,  and  often  very  injuriously  tried  in 
the  treatment  of  sundry  acute  inflammations,  is  probably  now  used  only  in  one  such 
case — namely,  in  that  of  orchitis ;  where  perhaps  it  may  be,  that  the  quantity  of 
serous  effusion  which  the  tunica  vaginalis  contains  renders  surgical  pressure  more 
tolerable,  because  more  uniform,  than  we  can  elsewhere  render  it.  In  common  cases 
of  gonorrhoeal  orchitis,  a  patient  who  cannot  or  will  not  keep  his  bed  may  move 
about  with  comparative  impunity  (especially  when  a  first  good  impression  has  been 
made  by  other  treatment)  if  the  swelling  be  firmly  and  quite  evenly  compressed  by 
an  application  of  adhesive  strapping.  In  chronic  inflammations,  treatment  by 
pressure  is  more  extensively  applicable  :  not  only  in  those  where  (as  in  chronic 
ulcers  of  the  lower  extremity)  it  antagonises  the  mechanical  causes  of  the  complaint ; 
but  likewise  in  others  (such  as  chronic  inflammation  of  lymph-glands,  and  most 
especially  chronic  inflammation  of  the  breast)  in  which  the  disease  is  not  mechanically 
caused.  In  the  latter  class  of  cases  pressure  exerts  considerable  influence  in  pro- 
curing the  removal  of  morbid  tumefaction  :  an  influence  which  doubtless  is  not 
exclusively  due  to  its  power  of  relieving  the  blood-vessels. 

(f)  There  are  certain  cases  of  inflammation — cases  which  at  present  do  not 
admit  of  being  well  explained,  where,  irrespectively  of  any  known  cause,  the  process 
goes  on  by  a  sort  of  local  habit,  as  though  the  morbid  action  of  to-day  were  a  cause 
for  the  morbid  action  of  to-morrow.    And,  with  reference  to  many  of  such  cases, 

volume  on  Hydropathy  in  Acute  Disease)  describes  as  having  been  treated  by  him  under 
Professor  Traube  in  the  Charite"  Hospital  of  Berlin.  A  female  typhus-patient,  having  a 
temperature  of  105°  F.,  being  put  into  a  bath  at  95°  F.,  and  kept  in  it  for  fifty-seven  minutes, 
lost  during  tins  time  nearly  2°  F.  of  temperature.  So  many  writings  on  the  present  subject 
have  come  from  inexpert  persons  and  quacks,  that  it  is  satisfactory  to  be  able  to  refer  to  Dr. 
Armitage's  observations  as  to  those  of  an  accomplished  and  accurate  physician.  The  wet- 
sheet  packing  of  the  German  water-curers,  in  the  form  in  which  they  recommend  it  during 
febrile  conditions  of  the  system,  appears  to  act  as  a  cool  bath. 

1  See  Mr.  Witt's  interesting  pamphlet  on  the  Use  of  Ammonia  in  Scarlet-fever. 

2  See  Tyrrell  on  the  Treatment  of  Acute  Purulent  Ophthalmia,  Med.-Chir.  Transact. 
vol.  xxi. 
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we  practically  know  that  to  interrupt  the  process  is  to  cure  it.  The  slight  chronic 
inflammation  which  occasions  ordinary  hydrocele  of  the  tunica  vaginalis  is  without 
known  cause,  and  resists  common  measures  of  treatment  :  the  sac  may  be  tapped  a 
hundred  times,  and  a  hundred  times  it  will  fill  again ;  but  let  the  tapping  on  any 
occasion  be  combined  with  such  an  injection  of  iodine  as  shall  cause  an  access  of 
acute  (non-suppurative)  inflammation,  and  it  will  generally  be  found,  on  the  subsi- 
dence of  this  attack,  that  the  hydrocele  is  permanently  cured.  In  analogous 
affections  of  synovial  membranes,  the  same  principle  of  treatment  is  successfully 
acted  on ;  and  even  more  strikingly  in  some  cases  of  irritable  ulceration,  we  find 
the  great  advantage  of  thus  '  changing  the  action  of  the  part.'  Years  ago,  when 
beginning  surgical  practice,  I  saw  this  fact  illustrated  in  a  way  which  many  times 
since  it  has  been  useful  to  me  to  remember.  A  young  man,  of  generally  weak  health, 
had  all  one  side  of  his  neck  affected  with  very  painful  ulceration — not  deep,  but  ex- 
tensive and  irregularly  spreading  ;  during  some  months  all  sorts  of  tonic  and  contra- 
scrofulous  treatment  had  been  unsuccessfully  tried,  and  latterly,  on  account  of  the 
patient's  continued  suffering  and  broken  rest,  it  had  been  requisite  to  give  opium 
freely ;  when  at  last,  after  so  much  fruitless  treatment,  it  occurred  to  me  that  per- 
haps caustic  might  do  good,  and  the  whole  large  irregularly  ulcerated  area  was  in 
consequence  carefully  sponged  over  with  a  strong  solution  of  nitrate  of  silver ;  from 
which  moment  (so  soon  as  the  smart  of  the  operation  had  passed  away)  no  more 
pain  was  experienced,  ulceration  was  entirely  at  an  end,  and  without  further  treat- 
ment the  surface  forthwith  proceeded,  like  any  common  healing  sore,  to  complete 
and  permanent  cicatrisation.  If  clue  care  be  taken  to  discriminate  cases  to  which 
this  principle  of  treatment  may  properly  be  applied,  results  not  less  striking  than 
that  just  quoted  may  often  be  seen  to  follow  its  adoption :  for  instance,  the  most 
painful  paronychial  ulceration  may  often  be  cured,  as  though  with  a  specific,  if  the 
strong  iodine  paint  be  once  thoroughly  applied  to  its  surface. 

(g)  Where  the  inflamed  part  is  the  seat  of  a  putrefactive  process  (as,  of  course,  is 
the  case  wherever  gangrene  is  present)  the  use  of  chlorinous  washes — or,  perhaps 
better,  where  practicable,  the  abundant  application  of  powdered  vegetable  charcoal — 
is  to  be  recommended ;  and  this,  not  only  for  deodorising  purposes,  but  also  with  a 
view  to  reduce  as  far  as  possible  the  entrance  of  putrid  matter  into  the  patient's 
circulation.  •  Where  this  putrid  infection  is  occurring  (and  probably  its  occurrence 
in  connection  with  inflammation  is  not  altogether  confined  to  cases  where  there  is 
gangrene  in  mass),  the  resulting  diarrhcea  seems  specifically  controllable  by  kreosote, 
internally  given. 

(Ji)  In  treating  particular  cases  of  inflammation  it  often  becomes  of  great  impor- 
tance to  prevent  those  evils  which  may  accrue,  as  it  were  secondarily,  from  the  pro- 
cess :  evils,  that  is  to  say,  which  depend  on  jjroducts  and.  residts  of  inflammation. 

i.  Look,  for  instance,  at  this  common  case  :  a  patient  has  some,  perhaps  incon- 
siderable, lumbo-vertebral  disease,  which  occasions  an  abscess  to  form  in  front  of 
his  spine  ;  this  abscess  having  no  ready  outward  way  to  empty  itself,  goes  on  from 
day  to  day  slowly  getting  larger  by  addition  to  its  contents,  extends  within  the 
sheath  of  the  psoas  muscle  on  one  side,  or  perhaps  on  both  sides,  of  the  body,  and 
occupies  more  and  more  space  till  presently  it  reaches  the  inner  side  of  the  thigh  ; 
still  restrained  by  fascise  which  it  can  only  slowly  traverse,  it  grows  larger  and 
tighter  within  the  belly,  and  branches  in  whatever  direction  offers  least  impediment 
to  its  increase ;  so  that  the  patient,  whose  primary  disease  affected  perhaps  not  a 
cubic  inch  of  bone,  has  got,  as  a  secondary  result,  an  abscess  reaching  from  loin 
almost  to  mid-thigh  ;  and  when  at  length  this  abscess  bursts  or  is  opened,  there  at 
once  begins  over  the  whole  wall  of  its  enormous  cavity  a  greatly-excited  process  of 
suppuration,  under  which  the  patient  rapidly  becomes  hectic,  and  oftener  dies  than 
recovers.  There  are  evident  anatomical  reasons  why,  in  the  case  described,  the 
surgeon  can  do  comparatively  little  to  prevent  the  dangerous  accumulation :  but  in 
innumerable  other  cases,  where  similar  secondary  mischief  tends  to  arise,  it  is 
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almost  entirely  under  control.  For,  except  where  pus  is  out  of  reach  because  of 
important  intervening  viscera,  an  incision  can  at  once  render  accumulation  impossible ; 
and  it  is  one  of  the  most  imperative  rnles  of  sound  surgery,  never  to  let  any  reach- 
able abscess  enlarge  for  want  of  this  simple  proceeding.  Especially  this  rule  claims 
to  be  well  recognised  in  the  management  of  articular  inflammations.  For  there  was 
an  old  surgical  superstition,  that,  because  wounds  of  healthy  joints  are  dangerous 
accidents,  therefore  abscesses  of  joints  must  be  specially  dangerous  to  open  ;  and  even 
now  sometimes  a  surgeon  can  be  found,  who,  with  this  stupid  fear,  will  let  the  pus 
of  an  articular  abscess  increase  and  spread  till  it  disorganises  a  limb,  rather  than  use 
his  knife  to  give  it  a  timely  escape. 

ii.  With  respect  to  the  removal  of  parts  which  inflammation  has  killed,  or 
rendered  unpreservable,  only  a  few  general  remarks  are  here  necessary.  Dead  soft 
parts  are  dealt  with  by  nature  so  inimitably  well,  that  the  surgeon  during  this 
natural  process  has,  as  a  rule,  nothing  further  to  do  than  to  take  precautions 
(already  adverted  to)  against  putrid  infection,  and  to  see  that  subcutaneous  or  deeper 
sloughs  are  not  retained  or  made  noxious  by  the  want  of  sufficient  outward  opening. 
With  dead  bone  the  case  is  different  :  for  though  the  living  bone  becomes  discon- 
tinuous from  the  dead,  as  completely  as  any  living  soft  part  from  its  slough,  yet  the 
bony  sequestrum,  sometimes  held  by  overlying  textures,  sometimes  locked  within  its 
capsule  or  cylinder  of  callus,  almost  invariably  requires  surgical  assistance  for  its 
removal.  And  this  assistance  has  to  be  given  with  due  regard  to  two  considerations  : 
first,  that  it  cannot  be  effectual  till  the  natural  discontinuation  is  complete — a  period 
which  varies  from  less  than  three  weeks  in  the  case  of  small  superficial  sequestra,  to 
perhaps  more  than  two  months  where  the  entire  thickness  of  a  shaft  has  to  divide 
itself  across ;  and  secondly,  that,  when  this  period  has  arrived,  the  sequestrum  (since 
it  is  a  continuing  cause  of  inflammation)  ought  without  delay  to  be  removed. 

Also,  when  an  inflamed  extremity  becomes  in  its  whole  thickness  gangrenous,  bone 
and  soft  parts  together,  surgery  must  in  most  instances  be  the  agent  of  its  separation  : 
and  here,  even  more  than  in  the  last-mentioned  case,  the  moment  for  surgical  inter- 
ference requires  to  be  judiciously  chosen.  In  reference  to  this  choice,  the  only 
general  principle  which  can  here  be  stated  (and  it  is  one  which  transfers  the  discus- 
sion to  future  pages  of  the  present  work)  is,  that,  in  order  to  amputate  with 
success  for  gangrene  resulting  from  inflammation,  we  must  wait  till  the  inflammation 
have  ceased  to  be  a  spreading  process — wait,  till  nothing  more  of  it  be  left  than 
that  which  the  gangrenous  tissues  maintain  in  their  own  immediate  vicinity. 
Indeed,  not  only  where  inflammation  is  gangrenous,  but  commonly  with  the  results 
of  local  injury  or  disease,  in  proportion  as  advancing  inflammation  and  inflammatory 
fever  are  present,  amputation  is  likely  to  bring  worse  evils  than  it  can  remove.  And 
with  every  inflammation  which  suggests  a  necessity  to  amputate,  the  same  principle 
applies  as  that  which  is  recognised  with  inflammatory  gangrenes ;  to  wait  till 
nature  have  arrested  the  process,  and  have  circumscribed  its  results  by  her  own  line 
of  demarcation. 

Long-continued  exhaustive  suppuration,  and  perhaps  in  some  very  few  cases  the 
mere  pain  and  irritativeness  of  an  intractable  chronic  inflammation,  are  other  condi- 
tions which  (for  instance,  where  joints  are  affected)  may  oblige  the  surgeon  to  excise 
or  amputate.  But  the  rules  which  are  appropriate  to  these  cases,  as  well  as  the  rules 
which  relate  to  the  treatment  of  parts  rendered  useless  and  inconvenient  by 
inflammation,  are  of  too  special  a  kind  to  be  considered  in  the  present  essay. 

(i)  The  pain  of  inflamed  parts  is  very  often  sufficiently  considerable  to  require 
that  special  means  should  be  taken  for  its  relief.  And  often  under  such  circumstances, 
unless  in  the  individual  case  there  be  reasons  against  it,  opium,  or  other  like  treat- 
ment, must  be  had  recourse  to.  But  before  concluding  that  this  is  necessary  (espe- 
cially where  severe  pain  outlasts  or  outmeasures  the  apparent  intensity  of  an  inflam- 
mation) the  surgeon  will  carefully  consider  whether,  instead  of  thus  palliating  the 
patient's  pain,  he  cannot  in  other  ways  more  effectually  remove  it.  Some  of  the 
worst  pains  depend  on  the  presence  of  pus  :  a  patient,  who  perhaps  for  years  has 
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been  racked  with  pain  in  one  or  other  end  of  his  tibia  to  an  extent  that  no  narcotics 
could  reader  tolerable,  is  instantly  and  permanently  relieved  by  the  trephine,  which 
lets  out,  it  may  be,  not  a  teaspoonful  of  confined  pus  from  within  the  bone ;  and  in 
innumerable  suppurations  of  soft  parts  (breasts,  joints,  tonsils,  lymph-glands,  even 
cellular  membrane)  all  which  is  severest  in  the  pain  depends  upon  the  pressure  of  pus, 
and  may  be  ended  with  the  stroke  of  a  bistoury.  Other  extreme  pains  have  other 
removable  causes  :  the  pain  of  simple  subarticular  caries,  so  severe  while  the  joint  is 
let  move,  becomes  tolerable  under  the  proper  use  of  the  splint ;  and  in  the  frequent 
case  where  subarticular  caries  is  kept  up  by  the  constant  irritation  of  some  small 
sequestrum  of  bone,  its  terrible  pain  will  cease  if  this  sequestrum  be  withdrawn. 
And  there  are  other  cases  where  some  atrocious  pain,  together  with  the  inflammation 
which  it  characterises,  can  be  treated  (as  our  next  section  will  show)  by  drugs  more 
effectual  than  opium. 

Inflammatory  pain  is  often  relieved  by  the  moist  warmth  of  poultices  and  fomen- 
tations. The  diffuse  derivative  action  thus  exerted  is,  no  doubt,  often  the  immediate 
cause  of  relief.  In  some  cases,  especially  in  those  of  superficial  phlegmonoid  inflam- 
mation, the  relaxative  influence  which  moist  warmth  exerts  on  the  contractile  tissue 
of  the  skin  may  have  more  to  do  with  the  results. 

Poultices  and  fomentations  at  higher  degrees  of  temperature — indeed  as  hot  as 
the  patient  can  bear  them — are  used  by  some  practitioners  in  order  to  accelerate  the 
formation  and  discharge  of  pus.  And  there  can  be  no  doubt  that  the  stimulus  of 
heat  thus  applied  may  produce  the  proposed  effects — may  quicken  the  actions  which 
give  pus,  and  may  expedite  the  ulcerative  changes  which  allow  an  abscess  to  empty 
itself.  But  in  both  respects  the  method  of  treatment  is  objectionable  :  for,  on  the 
one  hand,  if  pus  have  not  formed,  its  formation  ought,  if  possible,  to  be  prevented ; 
and  on  the  other  hand,  if  pus  have  formed,  the  course  is  infinitely  better  that  at 
once  we  discharge  it  by  incision,  than  that,  during  the  slow  action  of  poultices,  we 
allow  the  abscess  painfully  to  become  perhaps  many  times  larger  than  it  need  have 
been. 1 

(k)  There  are  kinds  of  inflammation  which  have  their  specific  antidotes.  The 
periostitis  and  rupial  phagedena  of  tertiary  syphilis  cease  when  iodide  of  potassium 
begins  to  act.  The  paroxysm  of  gout  is  relieved  by  colchicum.  Many  chronic  skin- 
inflammations  are  more  or  less  amenable  to  arsenic.  Others  are  tractable  by  pitch. 
Sometimes  a  fibrous  inflammation  (perhaps  especially  sclero- iritis)  will  abruptly  yield 
to  a  few  doses  of  turpentine.  Mercurial  inflammation  of  the  mouth  is  cured  by 
chlorate  of  potash.  For  some  chronic  rheumatisms  sulphur  seems  to  be  a  cure. 
The  inflammations  of  secondary  syphilis  are  subdued  by  mercury.  Occasionally,  but 
not  often,  an  inflammation  called  scrofulous  will  suddenly  begin  to  go  when  cod-liver 
oil  is  given.  To  some  cases  of  inflammation,  alcoholic  stimulants  are  a  benefit;  to 
others,  the  tonic  influence  of  quinine.  Malarious  neuralgia  (but  how  far  this  is 
inflammatory  may  be  questioned)  is  stopped  by  the  drugs  which  cure  common  ague. 
And  other  cases,  niore  or  less  satisfactory,  might  be  adduced  to  the  same  general 
effect. 

It  would  be  impossible  here  to  discuss  at  any  length,  either  the  circumstances 
under  which  these  several  specific  agencies  may  be  employed,  or  the  intimate  nature 
of  their  respective  operations  on  the  body.  As  regards  the  former  set  of  questions, 
the  writer  can  only  refer  to  treatises  on  the  several  specific  diseases  which  he  has 
named;  and  as  regards  the  latter  set  of  questions,  he  will  only  venture  on  one 
general  remark.  Wherever  we  oppose  inflammation  by  means  which,  comparatively 
speaking,  are  intelligible  to  us,  our  agencies  are  those  which  depress  common  textural 
excitement ;  hence  in  the  obscurer  cases  now  referred  to,  where  textural  excitement 

1  It  is  a  venerable  practice  which  the  writer  ventures  to  condemn.  More  than  two  thou- 
sand years  ago,  Aristotle  seems  to  have  been  puzzled  by  the  therapeutics  of  poulticing 
Why  is  it  (he  asks)  that  one  man  ripens  inflammation  with  heat,  while  another  man  re- 
solves it  with  cold  ?  5ia  rt  ras  auras  (pXeynaa-ias  ol  f.itv  -ifsvxovres  vyui^ova-iv,  oi  fie  dtij/xalvuvTes 
TreTTTovo-iv  ■  Prohlemat.  45. 
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yields  to  remedies  of  n.  different  description — to  remedies  which  are  non-depressive  or 
even  stimulant  in  their  kind  (as,  for  instance,  where  psoriasis  yields  to  arsenic,  or 
iritis  to  Chios  turpentine) — it  seems  reasonable  to  infer  that  the  action  of  the  remedy 
is  not  primarily  on  the  inflammation  itself,  but  rather  on  those  hitherto  not  analysed 
conditions  of  dyscrasy  or  ferment  wherein  the  inflammation  has  its  cause. 

And  this  argument  suggests  that  here  may  be  the  mosb  convenient  place  to 
mention  how  great  an  influence  is  exerted  on  some  dyscrasial  states  by  the  treatment, 
or  part  of  the  treatment,  which  is  popularly  known  as  the  '  water-cure.'  Much 
bequacked  though  this  subject  has  been,  the  student  ought  to  be  aware  that,  accord- 
ing to  the  testimony  of  very  competent  observers,  the  water-cure  is,  for  good  or  bad, 
an  active  method  of  treatment ;  which,  if  practised  during  health,  causes  the  body  to 
undergo  considerable  chemical  changes;  and  which,  if  medically  applied,  is  capable 
of  greatly  aggravating  or  greatly  amending  different  morbid  conditions.  It  is 
declared  to  be  highly  effective  against  some  of  the  chronic  and  recurrent  inflamma- 
tions just  adverted  to — especially  against  gout  and  rheumatism,  and  against  those 
skin-diseases  and  those  so-called  '  congestions '  of  liver  and  mucous  membranes  which 
depend  on  the  same  dyscrasies,  or  on  kindred  constitutional  states.  Reverting  to 
what  in  a  former  section  was  argued  with  regard  to  the  pathology  of  gout  and  some 
allied  disorders,  we  cannot  be  surprised  that  certain  measures  of  water-treatment 
should  enjoy  a  reputation  for  curing  them.  For  assuredly  our  first  practical  step 
from  those  pathological  considerations  would  be,  to  inquire  after  means  whereby 
defective  textured  waste  can  be  accelerated  ;  and  probably  such  means  are  presented  in 
their  simplest  and  most  manageable  form  in  some  of  the  appliances  of  the  water-cure. 
With  increased  water-drinking  there  is  increased  discharge  of  solids  in  the  urine. 
Bbcker,  experimenting  on  himself  during  two  successive  weeks,  with  different  allow- 
ances of  water,  found  that  while  he  was  drinking  daily  about  five  pints  of  water,  the 
solids  of  his  urine  were  nearly  10  per  cent,  more  than  when  he  drank  only  about  two 
pints  of  water ;  the  urea  being  increased  by  fully  a  twelfth  part,  the  chlorides  by 
nearly  a  third,  and  the  sulphates  and  phosphates  less  considerably.  Again,  as 
regards  the  external  appliances  :  Dr.  Lehmann  of  Rolandseck  says  that  after  a  cold 
sit-bath  lasting  a  quarter  of  an  hour  (during  which  about  a  fifth  of  the  entire  surface 
of  the  skin  is  reduced  as  much  as  12°  F.  in  temperature)  the  urea  and  uric  acid  are 
both,  for  the  time,  greatly  increased — a  result  which  he  attributes  to  greater  aeration 
of  the  blood,  consequent  on  the  respiration  being  accelerated,  wliile  the  pulse  is 
rendered  less  frequent;  and  he  estimates  that  67r>  grains  of  carbon  must  be  oxidised 
to  repair  the  loss  of  temperature  which  the  bath  occasions.  The  protracted  sudorific 
packings  are  said  to  produce  a  more  considerable  waste  of  tissue  than  any  other  of 
the  measures  employed.  Persons  who  have  given  most  attention  to  these  methods 
of  treatment  affirm  that  during  their  action,  in  cases  to  which  they  are  suitable,  the 
healthy  nutrition  of  the  body  is  promoted,  in  proportion  as  refuse-materials  are 
actively  disengaged.  They  insist  upon  this  as  an  essential  distinction  between  water- 
treatment,  and  treatment  by  mercury  or  other  eliminative  drugs. 

(I)  Purgative  preparations  of  mercury  have  already  been  mentioned  as  capable  of 
contributing  to  the  dejfletive  treatment  of  inflammation.  But  other  antiphlogistic 
merits  are  claimed  for  mercury  ;  and,  although  the  validity  of  these  claims  is  hitherto 
far  from  being  settled,  there  is  much  consent  of  authority  in  favour  of  at  least  one 
part  of  them  : — viz.,  that  the  constitutional  action  of  mercury  opposes  the  organising 
efforts  of  inflammation ;  and  that  accordingly,  if  the  drug  be  given  in  such  sufficient 
successive  quantities  as  to  produce  a  certain  amount  of  mercurial  cachexia,  inflamma- 
tion will  be  prevented  from  leaving  behind  it  those  adhesions  and  false  membranes 
which,  when  left,  are  often  permanent  injuries  to  health. 

It  is  scarcely  possible  at  present  to  speak  with  certainty  on  this  alleged  action  of 
mercury.  Perhaps  some  who  defend  it  have  too  easily  taken  it  for  granted  that 
what  they  sec  of  it  in  syphilitic  iritis  (where  the  existing  morbid  poison  is  specifically 
subject  to  mercury)  must  be  common  to  it  under  all  circumstances.  Perhaps,  too, 
some  have  not  sufficiently  discriminated  between  the  organising  actions  of  inflamma- 
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tion  and  the  mere  laminar  concretion  of  fibrin — have  not  sufficiently  made  sure  that 
what  has  seemed  to  be  the  disintegration  of  nascent  tissue  has  not  been  mere  dissolu- 
tion and  removal  of  clot.  Perhaps,  moreover,  many  who  speak  very  confidently  on 
the  power  of  mercury  to  cause  the  removal  of  inflammatory  effusions  are  not  aware 
of  the  great  efforts  which  unassisted  nature  makes  for  this  purpose  ;  efforts  so  great 
and  so  successful,  that  some  of  the  first  living  physicians,  even  in  dealing  with 
pleuritic  and  pcricarditic  effusions,  trust  almost  entirely  to  the  natural  process,  and 
busy  themselves  with  little  more  than  repairing  the  patient's  general  health. 

On  the  other  hand,  in  such  glimmering  light  as  pathology  can  throw  on  the 
subject,  it  does  not  seem  impossible  that  mercury  may  act  in  the  manner  described. 
That  its  common  primary  action  is  to  prevent  or  unsettle  some  chemical  combination 
within  the  body  —  some  combination  which  stands  in  close  antecedence  to  more  than 
one  special  secretion — has  been  taken,  almost  by  common  consent,  as  the  hypothesis 
whereby  to  account  for  its  power  of  stimulating  simultaneously  many  different 
secreting  organs.  And  it  is  no  great  enlargement  of  this  hypothesis  to  believe  that 
the  drug,  with  prolonged  use,  can  extend  its  disintegrative  action  from  lower'  to 
higher  organic  combinations — from  material  which  is  nearest  excretion  to  material 
which  forms  part  of  structure.  Contemporary  experience  fortunately  does  not  give 
us  on  this  point  such  crucial  experiments  as  were  made  by  the  salivators  of  fifty 
years  back;  but  tradition  says,  that,  in  patients  whose  mercurialism  was  measured 
by  the  potful,  granulating  surfaces  used  often  to  change  their  action  to  sloughing, 
broken  bones  would  be  withheld  from  repairing  themselves,  and  even  united  fr  actures 
would  sometimes  re-dissever  their  union.  For  these  reasons  one  hesitates  to  deny 
that  mercury  can  disorganise  even  the  completest  texture  which  adhesive  inflamma- 
tion leaves  behind  it.  But  it  seems  little  likely  that  any  fully-organised  new  tissue 
can  be  thus  changed,  except  under  an  amount  of  cachexia  which  would  equally 
endanger  the  vitality  of  other  tissues ;  and  there  certainly  is  not  room  to  suppose 
that  mercurialism,  in  its  common  antiphlogistic  use,  borders  so  very  closely  on 
poisoning.  Accordingly,  if  mercurial  cachexia  in  its  lesser  degrees,  and  indepen- 
dently of  the  purging  which  may  attend  it,  has  a  real  effect  on  inflammatory 
products,  this  effect  probably  relates  only  to  such  products  as  are  not  organised,  and 
perhaps  is  nothing  more  than  the  giving  of  some  special  assistance  to  the  dissolution 
and  removal  of  fibrin. 

How  far  it  is  desirable,  for  the  sake  of  this,  or  any  proved  or  believed  advantage, 
to  have  recourse  to  mercurialism  as  a  part  of  common  antiphlogistic  treatment,  is  a 
practical  question  on  which  there  are  wide  differences  of  opinion.  For  myself,  I  may 
confess,  that,  for  many  past  year's  in  my  treatment  of  inflammation  (excepting,  of 
course,  certain  syphilitic  inflammations)  I  had  never  had  recourse  to  mercurialism. 
I  had  previously  got  to  regard  its  influence  as  often  the  very  reverse  of  febrifuge  ;  1 
and  my  utmost  use  of  mercury  in  inflammation  has  long  been  only  to  give  it  in 
single  purgative  doses.  But  it  would  be  unjust  to  form  an  estimate  of  the  value  of 
mercury  from  an  exclusively  surgical  practice ;  and  the  following  paragraphs  from 
Sir  T.  Watson's  admirable  '  Lectures  orr  the  Practice  of  Physic,'  besides  showing  that 
in  this  different  field  of  practice,  opinions,  entitled  to  the  highest  respect,  are  ex- 
pressed in  favour  of  the  drug,  may  also  serve  to  teach  on  the  best  authority  how  such 
opinions  are  practically  carried  into  effect.  '  Next  to  blood-letting,  as  a  remedy,  and 
of  vastly  superior  value  upon  the  whole  to  purgation,  in  serious  inflammations  of 
various  kinds,  is  mercury.  This  mineral  is  really  a  very  powerful  agent  in  control- 
ling inflammation ;  especially  acute,  phlegmonous,  adhesive  inflammation,  such  as 
glues  parts  together,  and  spoils  the  texture  of  organs '..,.'  and  if  we,  in  out- 
turn, could  always  bridle  and  limit  the  influence  of  mercury  itself,  it  would  be  a  still 

1  An  obser  vation  made  by  Dr.  Spielmann  (op.  cit.  p.  22)  seems,  in  this  respect,  to  he  of 
considerable  interest : — '  Lorsque  dans  le  corns  d'une  maladie  aigue  contre  laquelle  on  a 
employe  la  mercrue,  il  survient  une  stomatite  mercurielle,  la  temperature  subit  tin  accroisse- 
ment  notable.  De  39  a  40°  elle  est  portee  a,  41  a  42°.  Cette  elevation  anormale  persiste 
aussi  longtemps  que  la  stomatite.  II  faut  done  se  garder  d'attribuer  l'elevation  de  la  tem- 
perature on  la  recrudescence  de  la  fievre  a  une  exacerbation  de  la  maladie  primitive.' 
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more  valuable  resource '  ....  '  In  common  adhesive  inflammation,  whether  of  the 
serous  or  the  areolar  tissues,  whenever,  in  fact,  you  have  reason  to  suppose  that 
coagulable  lymph  is  effused,  or  about  to  be  effused,  and  mischief  is  likely  to  result 
from  its  presence,  then  you  may  expect  benefit  from  the  proper  administration  of 
mercury ;  as  an  auxiliary,  however,  to  blood-letting,  when  blood-letting  is  indicated 
— not  as  a  substitute  for  it.  On  the  other  hand,  mercury  is  likely  to  be  hurtful  in 
those  forms  of  disease  where  the  morbid  action  approximates  to  its  own  action ;  in 
cases  of  erysipelatous  inflammation  having  a  disposition  to  gangrene  ;  in  scrofulous 
diseases,  in  inflammatory  complaints  attended  witli  general  debility,  and  an  irritable 
condition  of  the  nervous  system,  or  a  manifest  tendency  to  take  on  a  low  and  typhus- 
like character.  When  we  have  to  contend  with  acute  inflammation,  and  desire  to 
prevent  or  arrest  the  deposition  of  coagulable  lymph,  our  object  is,  after  such  bleed- 
ing as  may  have  been  proper,  to  bring  the  system  as  speedily  as  possible  under  the 
specific  influence  of  mercury.'  .  .  .  .  '  We  know  that  the  whole  system  has  been 
brought  under  the  specific  influence  of  mercury  as  soon  as  its  effects  become  even 
slightly  perceptible  in  the  gums  and  in  the  breath  of  the  patient ;  and  in  adults  we 
cannot  be  sure  of  it  before.  The  gums  grow  red  and  spongy ;  the  patient  complains 
that  his  gums  are  sore ;  and  that  he  has  a  metallic  taste,  a  taste  like  that  of  copper, 
in  his  mouth.  At  the  same  time,  an  unpleasant  and  very  peculiar  fcetor,  easily 
recognised  again  when  it  has  been  once  perceived,  is  smelt  in  his  breath.  These 
symptoms  are  enough  ;  you  need  not  in  general  look  for  any  more  decided  affection 
of  the  mouth,  such  as  ulceration  of  the  gums,  swelling  of  the  glands  beneath  the 
jaw  and  of  the  tongue,  and  a  profuse  flow  of  saliva all  that  is  requisite  is 
that  the  gums  should  become  distinctly  tender,  and  that  the  mercurial  foetor  should 
be  unequivocally  manifest,  and  that  these  symptoms  should  be  kept  up  for  a  certain 
time.  Now  this  is  best  effected,  usually,  by  giving  some  form  of  mercury  in  equal 
and  repeated  doses,  by  the  mouth.  For  urgent  cases  calomel  is  the  best  form  in 
which  it  can  be  administered ;  two  or  three  grains  given  every  four  or  six  hours 
will  generally  suffice  to  touch  the  gums  in  the  course  of  thirty-six  or  forty-eight 
hours.  If  it  act  as  a  purgative,  its  specific  effect  upon  the  whole  system  will  be 
postponed  by  that  circumstance  ;  and  it  then  becomes  expedient  to  combine  with  it 
just  so  much  opium  as  will  prevent  its  passing  off  by  the  bowels.  A  quarter  of  a 
grain  of  opium  with  two  grains  of  calomel—  or  a  third  of  a  grain  of  opium  with  three 
or  four  grains  of  calomel — will  generally  be  sufficient  to  restrain  the  purgative  opera- 
tion of  the  latter.  When  a  speedier  effect  is  desirable  we  give  larger  doses  :  such  as 
five  or  ten  grains  every  three,  or  even  every  two,  hours ;  or  we  combine  mercurial 
inunction  with  the  exhibition  of  calomel  by  the  mouth.  It  is  impossible  to  lay  down 
any  precise  rule  that  will  fit  all  cases.  Blue  pill,  or  else  the  hydrargyrum-cum-creta, 
may,  in  certain  cases,  be  preferable  to  calomel ;  but  they  must  be  given  in  greater 
quantity.'  .  .  .  .  '  This  mode  of  administering  mercury,  so  as  to  affect  the  system  at 
large,  is  eminently  useful  in  many  instances  of  acute  phlegmonous  inflammation, 
after  bleeding  has  been  carried  as  far  as  the  circumstances  of  the  case  may  warrant. 
I  repeat  that  it  must  not  be  allowed  to  supersede  blood -letting,  when  that  remedy 
would  of  itself  be  eligible.  Previous  bleeding  renders  the  body  more  readily  sus- 
ceptible of  the  influence  of  mercury ;  and  the  operation  of  the  mercury  comes  in  aid 
of  the  salutary  effect  of  the  abstraction  of  blood.  The  two  remedies  accomplish  by 
their  joint  power  what  neither  of  them  might  be  able  to  accomplish  singly.'  .... 
'  Mercury  is  of  great  service  in  many  cases  of  chronic  inflammation  ;  and  I  may 
repeat  here  the  observation  I  formerly  made  when  speaking  of  blood-letting  -that 
the  treatment  must  keep  pace,  as  it  were,  with  the  disease.  When  textures  have 
been  slowly  altered  by  a  gradual  deposition  of  coagulable  lymph,  we  should  gain 
little  or  nothing  by  suddenly  or  speedily  salivating  our  patient.  The  lymph,  if  it 
can  be  dispersed  at  all,  must  be  gradually  taken  up  again ;  and  mercury,  given  with 
the  view  of  promoting  its  absolution,  must  be  slowly  and  gradually  introduced  into 
the  system,  and  its  specific  influence,  when  at  length  it  is  felt,  must  be  sustained  for 
a  considerable  length  of  time.  You  must  not  expect  any  good,  but  the  contrary, 
from  the  exhibition  of  mercury  in  scrofulous  inflammations;  and  where  the  scrofu- 
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lous  diathesis  is  well  marked,  you  should  be  cautious  in  giving  mercury  at  any  time. 
But  I  am  certain  that  many  men  are  too  scrupulous  in  this  respect ;  and  that, 
through  over-tenderness  of  your  patient's  constitution,  you  may  risk  his  life,  by  with- 
holding mercury  because  he  shows  tokens  of  scrofula.  You  may  recollect  my  stating 
that  scrofulous  persons  are  not  exempt  from  attacks  of  common  inflammation  •  and 
in  some  such  cases  the  possible  aggravation  of  their  general  ill-health,  by  mercury,  is 
not  to  be  put  in  competition  with  the  immediate  danger  from  the  local  inflammation. 
I  have  again  and  again  seen  scrofulous  patients  benefited  by  moderate  salivation  ; 
which,  if  it  proved  injurious  at  all  to  their  general  condition,  was  certainly  less 
injurious  than  the  unchecked  local  complaint  would  have  been.' 

The  only  further  remarks  which  I  think  it  necessary  to  make  on  the  present 
subject,  though  they  are  founded  mainly  on  the  use  of  mercury  in  syphilis,  are  also 
of  important  bearing  on  any  proposed  use  of  it  in  inflammations  : — first,  that  in 
cases  of  obstinate  resistance  to  mercurialism,  the  resistance  will  often  give  way,  if 
antimony  during  a  day  or  two  be  also  administered  to  the  patient — a  half-grain  dose 
of  tartar-emetic  to  begin  with,  and  afterwards  a  few  quarter-grain  doses  at  eight-hour 
intervals ;  next,  that  long  continued  mercurialism  not  only  does  not  need  to  be 
assisted  by  other  lowering  measures,  but  almost  always'requires  to  be  combined  with 
generous  diet,  and  not  infrequently  is  attended  with  better  results  if  the  patient  be 
treated  simultaneously  with  doses  of  iron  or  quinine. 

The  effects  of  mercury  on  the  mouth  sometimes  greatly  exceed  the  intentions  of 
the  administrator;  and  it  may  therefore  be  convenient  here  to  mention  that  for  this 
action  on  the  mouth  chlorate  of  potash  appears  to  be  an  antidote.  Information  on 
this  subject,  derived  by  M.  Alfred  Fournier 1  from  the  practice  of  M.  Ricord, 
entirely  confirms  the  statements  previously  made  by  Herpin  and  others.  And,  so 
far  as  my  own  trials  of  it  have  gone,  I  can  speak  to  the  same  effect. 

(m)  The  convalescence  of  a  part  from  inflammation — the  process  by  which, 
when  inflammation  has  begun  to  decline,  the  texture  regains  its  old  conformation 
and  reverts  to  its  old  habits  of  life,  is  one  in  which  nature,  commonly  speaking,  acts 
without  solicitation  from  art.  Subsidence  of  excitement  having  once  commenced, 
gradually  but  spontaneously  the  normal  order  of  things  appears  again ;  the  ulcerated 
substance,  so  far  as  it  admits  of  reparation,  is  repaired  by  a  continuous  process  of 
growth ;  the  inflammatory  effusion,  so  far  as  it  has  not  become  permanent  tissue,  is 
re-absorbed;  the  dilated  blood-vessels  return  to  their  former  dimensions.  And 
while  these  actions  of  recovery  move  on  in  their  due  course,  the  best  that  we  can  do 
is  to  refrain  from  interfering  with  them. 

But  sometimes  the  process  hangs  fire ;  the  ulcer,  though  no  longer  inflaming, 
yet  does  not  actively  repair  itself;  the  granulations,  though  up  to  the  skin-level,  do 
not  cover  themselves  with  cuticle ;  the  serous  or  fibrinous  effusion,  though  free 
from  pus,  does  not  get  removed ;  the  mucous  membrane,  though  scarcely  over 
sensitive,  does  not  stay  its  defluxion ;  the  blood-vessels,  though  local  hypersemia  be 
no  longer  demanded  by  local  excitement,  remain  of  augmented  calibre.  And  under 
these  circumstances  we  may  do  good  by  interference. 

In  a  large  proportion  of  such  cases  the  defect  of  local  action  subsists  through  no 
fault  of  the  part,  but  through  some  incompetency  of  the  general  system.  Inordinate 
severity  of  the  recent  inflammation  and  fever,  or  over-vigorous  depressive  treat- 
ment, or  previous  unwholesome  influences,  or  constitutional  peculiarity,  may  have 
set  the  body  into  a  state  unfavourable  for  convalescence.  The  blood  may  be  not 
nutritive  enough  for  the  purposes  of  reconstruction,  or  the  nerve-power  may  be  too 
reduced  for  the  recovery  of  vascular  tone.  And  under  any  such  circumstances  our 
best  mode  of  assisting  the  local  recovery  is,  to  amend  the  general  health  in  respect  of 
whatever  defect  we  discover  there ;  perhaps  by  more  animal  food,  perhaps  by  more 

1  Legons  sur  le  Chancre,  professees  par  le  Dr.  Ricord,  redigees  et  publiees  par  Alfred 
Fournier :  append,  no.  xii.  The  doses  of  chlorate  of  potash  given  were  commonly  ninety 
grains  during  the  day  ;  and  it  is  very  expressly  stated,  that,  while  the  inflammation  of  the 
mouth  is  thus  effectually  cured,  the  therapeutical  influence  of  the  mercury  is  in  no  degree 
diminished. 
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alcoholic  stimulants,  perhaps  by  removal  to  country-air,  perhaps  by  quinine,  perhaps 
by  iron  :  during  which  treatment  (particularly  where  the  object  is  to  recover  local 
vascular  tone)  it  may  sometimes  be  desirable  also,  but  with  much  caution,  to  use 
direct  stimulants  to  the  inactive  part. 

But  sometimes  it  happens  that  local  recovery  is  languid,  in  cases  where  the 
general  health  either  has  shown  no  defect  or  has  apparently  been  relieved  from  any 
which  existed.  And  it  is  especially  in  these  cases  that  local  stvnmlating  treatment 
may  be  of  essential  service.  Direct  means  for  this  end  are  very  various,  and  of 
course  require  to  be  chosen  with  special  reference  to  the  part  on  which  they  are  to 
act.  Thus,  when  an  ulcer  or  a  superficial  mucous  membrane  is  concerned,  we  have 
recourse  to  the  occasional  touch  of  some  chemical  stimulant  (of  nitrate  of  silver  or 
sulphate  of  copper,  for  instance,  either  solid  or  in  strong  solution,  or  of  iodine  paint), 
or  to  the  continuous  application  of  similar  substances  in  extremely  weak  solution. 
Where  skin-covered  solids  are  to  be  treated,  we  try  the  occasional  employment  of 
the  colli  douche,  or  of  friction  or  electricity,  or  the  continual  maintenance  of  pres- 
sure. Where  serous  or  synovial  sacs  are  to  be  dealt  with,  we  use  such  vesicants  or 
strong  irritants,  as,  when  applied  to  the  covering  skin,  will  extend  their  stimulation 
to  the  deeper  texture.  And,  among  the  cases  referred  to,  there  are  some  where  the 
local  treatment  is  often  of  very  marked  advantage ;  as  those  cases  of  serous  and 
synovial  dropsy,  and  those  cases  of  indolent  infiltration  of  glands,  where  blistering 
can  most  properly  be  used  ;  and  those  of  chronic  vascular  congestion  for  which  the 
douche  is  more  specially  suitable. 

It  will  be  observed  that  some  of  the  agencies  here  mentioned  have  already  been 
referred  to,  as  occasionally  useful  in  other  circumstances;  namely,  not  when  all 
inflammatory  excitement  has  passed  away,  but  even,  under  peculiar  conditions, 
during  a  certain  amount  of  chronic  excitement ;  and  for  the  immediate  purpose  of 
converting  that  chronic  excitement  into  transient  acute  inflammation.  Those 
objects  are  professedly  different  from  the  objects  here  under  discussion  ;  but  it  is  not 
always  easy  to  separate  the  two  classes  of  cases,  which  here  for  convenience  have 
been  distinguished  ;  nor  can  it  confidently  be  said  that  the  respective  methods  of 
treatment  differ,  except  in  degree,  from  each  other. 

It  also  deserves  notice  that  there  are  textures,  which,  if  after  inflammation  they 
require  to  be  stimulated  in  their  actions  of  repair,  may  have  specific  stimulants 
conveyed  to  them  through  the  blood.  Habitually,  in  the  treatment  of  pulmonary 
and  urinary  catarrhs,  the  affected  mucous  membrane  is  in  this  way  stimulated  by 
some  resinous  or  balsamic  drug  taken  into  the  stomach  ;  and  occasionally,  in  well- 
selected  cases  and  with  extreme  caution,  the  spinal  cord  may  be  thus  affected  by 
strychnine.  It  scarcely  needs  to  be  said  that,  in  every  case  where  question  arises  of 
stimulating  an  important  organ  which  has  been  inflamed,  full  regard  must  be  had 
to  the  danger  that  undue  local  action  may  thus  again  be  excited.  More  than 
ordinary  care  must  be  used,  both  as  to  the  local  admissibility  of  stimulation,  and  as 
to  the  particular  stimulus  which  may  most  fitly  be  employed ;  and  in  proportion  as 
the  case  is  critical,  the  practitioner  will  scrupulously  consider  whether  the  desired 
end  can  be  attained  by  means  less  liable  to  mischance. 

B.  CAUTIONS  AS  TO  THE  APPLICATION  OF  ANTIPHLOGISTIC 

TREATMENT. 

In  discussing  hitherto  the  various  means  by  which  inflammation  may  be  treated, 
the  writer  (in  accordance  with  the  intention  of  the  present  essay)  has  of  necessity 
done  so  in  very  general  terms.  Also  he  has  rather  sought  to  show  what  indications 
those  several  means  are  capable  of  fulfilling,  and  on  what  principles  they  accordingly 
must  be  used,  than  pretended  to  arrange  all  possible  cases  of  inflammation  under 
different  heads  with  an  appropriate  system  of  treatment  for  each.  A  more  detailed 
exposition  of  the  subject,  and  a  more  clinical  method  of  considering  it,  have  alike 
been  thought  unsuitable  to  the  present  occasion.    Perhaps  therefore  it  may  be  well 
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to  remind  the  student  that  general  principles  will  be  valueless  to  him  for  practical 
work  unless  they  be  applied  with  thorough  attention  to  detail.  Practically  to 
recognise  what  distinctive  treatment  is  wanted  in  each  individual  case,  and  practi- 
cally to  estimate  with  what  quantity  of  such  treatment  the  want  can  sufficiently  be 
met,  these,  the  hourly-recurring  problems  of  practice,  can  only  be  solved  by  the  man 
who  minutely  studies  the  case  which  is  before  him,  and  intelligently  compares  it 
with  other  like  and  unlike  cases  previously  also  studied  with  minuteness.  No  more 
than  the  galvanic  battery  can  produce  its  results  without  the  wires  which  complete 
its  circle,  can  tbe  great  truths  of  pathology  and  therapeutics  conduce  to  the  success- 
ful treatment  of  individual  cases  of  disease,  except  through  the  medium  of  observant, 
discriminative,  skilled  application.  Fully  to  exhibit  the  art  of  this  application  is 
the  business  of  the  clinical  teacher,  and  his  function  cannot  be  imitated  with  success 
in  any  printed  system  of  surgery.  Moreover,  as  regards  the  treatment  of  inflam- 
mation, whatsoever  is  distinctive  in  the  requirements  of  different  organs  when  they 
are  inflamed,  and  whatsoever  is  distinctive  in  the  requirements  of  different  varieties 
of  inflammation,  will  be  discussed  in  special  succeeding  articles,  and  are  therefore  no 
part  of  the  present  writer's  subject.  Accordingly  I  will  attempt  nothing  further, 
before  closing  this  section  of  my  essay,  than  to  convey  some  few  cautions  (still  of  a 
general  nature,  though  from  a  more  bed-side  point  of  view  than  I  have  yet  taken)  as 
to  the  spirit  in  which  antiphlogistic  treatment  must  be  applied ;  not  pretending  to 
direct  the  student  as  to  the  circumstantial  treatment  of  individual  cases,  but  rather 
seeking  to  deter  him  from  too  hasty  conclusions  as  to  the  facility  of  treating  inflam- 
mation from  the  basis  of  general  formula?. 

Inflammation,  seen  at  its  onset,  commencing  violently,  exciting  general  vascular 
sympathy,  and  affecting  some  important  part  in  a  person  otherwise  sound  and 
vigorous,  may,  in  the  absence  of  qualifying  circumstances,  be  regarded  as  the  type  of 
cases  for  which  lowering  treatment  is  appropriate.  Where  the  enumerated  conditions 
are  reversed,  or  in  certain  respects  qualified  by  other  conditions,  such  treatment 
ceases  to  be  admissible. 

In  proportion  as  the  patient's  age,  mode  of  life,  previous  or  present  disease,  or 
other  circumstances,  render  him  peculiarly  liable  to  depression,  general  bleeding, 
antimony,  and  vigorous  purging  fall  from  our  list  of  applicable  means ;  giving  place 
(even  though  the  inflammation  be  acute  and  important)  to  local  agencies,  repressive 
or  derivative,  and  to  moderate  febrifuge  tieatment.  In  proportion  as  the  inflamma- 
tion is  no  longer  commencing — still  more  where  it  has  become  chronic,  or  has  estab- 
lished suppuration,  lowering  measures  are  sure  to  be  hurtful.  Where  the  inflamma- 
tion is  in  its  kind  ulcerative  or  gangrenous,  lowering  treatment  is  almost  absolutely 
contra-indicated.  Where  the  inflammation  depends  on  any  specific  dyscrasia,  lower- 
ing treatment  can  scarcely  ever  be  advantageous,  nor  perhaps  generally  can  be 
harmless.  Where  the  inflammation  is  produced  by  a  morbid  poison,  very  moderate 
febrifuge  treatment  is  commonly  the  utmost  that  can  be  adopted. 

Moreover,  the  amount  of  lowering  treatment  which  the  general  system  can  with 
impunity  bear,  is  not  the  only  measure  of  the  vigour  with  which  such  treatment 
ought  to  be  employed.  There  are  circumstances — especially  those  of  mechanical  and 
chemical  injury — -under  which  a  certain  quantity  of  inflammation  is  quite  inevitable ; 
and  where  to  treat  the  inflammation  without  remembering  the  magnitude  of  its  cause 
would  be  a  fatal  error  of  practice.  When,  for  instance,  with  a  given  smash  of  limb, 
we  determine  not  to  amputate,  but  to  rely  on  the  reparative  powers  of  the  patient, 
we  know  that  the  comminuted  bone,  the  torn  integuments,  the  pounded  muscle,  can 
only  recover  by  passing  though  a  series  of  changes  which  begin  with  acute  inflamma- 
tion ;  that  to  prevent  inflammation  (were  it  possible)  would  be  only  to  retard  repair  : 
and  that  our  sole  business  with  the  inflammation  is  to  moderate  whatever  excess  it 
may  have  beyond  that  which  we  recognise  as  directly  accounted  for  by  the  lesion. 
So  again,  when  we  operate  for  the  extraction  of  cataract,  we  do  not  expect  that  the 
cornea,  which  we  have  cut  in  half  its  circumference,  will  remain,  like  the  cornea  of  a 
dead  body,  without  signs  of  having  experienced  injury;  we  know  that  the  line  of 
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incision,  and  the  ministerial  blood-vessels  in  the  conjunctiva,  will  presently  get  an 
aspect  very  different  from  that  of  health  ;  but  if,  with  bleeding  and  antimony,  we 
could  cause  these  phenomena  not  to  develope  themselves,  we .  should  but  hinder  the 
process  of  healing  which  they  essentially  indicate.  And  it  deserves  very  particular 
notice,  that  where,  in  consequence  of  injury,  the  inflammatory  phenomena  tend  to 
more  than  ordinary  local  diffusion,  or  involve  more  than  ordinary  destruction  of 
tissue,  this  excess  of  local  irritability  is  not  amenable  to  treatment  of  a  generally 
depressing  kind. 

Further,  it  is  important  to  recognise  that  inflammation,  even  of  considerable 
activity,  may  co-exist  with  states  of  weakness  and  exhaustion  which  require  to  be 
treated  on  a  system  the  very  reverse  of  depressive.  Often  (as  has  been  explained  in 
discussing  the  causes  of  inflammation)  defective  nourishment  of  the  body  reduces 
various  textures  to  a  state  in  which,  with  little  or  no  discoverable  exterior  cause, 
they  begin  to  inflame,  and  continue  ulcerating,  sloughing,  or  suppurating,  till  generous 
diet  restores  the  proper  richness  of  the  blood.  Practice  among  the  poorer  classes  of 
society  is  constantly  showing  us  inflammations  of  this  kind,  veiled  under  a  great 
variety  of  names,  but  as  essentially  starvation-phenomena  as  were  those  memorable 
ulcers  of  the  cornea  which  Magendie  produced  in  dogs  by  depriving  them  of  nitro- 
genous diet.  And  although  residence  in  the  foul  atmosphere  of  overcrowded  and 
ill-cleansed  tenements,  irritation  from  bodily  dirt  and  vermin,  and  exposure  to  cold, 
to  violence,  or  to  infection,  are  influences  which,  in  the  cases  referred  to,  may 
primarily  or  secondarily  modify  the  starvation-phenomena,  and  render  necessary 
some  adjuvant  measures  of  treatment,  an  indispensable  condition  of  recovery  is  that 
food  be  liberally  supplied.  Also  during  the  repair  of  severe  wounds,  accidental  or 
surgical,  it  often  happens  (even  with  persons  of  apparent  health,  though  commonly 
where  there  is  marked  feebleness  of  pulse)  that  first  a  stand-still  of  the  reparative 
process,  and  then  some  re-ulceration  of  the  granulated  part,  give  evidence  of  a 
relatively  insufficient  diet;  and  that,  in  order  to  prevent  the  wound  from  converting 
itself  into  an  irritable  soi'e,  we  must  give  more  food,  or  perhaps  especially  more  wine, 
or  beer,  or  brandy,  to  our  patient.  And  it  is  not  only  in  obvious  dependence  on 
defective  diet,  or  during  the  repair  of  exhaustive  injuries,  that  we  find  this  kind  of 
necessity  arising.  For  inflammation  also  associates  itself  (particularly  in  the  form  of 
irritable  ulcer,  and  of  sub-acute  mucous  catarrh)  with  states  of  depression  which 
especially  belong  to  urban  life,  with  its  impure  atmosphere,  with  its  over-work  and 
anxiety,  with  its  absence  of  beautiful  objects,  with  its  dulness  of  physical  being.  As 
regards  the  textural  conditions  which  under  these  circumstances  develope  or  maintain 
inflammation,  nothing  definite  is  known;  but  it  may  well  be,  that  they  are  in  close 
affinity  to  those  of  defective  nutrition ;  and  practically  we  see  that  the  inflammation 
yields  to  tonic  and  stimulant  treatment.  Quinine  is  here  often  of  very  marked 
advantage. 

It  has  already  been  said  that  the  inflammations  which  are  symptomatic  of  morbid 
poisons  scarcely  ever  require  more  than  the  most  moderate  antiphlogistic  treatment. 
Often  they  do  not  require  more  than  the  gentlest  local  treatment  of  this  description ; 
and  in  a  large  proportion  of  instances  they  require  (or,  more  correctly  speaking,  the 
general  state  of  the  patient  requires)  that  stimulants  should  be  more  or  less  liberally 
given.  Not  to  dwell  on  such  inflammations  as  he  outside  the  limit  of  surgical 
practice — such  inflammations  as  those  which  occur  in  scarlatina,  in  typhoid  fever, 
and  in  typhus — we  may  here  more  properly  refer  to  the  facts  of  erysipelas  ;  in  which 
disease  it  scarcely  ever  happens  but  that  from  an  early  period  we  are  aware  of  im- 
perfect vigour,  often  of  considerable  debility,  sometimes  of  alarming  exhaustion,  in 
our  patient  ;  whose  stomach,  moreover,  is  commonly  intolerant  of  solid  food,  and 
whose  chance  of  living  through  the  inevitable  duration  of  his  fever  is  then  altogether- 
dependent  on  the  use  of  alcoholic  stimulants.  The  very  dangerous  infection  which 
is  produced  by  inoculation  with  some  cadaveric  matters  (apparently  with  certain 
inflammatory  products  at  early  periods  after  death)  has  close  affinity  to  erysipelas ; 
and  a  careful  perusal  of  the  published  fatal  cases  of  this  disease  leads  the  reader  to 
suspect  that  an  injudicious  employment  of  depressing  treatment  must  often  greatly 
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have  conduced  to  render  recovery  impossible.1  The  sub  acute  inflammations  which 
arise  from  constitutional  syphilis  (especially  those  which  involve  ulceration)  invariably 
become  worse  under  lowering  ti'eatment ;  and  where  mercurial  courses  are  employed 
in  dealing  with  these  inflammations,  it  becomes  of  paramount  importance  that  the 
patient  should  have  a  generous  diet,  and  sometimes  that  he  should  further  be  pro- 
tected by  the  concurrent  use  of  quinine  or  of  iron. 

Between  cases  which  urgently  require  lowering  treatment,  and  cases  which 
urgently  require  tonic  and  stimulant  treatment,  there  are  of  course  innumerable 
gradations.  And  the  student  must  not  suppose  that  the  one  line  of  treatment  is  the 
necessary  alternative  to  the  other.  We  may  not  bleed  or  antimonialise  our  patient, 
and  yet  not  give  him  brandy  or  quinine.  In  an  immense  majority  of  cases  neither 
course  is  necessary;  the  inflammation  not  justifying  the  first,  nor  concurrent  debility 
the  second  ;  so  that  as  regards  these  alternatives,  nature  may  be  left  to  her  own 
unassisted  working.  For  here,  as  everywhere  else,  over-doctoring  is  an  evil.  Strong 
measures  are  not  for  trifling  purposes  ;  nor  ought  treatment  at  all  to  be  used,  except 
where  treatment  is  necessary.  In  medicine,  as  in  ordinary  life,  it  is  the  great  test 
of  common  sense  that  a  man  seeks,  and  it  is  the  great  reward  of  observant  experience 
that  he  learns  to  make  his  means  proportionate  to  his  ends.  The  overdoing  of  treat- 
ment, in  comparison  with  the  results  which  are  to  be  attained,  is  an  evil  especially 
to  be  guarded  against  by  those  who  begin  therapeutics  as  an  application  of  general 
principles,  and  it  is  therefore  here  particularly  adverted  to ;  and  moderation,  as  needs 
hardly  be  said,  is  all  the  more  necessary  in  cases  where  possibly  the  line  of  treatment 
may  be  wrongly  chosen. 

Most  of  all  before  proceeding  to  the  adoption  of  measures  which  depress  the 
general  health,  the  surgeon  should  have  a  very  definite  notion  of  the  object  which  he 
means  to  accomplish,  and  should  be  sure  that  this  object  (if  he  can  attain  it)  is  worth 
the  sacrifice.  Even  for  the  certainty  of  conquering  some  relatively  unimportant 
local  ailment,  he  would  not  hastily  resolve  to  submit  the  sufferer  to  months  of  painful 
or  enfeebling  treatment.  Still  less  will  he  be  disposed  to  try  such  an  experiment, 
even  with  his  patient's  sight  or  hearing  at  stake,  when  he  knows  (as,  in  respect  of 
chronic  inflammation  and  results  of  inflammation,  he  well  may  know)  that  almost 
inevitably  it  will  be  a  failure.  And  as  the  case  becomes  more  important  to  life, 
more  and  more  he  will  remember  that  lowering  treatment,  if  unnecessary,  is  danger- 
ous. For  every  inflammatory  fever,  in  proportion  to  its  intensity  and  duration,  is 
necessarily  followed  by  exhaustion ;  and  every  inflammation,  in  proportion  to  its 
magnitude,  depends  on  vital  power  for  convalescence;  and  he  who,  without  reference 
to  these  facts,  needlessly  depletes  and  lowers  his  patient  even  during  the  height  of 
inflammation,  much  more  he  who  does  so  during  secondary  conditions  of  the  disease, 
will  often  contribute  to  render  exhaustion  deadly,  or  textural  repair  impossible. 

Nor  is  it  only  depressive  treatment  which  may  be  overdone.  Indeed  of  late 
years  fashion  has  set  in  the  other  direction ;  and  perhaps  not  a  little  harm  has  come 
from  misapplied  alcoholisation  of  the  sick.  True,  that  the  cases  in  which  life  is 
saved  even  during  inflammation  by  the  judicious  use  of  alcoholic  stimulants  are 
infinitely  more  numerous  than  those  where  it  is  saved  by  bleeding  ;  and  that  the  use 
of  such  stimulants,  in  certain  cases  of  inflammation  with  debility,  is  among  the  most 
important  resources  of  medicine.  But  the  student  must  learn  not  to  abuse  this 
great  medicinal  agent ;  not  to  prescribe  it,  as  a  thing  of  routine,  in  all  cases  of  in- 
flammation bearing  a  certain  name ;  but  always  to  give  or  withhold,  and  (if  giving) 
always  to  proportion  it,  according  to  the  special  requirements  of  the  individual  case. 
For  there  may  be  death  in  the  practices  of  van  Dunk  as  well  as  under  the  prescrip- 
tions of  Sangrado.  And  medical  advice  will  be  but  a  sham  if  the  treatment  which 
it  directs  is  to  be  indiscriminate. 

John  Simon,  1870. 
T.  Holmes,  1882. 


1  See  the  late  Mr.  Travers's  Inquiry  concerning  Constitutional  Irritation. 
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PATHOLOGY  OF  INFLAMMATION. 

The  author  who  engages  to  give  information  to  others  on  any  subject  with  which 
he  is  supposed  to  be  conversant,  takes  upon  hi  mself  a  serious  responsibility.  His 
first  duty  is  to  place  his  readers  in  complete  possession  of  all  the  facts  relating  to  the 
subject  which  have  been  accepted  by  scientific  men  up  to  the  time  at  which  he 
writes,  including  in  his  statement  such  collateral  information  as  is  necessary  for 
correctly  judging  of  the  grounds  of  their  acceptance.  But,  in  addition  to  this  primary 
obligation,  the  reader  has  a  right  to  expect  that  he  will  not  be  presented  with  a  mere 
narrative  of  unconnected  observations  which  he  must  himself  arrange  and  apply  to 
the  solution  of  the  questions  at  issue,  but  that  the  work  of  comparison  and  analysis 
shall  lie  done  for  him,  and  those  conclusions  stated  in  clear  language  which  have  the 
best  claim  to  be  incorporated  in  the  ever- changing  body  of  scientific  doctrine. 

In  the  preparation  of  the  following  essay  on  the  process  of  inflammation,  I  have 
made  it  my  object  to  fulfil  both  these  obligations  without  going  beyond  them,  deem- 
ing that  by  doing  so  I  should  be  most  likely  to  make  my  performance  of  practical 
use.  I  have  striven,  above  all,  to  be  cautious  in  the  selection  and  statement  of 
facts,  remembering  how  often  misstatements,  which  find  their  way  into  the  writings 
of  those  who  assume  to  teach,  are  apt  to  retain  their  place  long  after  the  sources 
whence  they  were  derived  have  been  forgotten. 

In  my  treatment  of  certain  pails  of  the  subject,  particularly  those  which  relate 
to  the  jetiology  of  inflammation,  I  have  been  partly  guided  by  my  own  researches 
made  between  1870  and  1876.  As  regards  the  rest  I  have  endeavoured  to  verify 
most  of  the  observations  and  experiments  to  which  I  have  referred.  I  have  done  so, 
however,  not  so  much  in  the  hope  of  adding  to  them  or  correcting  them,  as  for  the 
purpose  of  making  myself  conversant  with  the  methods  and  results. 

It  is  proper  to  state  here  that  the  article  has  been  entirely  rewritten.  The 
reader  who  takes  the  trouble  to  compare  it  with  its  predecessor  will  find  that,  although 
the  doctrine  taught  as  to  the  origin  and  nature  of  inflammation  is  the  same,  the  whole 
of  the  experimental  basis  on  which  it  is  founded  is  new.  Since  1870,  every  result  of 
any  importance  relating  to  the  subject  has  been  submitted  to  experimental  criticism, 
bv  which  means  our  know  ledge  of  it  has  been  rendered  more  complete  and  precise. 

CLASSIFICATION  OF  INFLAMMATION. 

By  the  '  process  of  inflammation  '  I  understand  the  succession  of  changes  which 
occurs  in  a  living  tissue  when  it  is  injured,  provided  that  the  injury  is  not  of  such  a 
degree  as  at  once  to  destroy  its  structure  and  vitality.  Inflammations  may  be 
classified,  according  to  their  mode  of  origin,  into  primaiy  and  secondary.  The  first 
term  is  applicable  to  all  those  cases  in  which  the  local  process  is  the  direct  result  of 
the  operation  of  a  noxa  on  the  organ  or  tissue  in  which  the  inflammation  has  its  seat. 
The  second  includes  the  important  class  of  infective  or  secondary  inflammations, 
with  reference  to  which  our  knowledge  has  much  increased  dining  the  last  ten 
years.  An  infective  inflammation  may  be  defined  as  one  which  is  dependent  on  the 
introduction  from  a  part  previously  inflamed  of  an  infective  particle  or  particles 
into  the  circulating  blood  and  its  lodgment  in  the  capillary  blood-vessels  of  the 
part  secondarily  affected. 

In  my  former  article  I  limited  myself  to  the  consideration  of  the  process  of 
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inflammation  as  observed  in  those  purely  local  inflammations  which  arise  in  a  tissue 
in  consequence  of  the  direct  application  of  injurious  stimulation.  I  did  so  because 
the  '  material  for  the  satisfactory  discussion  '  of  '  secondary  indurations  and  suppura- 
tions '  was  wanting.  So  far  as  the  pathological  anatomy  of  infective  inflammation 
is  concerned  I  have  nothing  to  add  to  the  definition  given  ten  years  ago. 

'  It  is  the  anatomical  character  of  all  infective  inflammations  that  the  lesions  to 
which  they  give  rise  are  disseminated  rather  than  diffused.  Particles  of  matter,  of 
the  nature  of  which  we  can  assert  nothing,  excepting  that  they  are  of  extreme 
minuteness,  are  conveyed  from  a  primarily  inflamed  part  to  other  parts  previously 
healthy,  and  become  foci  of  infective  induration  or  suppuration  (miliary  tubercles, 
pyemic  abscesses),  each  of  which  is  the  product — if  one  may  be  allowed  the  expres- 
sion— of  a  single  seed.' 

The  only  correction  required  was  made  in  1872,  when  I  was  able,  on  the  ground 
of  the  results  of  my  own  investigations  and  of  those  of  Dr.  Klein,  to  assert  that 
the  particles  of  matter  which  are  the  agents  or  carriers  of  infection  are  in  all 
probability  organisms. 

The  present  article  will  be  divided  into  two  parts.  In  the  first  inflammation  will 
be  considered  as  a  process,  or  succession  of  processes,  taking  its  start  from  an 
injury.  In  the  second,  the  peculiarities  of  those  inflammations  which  originate 
by  infection  will  be  discussed,  in  so  far  as  is  necessary  for  the  elucidation  of  the  nature 
of  their  cause. 


PART  I. 

THE  PROCESS  OF  INFLAMMATION. 
§  1.  Definition. 

The  process  of  inflammation  was  defined  in  1871,  in  words  which  have  been  already 
quoted,  as  '  the  succession  of  changes  which  occurs  in  a  living  tissue  when  it  is 
injured,  provided  that  the  injury  is  not  of  such  a  degree  as  at  once  to  destroy  its 
structure  and  vitality.'  This  definition  of  inflammation,  based  as  it  is  on  its 
genesis,  does  not  require  any  modification  or  amendment.  It  claims  acceptance  on 
the  ground  that  it  is  consistent  with  and  includes  the  much  older  definition  which 
regards  it  as  the  aggregate  of  the  so-called  cardinal  symptoms — pain,  redness,  heat, 
swelling — and  has  no  claim  excepting  this.  Whatever  explanation  we  accept  as  to 
the  mode  of  association  of  these  four  constituents  of  inflammation  to  each  other,  we 
are  bound  by  tradition  (which,  in  respect  of  the  use  of  words,  is  the  only  authority) 
to  regard  them  as  the  characteristics  of  the  thing,  of  which  the  word  '  inflammation '  is 
the  vame.  The  setiological  definition  has  the  advantage  over  the  semeiological,  first 
that  it  is  much  shorter,  and  secondly  that  it  springs  out  of  a  more  complete  and 
comprehensive  conception  of  the  thing  itself — a  conception  which  relates,  not  only 
to  what  it  is  at  any  given  moment,  but  to  the  way  in  which  it  has  originated,  its 
development  up  to  the  present  moment,  and  its  future  progress.  The  consideration 
that  inflammation  is  a  process,  not  a  state,  affords  suflicient  reason  for  basing  the 
conception  of  it  which  we  present  to  the  student,  on  what  we  know  of  its  mode  of 
origin.  Nor  can  any  disadvantage  arise  from  it  provided  that  we  do  not  allow  our- 
selves to  forget  that  inflammation  means  exactly  the  same  as  it  meant  when  the 
rubor,  dolor,  color,  and  tumor  of  Celsus  were  first  enunciated  as  its  characteristic 
signs. 
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§  2.  Physiological  Effects  of  Injury  as  observed  in  Experiments  on 

Animals. 

1.  The  mesentery  of  the  frog. — The  experiment  by  which  Cohnheini  first  demon- 
strated the  escape  of  the  blood  leucocytes  in  the  early  stage  of  inflammation  is  as 
follows.1  A  frog,  which  has  been  paralysed  by  injecting  under  the  skin  about  tt„Vo 
grain  of  curare  an  hour  before,  is  placed  with  its  ventral  surface  upwards  on  a  plate 
of  glass  of  convenient  size  for  the  purpose.  A  vertical  incision  is  then  made  in  the 
abdominal  wall  about  half  an  inch  in  length,  extending  from  the  lower  edge  of  the 
liver  downwards.  As  much  of  the  small  intestine  is  then  drawn  gently  out  of  the 
visceral  cavity  as  is  necessary  in  order  that  the  mesentery  may  be  evenly  spread  on  a 
disk  of  glass  which  is  fixed  in  a  convenient  position  for  the  purpose.  If  the  opera- 
tion is  performed  with  care  and  skill,  it  may  be  effected  without  bleeding  and  with- 
out in  the  slightest  degree  deranging  the  circulation. 

In  order  to  obtain  a  general  view,  it  is  best  to  commence  the  examination  with  a 
low  power.  It  is  then  seen  that  the  arteries  are  smaller  than  the  veins,  the  latter 
exceeding  the  former  in  diameter  by  about  a  sixth,  that  the  arterial  stream  is  quicker 
than  the  venous,  that  it  is  accelerated  appreciably  at  each  beat  of  the  heart,  and  that 
in  every  artery  a  space  can  be  distinguished  within  the  outline  of  the  vessel,  which 
is  entirely  free  from  corpuscles.  The  arterial  stream  is  so  quick  that  the  forms  of 
the  corpuscles  cannot  be  discerned;  but  in  the  veins  both  coloured  corpuscles  and 
leucocytes  can  be  distinguished,  and  from  the  first  it  is  noticeable  that  while  the 
former  are  rapidly  carried  along  in  the  axial  current,  the  latter  show  a  tendency  to 
roll  more  slowly  at  its  border,  like  round  pebbles  in  a  shallow  but  rapid  stream.  So 
far  all  is  normal,  and  may  remain  so  for  many  hours ;  but  in  most  cases  changes 
occur  in  consequence  of  the  exposure  of  the  peritonaeum,  which  are  the  beginning  of 
inflammation.  These  consist  in  a  marked  and  almost  sudden  diminution  of  the  rate 
of  the  current  in  the  vein,  in  which  that  in  the  capillaries  necessarily  participates  ; 
simultaneously  with  which  retardation,  the  leucocytes,  instead  of  loitering  here 
and  there  at  the  edge  of  the  axial  current,  begin  to  crowd  in  numbers  against 
the  vascular  wall,  as  was  long  ago  described  by  Dr.  Williams.2  In  this  way  the 
vein  becomes  lined  with  a  continuous  pavement  of  these  bodies,  which  remain  almost 
motionless,  notwithstanding  that  the  axial  current  sweeps  by  them  as  continuously 
as  before,  though  with  abated  velocity. 

2.  The  tongue,  of  the  frog  or  toad. — In  a  frog  similarly  prepared  and  resting  on 
its  ventral  surface,  the  bifurcated  tongue  is  gently  drawn  out  and  extended  by  two 
ligatures  attached  to  its  tips,  with  the  papillated  surface  looking  upwards,  the 
greatest  care  being  taken  to  avoid  stretching  or  twisting.3  A  snip  of  mucous  mem- 
brane is  then  removed  with  the  aid  of  fine  curved  scissors  from  the  middle  of  the 
papillated  surface,  so  as  to  open  a  window  through  which  the  blood-vessels  (arteries, 
veins,  and  capillaries)  on  the  floor  of  the  lymph  sac  can  be  observed.  If  this  is  suc- 
cessfully done  there  is  no  bleeding. 

(«)  The  initial  condition  of  the  circulation  is  the  same  as  in  the  previous  experi- 
ment.4 The  first  change  which  is  observed  is  that  the  rate  of  flow  in  the  arteries  as 
well  as  in  the  other  vessels  is  so  much  retarded  that  in  the  capillaries,  and  particularly 
in  the  veins,  the  individual  corpuscles  can  be  easily  distinguished.  At  the  same 
time  the  capillaries  appear  fuller  of  blood,  which  finds  its  way  by  channels  that 
were  before  unoccupied.  At  first  each  vessel  exhibits,  as  already  described,  an 
axial  current  of  coloured  corpuscles  with  leucocytes  here  and  there  at  its  edges  j  but 

'  In  making  this  experiment  a  frog  of  which  the  brain  bias  been  removed  the  day  before 
must  be  used,  and  r,,,',-  grain  of  curare  must  be  injected  under  the  skin  an  hour  before  making 
the  observation.    For  details  as  to  the  method,  see  Schafer's  Practical  Histology,  p.  137. 

2  Gulstonian  Lectures,  1841. 

■  For  the  best  methods  see  Dowdeswell  'On  the  Behaviour  of  the  Fixed  Elements  of  the 
Tongue  in  Inflammation.' — Proceedings  of  the  Royal  Society,  No.  175,  1870,  and  University 
College  Collected  Papers,  No.  II. 

*  In  the  description  of  what  is  observed  \  shall  follow  and  quote  largely  from  Cohnheim,' 
Vorlesungen  uber  allgemeine.  Pathologic,  Berlin.  1877,  p.  !)<>. 
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soon  the  i  originally  clear  border  of  plasma  becomes  filled  with  innumerable  colour- 
less corpuscles.'  The  slower  the  current  the  more  these  corpuscles  show  a  tendency 
to  loiter  along  the  vessel  wall — now  sticking  for  a  moment,  then  again  advancing. 
All  this  time  not  a  single  coloured  corpuscle  leaves  the  axial  current. 

Tins  description  applies  exclusively  to  the  veins,  on  which  the  attention  must  be 
fixed  in  order  to  observe  what  follows.  What  is  first  seen  is  that  1  the  external  con- 
tour of  a  vein  begins  to  project  outwards,  and  that  the  projection  increases  and  becomes 
thicker.  In  thi->  way  the  prominence  is  converted  into  a  roundish  button  which  grows 
in  length  and  breadth,  and  throws  out  new  pointed  processes,  and  then  separates  itself 
from  the  vascular  wall,  with  which  it  remains  connected  by  a  long  stalk.  Finally 
this  gives  way,  and  you  have  before  you  a  colourless,  pale,  contractile  corpuscle 
with  one  Ions  and  several  short  processes,  and  with  one  or  several  nuclei/  In  the 
meantime  'the  same  thing  is  taking  place  in  many  other  veins  and  capillaries.' 
'  A  number  of  white  blood-cells  have  found  their  way  to  the  outside  of  the  vesseLs. 
These  are  followed  by  others,  and  they  in  their  turn  by  others,  their  place  being  at 
once  filled  up  in  the  marginal  zone  inside  the  vascular  wall  by  new-comers.' 1  The 
final  result  is  that,  after  a  variable  number  of  hours,  every  vein  seems  to  be  sur- 
rounded by  several  rows  of  leucocytes  closely  packed  together,  the  state  of  things 
inside  the  vessel  remaining  the  same.  From  beginning  to  end  arteries  take  no  part 
in  the  process,  but  coloured,  and  in  smaller  proportion,  colourless  corpuscles  continue 
to  escape  from  the  capillaries. 

(6)  For  the  purpose  of  obtaining  a  more  general  view  of  the  process  without  refer- 
ence to  the  finer  details  which  have  been  just  described,  the  smooth,  non-papillated 
surface  of  the  tongue,  which  in  the  extended  organ  looks  downwards  (so  that  for  its 
observation  the  frog  must  rest  on  its  dorsal  surface),  is  even  preferable  to  the  other. 
Nothing  can  be  more  instructive  than  to  observe  the  effect  of  a  very  limited  injury 
of  this  surface  produced  by  the  application  of  nitrate  of  silver.  If  a  frog's  tongue  is 
examined  in  which  a  small  eschar  has  been  produced  the  day  before  in  the  middle 
of  the  smooth  surface,  it  is  seen  that  the  eschar  Ls  surrounded  by  a  broad  zone  of 
swelling,  in  which  several  concentric  zones  may  be  distinguished  by  the  characteristics 
which  they  exhibit.  At  the  border  of  the  swollen  part  the  circulation  is  going  on 
normally.  Within  it  the  progressive  motion  of  the  blood  is  slower,  and  the  vessels 
are  dilated.  Further  from  the  edge  they  are  not  only  widened,  but  the  veins  are 
beset  with  numerous  colourless  corpuscles,  and  the  capillaries  with  both  coloured  and 
colourless.  Within  this  again,  in  the  zone  which  immediately  surrounds  the  part  on 
which  the  caustic  has  acted  directly  so  far  as  to  kill  the  tissue,  is  a  zone  in  which  the 
circulation  is  all  but  completely  arrested,  the  capillaries  being  choked  with  coloured 
corpuscles  which  also  exist  in  crowds  in  the  tissue  outside  cf  them. 

(c)  A  third  experiment  in  which  the  tongue  of  the  frog  is  used,  is  one  which 
must  also  be  regarded  as  fundamental.  Observations  made  in  the  course  of  Cohn- 
heim's  well-known  researches  on  embolism,  suggested  to  him  a  mode  of  altering  the 
condition  of  the  blood-vessels  of  the  whole  organ  which  appeared  to  him  more  direct 
and  more  manageable  than  anv  other.  The  method  consists  simplv  in  cutting  off  the 
communication  with  the  heart.  In  the  tongue  of  the  frog  this  experiment  is  ren- 
dered easy  by  the  anatomical  relations  of  the  arteries,  which  are  so  placed  that  they 
can  be  very  readily  reached.  The  effect  varies  according  to  the  time  that  the  state  of 
anagmia  lasts.  If  the  circulation,  after  having  been  cut  off  for  twenty-four  hours,  is 
restored,  all  that  is  observed  is  that  the  arteries  are  dilated  and  the  organ  congested. 
•Soon  the  vessels  contract,  and  all  returns  to  its  previous  condition.  But  if  the  arrest 
has  lasted  twice  as  long,  the  vascular  effect,  instead  of  subsiding,  goes  on  increasing. 
At  the  same  time  the  whole  organ  becomes  red  and  tumid  from  the  distension  of  its 
lymph  sacs  with  corpuscular  liquid. 

(d)  If  a  tongue  in  this  condition  is  compared  with  another  in  which  a  mild 
irritant  has  been  applied  over  the  whole  smooth  surface,  so  as  to  produce  a  general 
inflammation,  it  is  seen  that  the  effects  of  the  two  are  ^distinguishable  from  each 
other. 


1  L-*.  tit.  p.  108. 
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3.  The  mesentery  in  mammalia. — In  1870  I  attempted,1  in  co-operation  with 
Professor  Strieker,  to  devise  a  plan  for  the  microscopical  study  of  the  process  of  in- 
flammation in  the  omentum  of  the  guinea-pig.  We  succeeded  in  satisfying  ourselves 
and  demonstrating  to  others  that  the  phenomena  are  essentially  the  same  as  in 
amphibia,  but  were  prevented  from  applying  it  to  further  investigations  by  our  in- 
ability to  overcome  certain  technical  difficulties.  Professor  Thoma,  of  Heidelberg, 
has  developed  and  improved  our  method,  of  which  the  essential  feature  was  the 
employment  of  a  bath  containing  normal  (0-75  per  cent.)  salt  solution,  of  such  form 
and  structure  that  the  omentum  could,  when  placed  in  it,  be  observed  under  the 
microscope  at  the  temperature  of  the  body.  For  a  description  of  the  contrivance 
by  which  Dr.  Thoma  has  achieved  complete  success,  I  must  refer  the  reader  to  his 
paper,  and  confine  myself  to  a  statement  of  the  results  of  his  researches.2  His 
observations  were  made  both  on  dogs  and  on  rabbits.  In  all  cases  great  care  must 
be  taken  that  the  temperature  both  of  the  body  and  of  the  observed  part  shall  be 
normal.  The  immediate  effects  of  the  necessary  manipulation  and  of  the  irrigating 
fluid  on  the  tissue  is  to  produce  acceleration  of  the  circulation.  Both  in  the  arteries 
and  veins  the  axial  stream  is  well  defined  and  presents  the  appearance  of  a  longi- 
tudinally-streaked filament,  separated  from  the  wall  of  the  vessel  by  a  relatively  wide, 
clear  space.  Even  in  the  capillaries  the  coloured  thread  which  indicates  the  course 
of  the  blood-corpuscles  does  not  seem  to  touch  the  internal  surface  of  the  tube  along 
which  they  rush.  After  a  time,  which  in  a  dog  is  less  than  half  an  hour,  the  pace 
slackens.  As  soon  as  this  happens,  the  colourless  corpuscles  fall  out  of  the  axial 
stream  in  the  veins,  and,  as  the  rate  of  progressive  movement  diminishes,  betake 
themselves  towards  the  internal  surface  of  the  vascular  wall.  No  sooner  have  they 
done  so  than  they  at  once  begin  to  escape  in  great  numbers.  As  regards  these 
changes,  there  is  no  difference  that  can  be  noted  between  what  happens  in  the  dog  or 
rabbit  and  in  the  corresponding  process  in  the  frog.  In  both,  the  clinging  of  the 
leucocytes  to  the  vascular  wall  and  their  emigration  are  observed  in  the  veins  ex- 
clusively, and  in  both  it  occurs  consequently  on  diminution  of  the  velocity  of  the 
blood-stream. 

In  addition  to  the  opportunity  which  the  study  of  inflammation  in  a  transparent 
membrane  like  the  omentum  or  mesentery  of  the  rabbit  affords  for  observing  with 
precision  what  happens  to  the  blood-vessels,  and  particularly  the  emigration  of 
leucocytes,  it  has  special  advantages  as  regards  the  exudation  of  coagulable  liquid 
which  accompanies  it.  For  this  purpose  it  is,  however,  necessary  to  adopt  a  some- 
what different  arrangement.  So  long  as  the  membrane  is  irrigated,  the  exuded  pro- 
ducts, whether  corpuscular  or  other,  which  in  this  -case  escape  first  from  the  vessel 
and  secondly  from  the  serous  surface,  are  speedily  washed  away — a  circumstance 
which  is  of  course  favourable  to  the  observation  of  the  vascular  changes.  For  the 
purpose  of  collecting  the  exudation,  Dr.  Thoma  places  on  the  membrane  a  wide  ring 
of  glass  closed  above  by  a  plate  of  thin  glass  cemented  to  its  upper  border.  Inside 
this  ling  the  exuded  liquid  collects  and  soon  becomes  gelatinous.  The  soft  clot,  when 
examined  under  the  microscope,  exhibits  innumerable  leucocytes  held  together  by 
fine  filaments,  but  it  is  quite  free  from  coloured  corpuscles. 

In  the  mammal,  as  in  the  frog,  inflammation  is  accompanied  by  extravasation  of 
coloured  blood-disks,  and  ultimately  results  in  stasis.  Extravasation  is  not,  however, 
observed  so  early  in  the  process  as  in  the  amphibian,  and  occurs  mucli  more  sparsely, 
so  that  the  inflamed  surface  becomes  merely  dotted  with  minute  haemorrhages,  each 
of  which,  when  examined  under  the  microscope,  is  seen  to  be  due  to  the  escape  from 
the  capillary  of  a  dozen  or  so  of  corpuscles.  The  occurrence  of  this,  as  it  were, 
accidental  extravasation  of  blood  from  a  capillary  does  not  materially  interfere  with 
its  function.    It  is  apparently  just  as  capable  of  conveying  blood  after  as  before. 

4.  The  ear  of  the  rabbit. — The  ear  of  the  rabbit,  although  of  course  unsuited 
for  microscopical  study,  affords  most  valuable  information  as  to  those  characters  of 

1  Handbook  for  the  Physiological  Laboratory,  p.  271. 

'-  Thoma.  '  Ueber  entziindliche  Storungen  dea  Oapillarkreislaufes  bei  Warmbliitern.' 
Vwchow's  ArchiVf  vol.  lxxiv.,  1878. 
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the  inflammatory  process  which  are  visible  to  the  unassisted  eye.  The  experimental 
results  obtained  by  subjecting  it  to  various  modes  of  injury  as  described  in  the 
following  paragraphs  headed  (a),  (b),  and  (c),  are  of  special  value,  because  they  serve  to 
connect  the  microscopical  phenomena  already  described  with  those  which  present 
themselves  in  clinical  experience. 

(a)  The  determination  of  blood  (inflammatory  blush  of  Hunter,  Blutwallung  of 
Virchow),  the  microscopical  characters  of  which  we  have  learnt  in  the  initial  acceler- 
ation of  the  blood-stream  of  the  mesentery  of  the  dog  or  rabbit  when  these  mem- 
branes are  exposed  to  the  action  of  075  per  cent,  salt  solution,  and  which  in  that 
instance  is  a  mere  forerunner  of  more  important  changes,  can  be  studied  in  the 
rabbit's  ear  by  merely  immersing  it  in  water  at  a  temperature  of  from  45°  to  48°  C. 
The  immediate  result  of  this  proceeding  is  that  the  ear  becomes  intensely  congested. 
Whatever  be  the  physiological  explanation  of  this  effect,  it  is  certain  that  its  im- 
mediate cause  is  vascular  and  particularly  arterial  dilatation ;  for  in  the  rabbit's  ear 
the  larger  arteries  can  be  easily  observed  and  their  changes  of  width  correctly  judged 
of.  The  experiment  becomes  still  more  striking  and  convincing  when  the  vessels  of 
the  ear  are  emptied  of  blood  by  the  application  of  a  suitable  bandage  before  immer- 
sion. The  immersion  of  the  bloodless  ear  in  water  of  which  the  temperature 
scarcely  exceeds  that  of  fever  (42°  to  44°  C.)  is  sufficient  to  produce,  on  removal  of 
the  bandage,  an  intense  but  transitory  hypersemia. 

(b)  With  this  experiment  may  be  contrasted  that  in  which  the  mode  of  injury 
consists  in  the  application  of  olive  oil  containing  two  per  cent,  of  croton.  Here, 
determination  of  blood  is  conspicuously  absent.  It  is  not  until  more  than  an  hour 
after  the  application  that  any  change  whatever  takes  place  in  the  ear  which  has 
been  so  treated.  What  then  happens  is,  that  the  vessels  begin  to  enlarge  and 
apparently  increase  in  numbers,  but  soon  lose  their  distinctness  in  the  general 
redness  of  the  whole  surface.  An  inflammation  has  begun  that  in  a  few  hours 
exhibits  the  three  objective  characteristics  of  inflammation.  The  whole  ear  is  much 
swollen,  hot  and  red.  At  first  the  redness  is  uniform,  but  eventually  it  is  diversified 
by  spots  of  a  deeper  hue,  due  to  minute  capillary  haemorrhages.  If  the  animal  is 
now  killed  and  his  ear  subjected  to  microscopical  examination,  it  is  found  that  the 
connective  tissue  is  everywhere,  especially  at  the  base  of  the  organ,  infiltrated  with 
exudation  liquid  and  charged  with  leucocytes;  and,  in  particular,  that  the  blood- 
vessels are  surrounded  by  them.  According  to  the  stage  at  which  the  process  has 
been  arrested  there  is  found  a  greater  or  less  amount  of  capillary  haemorrhage. 

(c)  A  still  more  important  experiment  is  that  in  which  inflammation  is  produced 
not  by  applying  an  irritant  to  the  sulfa  ce,  but,  as  in  the  proceeding  last  narrated, 
by  acting  directly  on  the  vessels  so  as  to  deprive  them  of  blood.  A  temporary  blood- 
lessness  of  the  ear  can  be  easily  brought  about  in  the  way  indicated  in  the  preceding 
section,  viz.  by  applying  a  broad  ligature  to  the  organ  at  its  root.  If  in  this  way 
the  circulation  is  cut  off  for  twenty-four  hours  and  then  restored,  its  arteries  speedily 
dilate,  and  it  is  soon  seen  that  its  condition  resembles  that  already  described  in  the 
ear  which  had  been  treated  with  crotonised  oil.  In  other  words,  as  typical  and 
intense  an  inflammation  can  be  produced  in  an  organ  by  simply  depriving  its  blood- 
vessels and  tissues  of  blood  as  by  subjecting  them  to  the  direct  action  of  an  irritant. 
It  would,  indeed,  be  more  correct  to  say  that  vessels  of  which  the  vital  endowments 
have  been  impaired  or  spoilt  by  the  arrest  of  nutrition,  though  still  perfectly  capable 
of  performing  their  mechanical  functions  as  conduits,  are  already  in  a  state  of  in- 
flammation ;  all  that  is  required  for  the  display  of  its  phenomena  being  that  blood 
should  be  sent  along  them. 

(d)  If,  in  the  experiment  related  in  (a)  the  temperature  of  the  water  is  five 
degrees  higher,  the  result  is  entirely  different.  The  primary  affluxus  sanguinis, 
instead  of  subsiding,  passes  into  a  lasting  condition  of  hypersemia.  Soon  the  organ 
begins  to  swell  and  is  now  in  a  state  of  inflammation  which  cannot  be  distinguished 
from  that  described  in  (b)  and  (c).  The  injurious  action  to  which  the  inflammation 
is  due  is  nearly  as  simple  as  in  (c).  Similar  results  may  be  produced  by  immersion 
for  a  few  minutes  in  a  freezing  mixture  at  —10°  or  —12°  C. 
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§  3.  Doctrine  of  Inflammation  as  founded  on  Experiments. 

In  the  preceding  pages  I  have  described  soiae  of  the  most  important  of  the 
experiments  on  which  the  knowledge  we  now  possess  of  the  nature  of  the  process  of 
inflammation,  and  of  its  relation  to  the  injurious  action  which  produces  it,  is  founded. 
For  all  of  these  methods  we  are  indebted  to  Cohnheim.  They  are  for  the  most  part 
so  simple  as  to  require  oidy  ordinary  dexterity  and  patience  for  their  performance, 
and  yield  unequivocal  results.  The  lessons  to  be  learnt  from  them  may  be  summed 
up  as  follows  : — 

1.  The  typical  examples  of  inflammation — such,  for  example,  as  those  which  are 
produced  in  the  rabbit's  ear  by  application  of  crotonised  oil,  by  immersion  in  water  at 
50°  C,  or  by  temporary  privation  of  blood — have  this  in  common,  that  in  all,  the  ful- 
ness of  blood  [rubor)  and  increased  temperature  (calor)  are  associated  with  the  third 
objective  sign,  swelling  (tumor),  and  that  this  swelling  consists  in  the  infiltration  of 
the  tissue  of  the  inflamed  part  with  liquid  and  corpuscles,  both  of  which  have  un- 
questionably escaped  from  the  blood-vessels. 

2.  There  can  be  no  doubt  that  the  process  by  which  the  rabbit's  ear  is  infiltrated 
with  corpuscular  liquid  observed  in  4  (b),  (c),  (d)  (page  71)  is  identical  in  nature  with 
that  by  which  coagulable  material,  also  containing  corpuscles,  is  exuded  on  the  surface 
of  the  mesentery  in  3  (page  70),  and  consequently  that  the  hypersemia  in  the  two  cases 
is  of  the  same  nature  ;  and  further  that  the  vascular  conditions  which  are  associated 
with  the  escajie  of  leucocytes  in  numbers  from  the  veins  are  precisely  the  same  in  the 
rabbit,  4  (page  71),  and  in  the  frog,  2  (a)  and  (b)  (page  68). 

3.  The  six  cases  afford  examples  of  inflammations  affecting  skin,  cellular  tissue, 
mucous  membrane  and  serous  membrane,  in  amphibia  and  in  mammalia.  In  three 
of  them  it  is  matter  of  direct  observation  that  the  corpuscles  with  which  the  swollen 
tissue  is  encumbered  in  such  countless  numbers  have  come  out  of  the  veins.  In  the 
other  three,  their  emigration  is  quite  as  certain  as  if  it  were  matter  of  direct  observa- 
tion ;  for  the  tissues  which  are  the  seat  of  infiltration  show  no  trace  of  new  formation 
of  any  kind,  and  the  time  occupied  in  the  process  is  far  too  short  for  any  such  new 
formation  to  have  been  accomplished  in  it. 

4.  The  escape  of  leucocytes  from  the  veins  is  preceded  by  their  leaving  the  axial 
current  and  betaking  themselves  to  the  wall  of  the  vessel.  In  all  cases  the  state  of 
the  circulation  which  is  associated  with  the  manifestation  of  this  tendency,  is  that  of 
retardation  of  the  blood-stream.  In  the  tongue  and  mesentery  of  the  frog  the  retard- 
ation is  accompanied  by  dilatation  of  the  veins,  but,  according  to  Thoma,  this  is  much 
less  appreciable  in  the  mesentery  of  the  dog  or  rabbit.  That  the  retardation  is  really 
the  necessary  antecedent  (or  proximate  cause)  of  the  separation  of  the  leucocytes 
from  the  axial  current,  we  have  evidence  in  the  following  observation.  In  the 
mesentery  of  a  dog  which  has  been  watched  until  the  primary  acceleration  has 
been  succeeded  by  slowing,  and  its  invariable  accompaniment  loitering  of  the  leu- 
cocytes in  the  parietal  plasma-zone,  the  previous  state  of  things  may  be  at  once  re- 
stored by  quickening  the  circulation.  The  best  way  of  doing  this  is  to  substitute  for 
the  normal,  that  is  0'75  solution  of  chloride  of  sodium,  a  solution  containing  1*5  per 
cent.  The  irrigation  of  the  tissue  with  this  stronger  solution  is  responded  to  by 
an  immediate  acceleration  ;  the  loiterers  along  the  wall  of  the  vein  are  at  once  swept 
into  the  now  narrow  axial  current.  An  equally  instructive  observation  may  bo 
made  on  the  mesentery  of  the  frog.  As  has  already  been  shown,  there  is  no  separa- 
tion of  the  leucocytes  in  the  arteries.  But  if  the  circulation  is  artificially  slowed,  as 
e.;/.  by  compressing  the  arteries,  it  is  seen  that  the  leucocytes  lag  out  of  the  arterial 
mid-stream  just  as  they  ordinarily  do  in  the  veins. 

5.  It  has  already  been  stated  that  the  leucocytes  not  merely  seek  the  vascular 
wall,  but  exhibit  a  tendency  to  stick  to  it.  This  is  best  seen  in  the  mesentery,  and 
appears  (from  Dr.  Thoma's  observations)  to  be  as  well  marked  in  the  mammal  as  in 
the  frog.  What  is  observed  in  the  latter  is  that  when  emigration  is  beginning,  the 
loitering  corpuscles  do  not  roll  along  like  pebbles  in  a  stream,  but  drag  along,  now 
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adhering  to  the  vascular  wall,  now  detaching  themselves  and  going  a  little  further, 
now  adhering  again,  and  so  on.  In  so  acting  they  are  constantly  changing  their 
shape,  the  tendency  being  to  lengthen  in  the  direction  of  the  current.  Dr.  Thoma 
has  made  the  very  interesting  observation  that  when,  as  in  the  experiment  last 
referred  to,  the  mesentery  is  irrigated  with  1*5  per  cent,  solution  of  chloride  of  sodium 
the  corpuscles  thereby  (as  they  do  when  suspended  in  the  solution)  pass  into  a  state 
of  immobility  (cessation  of  amoeboid  motion),  and  that  in  this  condition,  although 
they  betake  themselves,  as  already  stated,  to  the  internal  surface  of  the  vascular  wall, 
they  show  no  tendency  to  adhere  to  it,  and  never  emigrate.  This  fact,  which  I  state 
exclusively  on  Dr.  Thoma's  authority,  affords  evidence,  not  that  the  leucocytes  make 
their  way  out  of  the  veins  by  virtue  of  their  amoeboid  motion,  but  that  that  '  liquid 
texture  '  of  their  protoplasm  which  is  essential  to  amoeboid  motion  is  also  essential  to 
emigration.  What  the  mechanism  of  emigration  is  I  am  as  little  able  to  explain 
now  as  I  was  in  1870. 

6.  The  condition  of  vascular  dilatation  which  results  from  injury,  whether  this 
is  due  as  in  2  (b)  (page  69)  to  the  action  of  an  irritant,  or  to  privation  of  blood,  or  to 
exposure  to  heat,  must  always  be  attended  by  diminished  lateral  pressure  in  the 
capillaries,  and  particularly  in  the  veins.  That  this  is  so,  is  evident  from  the  consider- 
ation, first,  that  there  is  no  mechanical  obstruction  to  the  flow  of  blood  from  the 
part,  and  secondly  that,  notwithstanding  this,  the  blood-stream  is  slow.  Why  the 
pressure  is  diminished  it  is  difficult  to  say.  The  simplest  way  of  accounting  for  it 
would  be  to  attribute  it  to  a  contraction  of  the  arterial  trunks,  but  this  cannot  be 
thought  of  in  face  of  the  easily  observed  fact  that  neither  in  the  ear  of  the  rabbit  nor 
in  the  tongue  of  the  frog  can  any  such  contraction  be  observed.  We  are  therefore 
compelled  to  suppose  that  velocity  is  lost  in  the  intermediary  circulation  itself ;  that 
is,  notwithstanding  that  the  smallest  arterioles  receive  their  full  supply  of  blood 
and  that  the  arterial  pressure  is  normal,  there  exists  in  them,  and  in  the  capillaries 
in  which  they  end,  a  source  of  resistance  which  retards  the  blood-stream,  and  dimin- 
ishes the  lateral  pressure  at  the  beginning  of  the  venous  system. 

It  is  perhaps  scarcely  necessary  to  add  that  the  retardation  of  the  blood-stream 
cannot  be  attributed  to  the  dilatation  of  the  vessels.  If  the  veins  and  capillaries 
only  were  enlarged,  the  arterioles  remaining  of  their  natural  size,  its  effect  would 
certainly  show  itself  in  retardation ;  but  inasmuch  as  the  veins  and  capillaries  are  no 
less  dilated  in  the  state  of  primary  determination  of  blood  with  accelerated  blood- 
stream, than  in  the  subsequent  inflammatory  hypersemia  with  slow  circulation,  it  is 
clear  that  the  calibre  of  the  vessels  can  have  little  or  no  influence  in  the  matter. 

The  proximate  cause  of  the  dilatation  must  of  course  be  a  change  in  the  condition 
(tonicity)  of  the  muscular  elements  of  the  vessels.  How  far  this  change  of  tonicity 
is  dependent  on  the  nervous  elements  which  are  present  in  the  blood-vessels,  we 
do  not  as  yet  know.  All  that  can  be  stated  with  certainty  is  that  it  is  not 
dependent  on  any  influence  conveyed  to  the  blood-vessels  from  the  cerebro-spinal 
centre ;  for  Cohnheim  has  shown  that  in  the  tongue  of  the  frog,  after  its  nerves  have 
been  severed,  the  process  of  inflammation  can  be  excited  by  any  of  the  methods  above 
described  (inflammations  which  have  their  seat  in  nerveless  organs,  exhibiting 
the  same  characters  as  in  normal  organs)  and  that  it  is  even  possible  to  inflame  a 
tongue  between  which  and  the  body  all  organic  continuation  has  been  destroyed,  pro- 
vided that  the  arteries  and  veins  are  entire.  He  has  made  similar  observations  in 
the  ear  of  the  rabbit  after  division  of  the  cervical  sympathetic,  or  extirpation  of  the 
superior  ganglion  on  one  side ;  and  he  refers,  in  further  evidence,  to  the  keratitis 
which  follows  section  of  the  fifth  nerve,  and  to  the  inflammatory  changes  in  the  lung 
which  occur  after  section  of '  both  vagi,  and  to  the  innumerable  cases  seen  in  the 
practice  of  medicine  in  which  inflammations  leading  to  suppuration  are  excited  in 
paralysed  limbs.  The  question  whether  paralysed  parts  are  more  liable  to  inflamma- 
tion is  distinct,  and  will  be  referred  to  in  the  ajtiological  part  of  this  essay. 
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§  4.  Relation  of  Active  Congestion  ok  Determination  of  Blood  to  the 
Process  op  Inflammation. 

The  evidence  given  in  the  preceding  paragraph  that  inflammation  may  occur  in 
parts  which  are  withdrawn  from  the  influence  of  the  central  nervous  system,  must 
not  be  taken  as  applying  to  the  subordinate  question,  whether  or  not  the  Hunterian 
inflammatory  blush,  the  affluxus  sanguinis,  which,  as  we  have  seen,  though  essen- 
tially transitory,  may  and  often  does  lead  on  to  inflammation,  is  or  is  not  a  nervous 
phenomenon.  In  1870  I  was  disposed  to  believe  that  the  affluxus  sanguinis  might 
be  brought  into  relation  with  those  cases,  well  known  to  physiologists,  in  which 
excitation  of  sensory  nerves  induces  increased  activity  of  the  circulation,  and  with 
this  view  gave  an  account  of  the  discoveries  which  had  then  recently  been  made  with 
reference  to  this  subject.  I  pointed  out  that  in  certain  instances  injuries  or  irritation 
which  are  of  such  a  nature  as  to  produce  inflammation,  provided  that  the  action  is 
sufficiently  intense  or  prolonged,  occasion,  as  the  immediate  result  of  their  action, 
temporary  disturbance  of  the  circulation,  and  that  in  these  instances  the  effect  follows 
the  cause  with  such  remarkable  promptitude  that  they  strikingly  resemble  the  reflex 
determination  of  blood  produced,  for  example,  in  the  ear  of  the  rabbit  by  subjecting 
the  central  end  of  the  spinal  nerves  distributed  to  it  to  the  action  of  alternating  in- 
duction currents  in  rapid  succession. 

The  analogy  was  tempting,  but  probably  misleading.  Whether  any  of  the 
instances  in  which  irritation  of  the  surface  produces  a  temporary  blush  are  reflex,  I 
do  not  know.  It  is  sufficient  for  the  present  purpose  to  state  the  reasons  which 
exist  for  thinking  that,  in  general,  the  determination  of  blood  is  as  little  a  reflex 
phenomenon  as  the  hyperemia  of  inflammation. 

The  most  important  is  the  observation  that  was  long  ago  made  by  Schiff,  and 
recently  with  more  precision  by  Goltz  :  first,  that  in  a  limb  which  has  been  paralysed 
by  severance  of  its  nerves,  the  smaller  arterioles,  which  are  at  first  dilated,  entirely 
regain  their  natural  tonus,  so  that  if  the  severance  has  taken  place  on  one  side  only, 
it  is  not  possible  to  distinguish,  either  by  the  vascularity  or  the  temperature  of  the 
limb,  between  the  paralysed  and  the  non-paralysed  side ;  and  secondly,  that  in  the 
limb  so  restored  the  arteries  dilate  as  promptly  on  the  application  of  heat,  or  in 
response  to  a  suitable  mechanical  irritation,  as  in  the  other.  Whence  it  may  be 
certainly  concluded  that  the  condition  sine  qud  mm  for  the  production  of  irritative 
affluxus  is  not  innervation,  but  simply  muscular  excitability  and  contraction. 
Similar  observations  may  be  made  on  the  tongue  of  the  frog.  If  after  exposing  the 
smooth  surface,  as  in  2  (b),  you  approximate  to  it,  without  actual  contact,  a  hot  wire, 
it  is  seen  that  the  surface  becomes  suffused  with  a  blush  of  active  congestion. 
Repeating  the  experiment  on  another  frog  in  which  the  nerves  of  the  tongue  have 
been  divided  some  days  before,  you  find  that  there  is  no  manner  of  difference  between 
the  two  results. 

It  is  scarcely  necessary  to  enter  here  on  the  question  whether  the  tonus  which 
the  arteries  possess  after  the  severance  of  the  nerves  is  due  to  what  Mr.  Lister  in 
1856  called  '  a  peripheral  nervous  co-ordinating  apparatus,  capable  of  being  indepen- 
dently acted  on  by  irritating  agents.'  The  anatomical  basis  for  the  theory  of  the 
existence  of  such  an  apparatus  fails  as  completely  at  the  present  moment  as  it  did 
twenty-three  years  ago.  The  fact  which  Lister  discovered,  and  which  he  desired  to 
explain  by  the  theory  of  a  peripheral  nervous  system,  is  this,  that  the  muscular  walls 
of  the  arteries  have  a  power  of  independently  regulating  their  own  state  of  contrac- 
tion (tonus)  according  to  the  temperature  to  which  they  are  exposed  and  of  reacting 
to  stimuli,  which  is  quite  independent  of  the  nerves  which  are  distributed  to  them. 
The  question  whether  the  similar  effects  which  we  see  produced  reflexly  from  excita- 
tion of  afferent  nerves,  or  those  which  result  in  certain  instances  from  direct  excitation 
of  efferent,  so-called  vaso-inhibitory  or  dilating  nerves  distributed  to  the  arteries,  may 
in  some  instances  be  associated  with  and  strengthen  or  otherwise  modify  effects 
which  are  proximately  of  peripheral  origin,  is  one  which  I  am  disposed  to  leave 
entirely  open. 
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Having  now  completed  our  study  of  the  successive  steps  by  which  the  state  of  in- 
flammation in  a  vascular  tissue  is  established,  we  are  in  a  position  to.direct  our  atten- 
tion to  its  local  effects,  namely  the  physical  changes  of  which  its  objective  signs  are 
the  expression,  and  to  the  secondary  alterations  of  structure  and  function  which 
these  produce. 

§  5.  The  Objective  Sic4ns  of  the  Inflammatory  State. 

(a)  Swelling. — It  is  by  swelling  that  the  transference  of  a  liquid  and  corpuscles 
from  the  circulating  blood  to  the  lymphatic  system  manifests  itself.  This  process, 
which  we  call  exudation  or  transudation  with  equal  propriety,  according  as  we  have 
in  view  the  vessel  out  of  which  or  the  membrane  through  which  the  filtration  or 
leakage  takes  place,  is  that  without  which  inflammation  cannot  exist ;  for  of  the 
other  two  objective  signs,  viz.  redness  and  heat,  the  former,  we  have  seen,  can  only 
be  regarded  as  inflammatory  when  it  is  associated  with  exudation,  while  the  latter  is 
a  mere  consequence  of  the  hyperemia  ;  both  increased  temperature  and  hyperemia 
being  often  present  together  where  there  is  no  question  of  the  existence  of  inflamma- 
tion. 

The  points  which  demand  our  attention  in  relation  to  transudation  as  the  most 
important  characteristic  of  the  inflammatory  state,  are,  first,  the  nature  of  the  exuded 
liquid  and  the  mechanism  by  which  it  is  removed  or  drawn  off  from  inflamed  tissue, 
and  by  failure  of  which  it  accumulates  therein ;  and  secondly,  the  effects  which  its 
accumulation  produces  on  the  blood-vessels,  the  circulation,  and  the  tissues.  Under 
this  head  will  come  to  be  considered  the  mechanism  of  abscess  formation  and  of  in- 
flammatory necrosis. 

The  exuded  liquid. — When  the  tongue  of  the  frog  is  inflamed  by  the  application 
of  crotonised  oil  or  by  temporary  suspension  of  the  circulation,  the  lymph  sacs 
become  distended  with  liquid  containing  innumerable  leucocytes,  which  thereby  finds 
its  way  into  the  lymphatic  system  to  re-enter  the  blood-stream.  It  is  well  known 
that  in  man  and  animals  the  lymphatic  vessels  which  drain  inflamed  parts  are 
fuller  than  natural ;  that  the  lymph  they  contain  occasionally  coagulates,  giving  rise 
to  lymphatic  thrombosis;  and  that  the  lymphatic  glands  are  apt  to  be  swollen  and 
2>ainful ;  but  until  lately  no  precise  information  has  existed  either  as  to  the  quantity 
or  the  quality  of  the  lymph  which  is  collected  by  the  absorbents  of  an  organ  or  of  a 
limb  in  a  state  of  acute  inflammation,  or  of  the  part  which  the  lymphatic  system  takes 
in  the  process.  The  subject  was  a  few  years  ago  successfully  investigated  by  Dr. 
Lassar  1  in  a  very  extended  series  of  experiments.  These  consisted  in  first  producing 
acute  inflammation  involving  all  the  tissues  of  an  extremity  (the  hind  paw  of  the 
dog),  and  then  collecting  the  lymph  by  a  cannula  inserted  into  one  of  the  lymphatic 
trunks  which  accompany  the  lesser  saphena  vein  just  before  this  reaches  the  inguinal 
lymphatic  glands. 

In  some  of  the  experiments  a  second  cannula  was  introduced  into  the  correspond- 
ing lymphatic  trunk  of  the  opposite  side  of  the  body,  so  as  to  compare  the  quantity 
and  quality  of  the  lymph  discharged.  The  contrast  between  the  two  was  striking. 
On  the  sound  side  only  a  drop  or  so  of  lymph  was  discharged  every  few  minutes,  the 
total  quantity  in  an  hour  amounting  to  three  or  four  cubic  centimeters.  On  the 
inflamed  side  (the  irritant  having  been  applied  twenty-four  hours  before)  the  lymph 
vessels  were  much  distended  and  poured  out  lymph  when  opened  for  the  introduc- 
tion of  the  cannula.  Lymph  flowed  by  the  cannula  in  a  continuous  stream  amount- 
ing to  as  much  as  seven  or  eight  cubic  centimeters  in  fifteen  minutes.  In  other 
animals  the  state  of  inflammation  was  produced,  not  by  the  application  of  an  irritant, 
but,  so  to  speak,  instantaneously  by  first  arresting  the  circulation  and  then  immersing 
the  paw  in  water  at  54°  C.  The  object  of  this  was  to  ascertain  at  what  moment  after 
the  inflammatory  state  has  been  established  the  lymphatics  fill  with  exudation  liquid. 
The  foot  having  been  immersed  for  five  minutes,  the  tube  was  at  once  introduced  into 

1  Lassar.  '  Leber  Oedern  mid  Lymphstrom  bei  der  Entzundung,'  Virchuw's  Archie,  vol. 
lxix.  p.  516. 
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the  lymphatic  trunk,  the  operation  occupying  seven  minutes.  Tbe lymphatic  was  by 
that  time  already  full.  In  the  first  quarter  of  an  hour  two  cubic  centimeters  and 
in  the  first  hour  ten  cubic  centimeters  were  collected. 

From  this  experiment  it  is  clear,  first,  that  the  vessels  injured  by  heat  are  already 
in  a  state  of  inflammation  ;  and  secondly,  that  the  lymphatic  vessels  act  as  regards 
exudation  liquid  just  as  they  do  with  respect  to  normal  soakage  from  the  capillaries, 
draining  it  off  at  once  ;  so  that  there  is  at  first  no  accumulation  or  distension.  It  is 
to  be  noted  that  the  lymph  first  secreted  contains  few  corpuscles.  They,  however, 
increase  rapidly  in  numbers. 

As  regards  the  characters  of  the  exudation  liquid  important  information  wait 
obtained.  In  the  dog.  normal  tissue-lymph  yields  about  5  per  cent,  of  dry  residue  on 
evaporation.  Lymph  derived  from  an  inflamed  limb  yields  about  7  per  cent.  It 
owes  its  relatively  high  specific  gravity  chiefly  to  the  leucocytes  it  contains.  There 
are  no  accurate  data  as  to  the  relation  between  the  total  percentage  of  solids  and  the 
relative  number  of  colourless  corpuscles,  which  last  would  be  very  difficult  to  ascer- 
tain ;  but  it  may  be  stated  generally  that  those  exudations  which  are  richest  in 
cellular  elements  contain  the  largest  percentage  of  solids.  The  lymph  from  an  in- 
flamed tissue  coagulates  promptly  and  yields  a  firm  clot,  whereas  the  clot  of  ordinary 
lymph  is  tardy  and  imperfect.  It  owes  its  coagulability,  it  need  scarcely  be  said,  to 
its  colourless  corpuscles,  which  in  normal  lymph  tissue  are  almost  absent.  In 
addition  to  these,  coloured  blood-disks  are  also  present,  but  in  relatively  small 
numbers — sometimes  singly,  but  more  often  in  clumps,  as  if  they  had  escaped  from 
the  capillaries  of  the  inflamed  parts  in  groups. 

Many  of  the  most  striking  and  characteristic  peculiarities  of  particular  inflam- 
mations are  dependent  on  the  anatomical  l  elation  of  the  inflamed  part  to  the  channels 
by  which  it  is  either  (as  in  the  ordinary  case)  restored  to  the  blood-stream  or  (as  in 
some  inflammations  of  the  skin  and  mucous  membrane)  discharged  from  the 
surface. 

Infiltration  and  induration. — In  all  kinds  of  connective  tissue — e.y.  in  the  cutis 
itself,  in  the  subcutaneous  areolar  tissue,  and  in  the  interstitial  tissue  of  solid  paren- 
chymatous organs  —the  exudation  distends  the  lymphatic  interstices  of  the  tissue,  at 
the  same  time  that  it  is  drained  off  by  the  lymphatic  vessels.  To  this  process  we 
apply  the  term  '  infiltration. '  In  microscopical  sections  of  organs  in  a  state  of  in- 
flammation we  have  evidence  of  it  in  the  existence  of  disseminated  leucocytes  which, 
although  they  are  seen  everywhere,  abound  mostly  around  veins  and  capillaries. 
For  this  reason  it  is  often  called  '  small  cell  infiltration  '  ('  kleinzellige  Infiltration '). 
It  is  not  primd  facie  obvious  why  infiltration  should  occur,  for,  as  Lassar's  experi- 
ments clearly  show,  the  lymphatic  system  is  quite  capable  of  removing  all  that 
escapes  from  the  blood-vessels  of  an  inflamed  part.  It  is  not,  therefore,  a  conse- 
quence of  defective  drainage,  and  must  be  attributed  to  the  existence  of  obstruction 
either  in  the  efferent  lymphatics  themselves  or  in  the  channels  by  which  exuded 
material  finds  its  way  through  the  tissue  ;  that  is,  to  obstruction  existing  between  the 
blood-vessels  and  absorbents.  Of  the  nature  of  this  obstruction  there  can,  I  think, 
be  little  doubt.  It  is  the  tendency  to  coagulation  of  the  exudation  liquid.  The 
material  which  fills  the  interspaces  of  an  inflamed  tissue  is  not  fluid,  but  gelatinous, 
more  or  less  according  to  the  duration  of  the  inflammatory  process.  If  you  cut  into 
an  inflamed  tissue  in  the  early  stage  liquid  escapes,  particularly  in  those  forms  of  in- 
flammation (e.g.  that  which  results  from  exposure  to  high  temperature)  in  which  the 
corpuscles  are  few  in  relation  to  the  quantity  of  liquid.  Afterwards,  although  the 
tissue  is  tense  and  hard,  nothing  escapes  from  it  on  incision,  because  the  material 
with  which  it  is  pervaded  has  lost  its  fluidity. 

Abscess  formation. — By  the  term  '  abscess  '  is  meant  simply  a  collection  of  corpus- 
cular liquid  in  a  cavity  of  which,  in  the  first  instance,  the  tissue  of  the  inflamed 
part  constitutes  the  wall.  With  reference  to  the  mode  of  its  formation  we  have  to 
consider  how  the  cavity  is  formed,  and  why  the  leucocytes  collect  in  it. 

The  formation  of  an  abscess  cavity,  whether  large  or  small,  must  always  be  the 
result  of  a  necrosis,  however  limited  ;  for  so  long  as  tissue  lives  there  is  no  space  in 
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which  accumulation  can  take  place.  We  have  already  seen  that  necrosis  is  the 
normal  outcome  of  the  inflammatory  process,  provided  it  is  sufficiently  intense.  A 
dead  part,  if  surrounded  by  living  tissue  in  which  the  circulation  goes  on,  undergoes 
disintegration  which  results  in  a  breach  of  continuity,  or  cavity.  Why  an  inflam- 
mation should  culminate  in  necrosis  at  a  particular  spot,  the  circulation  continuing 
in  the  surrounding  zone  of  induration,  will  be  more  fully  discussed  in  Part  II. 
For  our  present  purpose  it  is  sufficient  to  state  that  an  injury  which  affects  a 
large  area  and  acts  on  the  whole  of  that  area  equally  (e.g.  exposure  to  high  tempera- 
ture) never  gives  rise  to  abscess  formation.  The  formation  of  abscesses  means  that 
the  noxa  must  have  been  of  such  a  nature  as  to  localise  itself  at  the  spot  where  the 
cavity  (the  softening)  originated  ;  consequently  that  the  reason  why  the  inflammatory 
process  culminates  there  and  not  elsewhere,  is  that  on  this  spot  the  injurious  action 
has  in  the  first  instance  been  focussed.  This  idea  is  expressed  in  the  term  '  inflam- 
matory focus '  (Entziindung sheer -de),  commonly  used  with  reference  to  the  origin  of 
an  abscess. 

What  the  relation  between  a  dead  tissue  and  exudation  liquid  is,  can  be  readily 
ascertained  by  observing  what  happens  when  such  tissue  is  placed  in  contact  with 
living  tissue  in  a  state  of  inflammation.  Experiments  of  this  nature,  first  made  by 
v.  Recklinghausen  in  1863,  have  been  long  familiar  to  the  pathologist  If  a  dead 
comea,  a  bit  of  dead  cellular  tissue,  or,  what  will  do  as  well,  a  bit  of  sponge,  of  cat- 
gut, or  of  elder-pith,  is  introduced  into  a  serous  membrane  of  a  mammal,  it  becomes 
the  occasion  of  a  strictly  localised  inflammatory  process,  and  the  seat  of  a  process  of 
infiltration ;  that  is  to  say,  it  becomes  soaked  with  coagulable  liquid  and  charged 
with  leucocytes.  When  a  bit  of  tissue  dies  as  the  result  of  cessation  of  circulation 
(stasis)  its  condition  resembles  that  of  the  bit  of  elder-pith  or  sponge  as  regards 
infiltration  ;  but  differs  in  this  respect,  viz.  in  that  it  is  surrounded  by  tissues  in  a 
more  advanced  state  of  inflammation,  so  that  the  immigration  of  leucocytes  is  much 
more  abundant,  and  that  in  consequence  of  this  abundant  infiltration  the  dead  tissue 
itself  softens  and  disintegrates.  Of  this  disintegration  the  simplest  explanation  is 
that  it  is  due  to  the  quasi-digestive  action  of  the  leucocytes  themselves.  At  present, 
at  all  events,  we  know  of  no  other. 

An  abscess  cavity  once  formed,  even  before  the  framework  of  the  previously 
existing  tissue  is  completely  disintegrated,  leucocytes  tend  towards  it  from  all  sides. 
Why  they  do  so  must  be  allowed  to  remain  still,  as  it  was  eighteen  years  ago,  an  open 
question.  All  that  we  know  about  it  is,  that  they  always  tend  in  the  direction  of 
least  pressure.  This  explains  many  of  the  facts  observed,  but  not  all.  The  contents 
of  an  abscess  are  very  unfavourably  circumstanced  for  absorption  ;  for  so  long  as 
the  surrounding  inflammation  lasts,  its  communication  with  the  lymphatic  system  is 
cut  off.  If  it  is  not  evacuated  either  by  natural  extension  to  the  surface  or  artifi- 
cially, it  becomes  surrounded  by  newly-formed  vessels.  Consequently  the  water  and 
such  of  the  solid  constituents  of  the  exuded  material  as  are  soluble  in  water, 
are  gradually  absorbed.  In  the  meantime  fat  has  been  formed  at  the  expense  of 
the  proteid  material  of  its  cellular  elements,  so  that  what  remains  behind  is  a 
mass  much  more  consistent  than  the  original  contents  of  the  abscess,  which  on 
microscopical  examination  is  found  to  consist  of  remnants  of  leucocytes  mixed  with 
fatty  and  proteid  granules. 

(b.)  Redness  and  increased  tempemture. — As  the  increased  temperature  of  in- 
flamed parts  results  from  the  increased  circulation,  the  effect  and  the  proximate 
cause  may  be  best  considered  together. 

We  have  seen  that  the  condition  of  the  circulation  under  which  exudation  of 
liquid  and  leucocytes  goes  on  actively,  is  that  of  dilatation  of  arteries,  capillaries,  and 
veins,  with  diminished  velocity  of  the  blood-stream.  In  such  a  state  of  things  the 
quantity  of  blood  contained  in  the  part  at  any  given  moment  is  much  greater  than 
usual ;  for  the  content  of  each  vessel  exceeds  its  normal  content  in  the  same  pro- 
portion that  the  width  of  its  channel  is  increased.  But  it  is  clear  that  this  may  be 
attended  either  with  no  change  in  the  quantity  of  blood  which  passes  through  the  part  in 
a  given  time,  or  with  an  ncrease,  or  with  a  diminution.   If  the  diminution  of  velocity  is 
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exactly  proportional  to  the  widening  of  the  channel,  the  part  will  receive  the  same  quan- 
tity of  blood  as  before.  If  the  retardation  exceeds  the  dilatation,  the  quantity  will  be 
diminished ;  but  if,  as  is.  actually  the  case,  the  retardation  is  much  less  than  the 
dilatation  would  account  for,  the  quantity  will  be  increased.  The  proof  that  this  is 
so  can  only  be  obtained  in  one  way,  viz.  by  directly  measuring  the  quantity  of  blood 
which  flows  from  the  principal  vein  of  a  limb  in  the  state  of  inflammation  witii  that 
which  flows  by  the  corresponding  vein  of  the  other  side  of  the  body.  This  com- 
parative measurement  has  been  made  by  Cohnheim,  who  has  found  that  the  rate  of 
venous  flow  per  second  may  be  twice  as  great  from  the  inflamed  limb  as  from 
the  other.  The  results  of  numerous  experiments  made  in  this  way  showed  that  the 
inci'ease  of  circulation  (by  which  expression  the  reader  will  bear  in  mind  is  meant 
not  increased  velocity,  but  increased  transmissiou  in  a  unit  of  time)  is  greatest  in  the 
early  stage  of  an  inflammation  (e.g.  in  the  dog  shortly  after  the  immersion  of  the 
foot  in  water  at  54°  C).  In  the  course  of  the  next  two  or  three  days,  although  the 
swelling  increased,  the  difference  in  favour  of  the  inflamed  limb  diminished;  and  in 
the  advanced  stage,  especially  when  there  was  much  suppuration,  it  often  happened 
that  the  flow  was  more  abundant  from  the  vein  of  the  sound  side  than  from  the 
other.  The  reason  for  this  gradual  diminution  of  circulation  in  an  inflamed  part  is 
not  far  to  seek.  Diminished  circulation  might  be  due  either  to  premature  (if  we  may 
use  the  term)  restoration  of  arterial  tonus,  to  inci'ease  of  capillary  resistance,  or  to 
both  in  combination.  Considering  that  exudation  is  still  going  on,  and  probably 
with  greater  activity  than  at  first,  it  is  most  probable  that  of  the  two  conditions  the 
latter  is  the  most  operative.  In  confirmation  of  this  view  reference  may  be  made  to 
an  elaborate  research  which  has  been  very  recently  published  by  Professors  Glax  and 
Klemensiewicz  of  Graz,1  in  which  they  have  shown,  I  think  conclusively,  that  from 
the  moment  that  the  lateral  pressure  against  the  internal  surface  of  the  capillaries 
and  veins  is  partly  balanced  by  external  pressure  exerted  in  the  opposite  direction 
by  the  accumulated  exudation,  these  vessels  must  and  actually  do  diminish  in 
diameter,  and  consequently  transmit  a  relatively  smaller  quantity  of  blood  per 
second.  So  long  as  the  efflux  of  exudation  is  perfectly  free  this  cause  will  of 
course  be  inoperative  ;  but  from  the  moment  that  the  tissues  become  charged  with 
liquid  every  addition  to  the  charge  by  further  leakage  must  tend  to  augment  the 
external  pressure  which,  as  regards  its  effect  on  the  width  of  the  vessels,  amounts  to 
the  same  thing  as  if  the  pressure  exerted  by  the  blood  on  the  internal  surface  were 
diminished  to  the  same  extent. 

The  temperature  of  an  external  part  in  the  state  of  inflammation  is  increased 
because  a  large  quantity  of  warm  blood  circulates  through  it  in  a  unit  of  time. 
Consequently  the  difference  between  its  temperature  when  inflamed  and  its  normal 
temperature  is  approximately  proportional  to  the  normal  difference  between  the 
latter  and  the  temperature  of  the  blood  which  it  receives.  As,  therefore,  the  tem- 
perature of  the  arterial  blood  is  everywhere  nearly  the  same,  but  the  temperature  of 
exposed  parts  (such  as  the  extremities)  is  much  lower  than  that  of  the  internal  organs, 
the  augmentation  of  temperature  produced  is  much  greater  in  the  former  than  in  the 
latter.  Even  when  the  circulation  in  a  part  is  increased  to  the  utmost,  the  tempera- 
ture of  an  extremity  never  becomes  equal  to  that  of  the  blood  distributed  to  it. 
Thus,  after  division  of  the  brachial  plexus  in  the  dog,  when  the  arteries  are  fully 
dilated,  if  the  animal  is  in  a  room  at  the  ordinary  temperature  (15°  C.)  a  thermometer 
of  which  the  bulb  is  placed  between  the  toes  will  indicate  a  difference  of  6°  or  8° 
between  the  two  paws ;  but  the  temperature  of  the  paralysed  paw  will  still  fall 
short  of  the  temperature  of  the  arterial  blood.  In  an  inflamed  part  the  difference 
may  be  nearly  as  great,  but  will  always  be  less  than  that  of  the  central  parts  of  the 
body.  In  the  experiments  referred  to  above,  in  which  the  state  of  the  circulation 
was  investigated  at  different  stages  of  inflammation  of  the  paw  of  the  dog,  it  was 
found  that  the  temperature  of  the  part  was  the  highest  when  the  circulation  was 
most  active,  gradually  declining  as  the  process  advanced. 

'  Glax  undKlemensipwiez,  '  Beitrii<re  zur  Lebre  von  der  Entziindung.'    Wiener  Sitzunys- 
berichte,  vol.  lxxxiv.,  July,  1881. 
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Stasis. — In  connection  with  'redness'  as  a  sign  of  inflammation,  some  further 
reference  must  be  made  to  stagnation  or  stasis.  Arrest  of  the  circulation  in  the  capil- 
laries is  the  final  result  of  every  inflammation  which  is  sufficiently  intense.  In  this 
arrest  two  stages  are  to  be  distinguished.  In  the  first  the  capillaries  are  seen  to  be 
choked  with  coloured  blood-corpuscles,  but  these  are  unaltered  in  appearance.  This 
condition  occurs  in  inflammations  which  are  capable  of  '  resolution,'  i.e.  which  tend 
to  subside  as  soon  as  the  injurious  action  on  which  they  are  dependent  ceases.  The 
restoration  of  the  blood-stream  in  the  stopped  capillaries  forms  part  of  the  restitutio 
ad  normam.  But  when  capillary  stagnation  has  lasted  a  certain  time,  it  becomes 
permanent.  The  blood-corpuscles  are  then  packed  together  in  the  choked  capillaries 
in  such  a  way  that  their  outlines  cannot  be  distinguished,  so  that  a  part  in  this 
condition  presents  the  appearance  of  a  ramification  of  cylinders  of  red  coral.  The 
effect  of  this  is  of  course  necrosis  both  of  the  stopped  capillaries  and  of  the  tissues 
between  them. 

That  this  condition,  in  which  the  inflammatory  process  may  be  truly  said  to 
culminate,  is  a  result  not  of  any  peculiarity  of  the  blood  which  circulates  in  inflamed 
parts,  but  of  changes  in  the  injured  blood-vessel,  was  enforced  by  Mr.  Lister  in  his 
remai'kable  paper,  '  On  the  Early  Stages  of  Inflammation,' 1  published  in  1858.  It  is 
shown  in  a  very  striking  way  in  an  experiment  made  by  Dr.  Byneck  (of  Graz)  in 
1870,  from  which  it  appeared  that  the  phenomena  of  stasis  can  be  produced  by  irrita- 
tion in  the  webs  of  frogs,  in  which  milk  or  defibrinated  blood  of  mammalia  has  been 
substituted  for  the  ch-culating  fluid.  To  demonstrate  this,  fresh  milk  must  be  injected 
under  a  pressure  of  from  two  to  three  inches  by  a  cannula  into  the  bulbus  aortce 
of  a  curarised  frog,  the  sinus  venosus  having  been  previously  opened.  The  milk, 
having  passed  through  the  systemic  circulation,  finds  its  way  out  at  the  venous 
opening,  completely  displacing  the  natural  contents  of  the  vessels.  If,  then,  the  web 
is  touched  with  a  rod  moistened  with  ammonia,  the  phenomena  of  stasis  occur  in  the 
irritated  part ;  the  capillaries  become  crowded  with  milk-globules,  exhibiting  the 
appearance  of  grey  cords.  When  defibrinated  blood  is  used,  the  results  are  even 
more  striking,  for  in  this  case  the  choked  vessels  soon  exhibit  in  every  respect  the 
same  appearances  as  in  ordinary  inflammation.2 

§  6.  The  Process  of  Inflammation  in  the  Cornea. 

In  order  to  complete  the  discussion  of  the  process  of  inflammation,  an  account  must 
be  given  of  the  effects  of  injury  in  non-vascular  tissues;  for  it  is  obvious  that  there  can  be 
no  better  way  of  determining  whether  those  changes  in  the  vascular  wall  to  which  we 
have  been  led  to  attach  so  much  importance,  are  really  of  the  essence  of  the  process, 
than  to  observe  what  happens  when  tissues  without  blood-vessels  are  subjected  to 
conditions  which  are  calculated  to  produce  inflammation. 

The  cellular  theory  of  inflammation  of  Vrrchow,  according  to  which  the  process 
centres  on  changes  in  the  textural  elements  of  the  affected  parts,  has,  ever  since  the 
discovery  of  the  true  origin  of  pus  in  1867,  sought  for  its  support  in  experiments 
relating  to  the  effects  of  injury  in  non-vascular  parts,  and  particularly  in  the  cornea. 
Keratitis  was  for  several  years  the  stronghold  of  those  who  still  believed  that  the 
cells  of  connective  tissue,  when  they  are  injured  in  such  degree  as  not  to  destroy  their 
vitality,  respond  to  the  injury  by  increased  productive  activity ;  for,  regarded  from 
the  point  of  view  of  the  cellular  theory,  nothing  appeared  to  be  more  plain  than 
the  '  proliferation '  seen  in  the  tissue  of  a  cornea  which  had  been  touched  with 
caustic  or  mechanically  injured.  Consequently,  the  nature  of  this  proliferation  soon 
became  the  subject  of  vehement  and  sometimes  angry  controversy — a  controversy 
which  still  goes  on.  For,  notwithstanding  that  the  process  has  now  been  studied 
with  such  care  and  completeness  that  its  minutest  details  are  known,  there  are 
still  those  who  find  in  these  details  evidence  that  emigration  is  not  the  only 
source  of  the  young  cells  by  which  the  injured  cornea  becomes  pervaded. 

1  Philosophical  Transactions,  1858,  p.  645. 

2  Byneck,  Zur  Kenntniss  tier  Stage  cles  Blut.es  in  den  Gefdssen  entziindeter  Theile.  Rollett's 
Untersuch.  cms  dem  Institute  fur  Phi/s.  u.  Histol.  in  Graz.  Leipzig,  1870,  p.  103. 
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I  need  scarcely  remind  the  reader  that  the  cornea  consists  of  lamella?  of  fibrous 
tissue  parallel  to  each  other  and  to  the  surfaces ;  that  the  fibres  composing  each 
layer  run  side  by  side,  but  that  those  of  two  adjacent  layers  cross  each  other;  that 
the  space  between  the  fibres  is  occupied  hy  '  ground-substance,'  in  which  there  are 
branched  excavations  which  are  very  narrow  vertically,  but  of  great  extent  in  direc- 
tions parallel  to  the  surface  ;  that  these  cavities  are  situated  between  two  adjacent 
layers  and  communicate  freely  by  their  branches  with  neighbouring  cavities,  whether 
these  are  at  the  same  or  at  different  depths  from  themselves;  finally,  that  in  each 
cavity  a  nucleated  cell  is  contained  of  which  the  general  form  corresponds  with  that 
of  the  cavity  it  inhabits,  but  that  neither  the  cell  nor  its  branches  completely 
occupy  the  channels  in  which  they  lie,  so  that  liquid  can  pass  freely  in  eveiy  direc- 
tion between  the  ground-substance  and  the  cell-protoplasm. 

The  effects  of  injury  in  all  its  degrees  may  be  studied  in  the  cornea  of  the  rabbit. 
When  a  fine  silk  thread  is  inserted  into  the  middle  of  the  anterior  surface,  no  effect 
shows  itself  for  some  time.  In  about  four  hours  redness  appears  round  its  border, 
which  gradually  increases  in  the  course  of  the  next  two  days.  In  the  meantime  the 
cornea  becomes  opaque,  the  opacity  beginning  partly  from  the  border,  partly  from 
the  wound.  If  the  thread  is  now  removed,  the  effects  rapidly  disappear,  the  only 
remainder  being  a  whitish  speck  at  the  seat  of  the  injury.  If  it  is  left  in,  the  border 
of  congestion  begins  to  encroach  on  the  cornea.  Pus  collects  in  the  anterior  chamber, 
and  inflammation  of  the  whole  of  the  eyeball  results.  It  often,  however,  happens 
that,  although  the  ligature  is  not  removed,  the  effect  falls  short  of  this.  Thus  the 
zone  of  injection  may  limit  itself  to  one  side — namely,  the  part  of  the  border  nearest 
the  injury — in  which  case  the  marginal  opacity  of  the  cornea  is  limited  to  that  side, 
and  is  connected  by  a  bridge  with  the  opacity  which  surrounds  the  ligature. 

In  this  mode  of  producing  keratitis,  two  actions  can  be  easily  distinguished — the 
more  remote  action  on  the  vessels,  and  the  change  which  takes  place  in  the  substance 
of  the  cornea  around  the  injury.    But  it  is  possible  to  produce  this  local  effect  with- 
out any  congestion.    For  this  purpose  the  injury  need  not  be  of  less  extent,  but  must 
be  of  a  different  kind.    If  for  the  ligature,  a  wound  is  substituted — if  a  little  bit  of 
corneal  tissue  is  removed  with  the  point  of  a  lancet,  or  by  the  application  of  the 
galvanic  cautery,  no  vascular  disturbance  usually  follows,  and  the  effect  is  limited  to 
an  opacity  which  immediately  surrounds  the  injury.    The  nature  of  this  local  change, 
which  is  produced  by  injury,  may  be  studied  in  preparations  obtained  by  any  of  the 
methods  above  referred  to.    If,  for  example,  the  cornea  of  a  rabbit,  in  which  a  seton 
of  silk  thread  has  been  introduced  from  two  to  three  days  previously,  is  prepared  by 
the  gold  method  as  described  by  Mr.  Dowdeswell,1  it  is  found  that  the  opaque  parts 
differ  from  the  normal  parts  in  one  respect  only — namely,  that  there  exist  in  the  tissue, 
in  numbers  varying  according  to  the  intensity  of  the  effect  produced,  leucocytes  which 
are  adherent  to  the  external  surfaces  of  the  fixed  cells  or  are  entangled  in  their  branch- 
ing processes ;  but  that,  as  regards  the  fixed  processes  themselves,  not  the  slightest 
difference  can  be  made  out  by  the  most  careful  comparison,  between  those  of  diseased 
and  of  healthy  parts  of  the  same  cornea,  or  between  those  of  diseased  and  normal 
corneas.    In  all  cases  of  wound  of  the  corneal  surface,  provided  that  the  wound  is 
sufficiently  deep  to  expose  the  corneal  tissue,  the  injured  spot  is  surrounded  by  a 
zone  of  opacity.    This  is  due  not  to  the  access  to  the  seat  of  injury  of  leucocytes 
from  the  surrounding  capillaries — for,  as  we  have  seen,  it  occurs  in  the  absence  of  any 
vascular  effect — but  from  the  penetration  of  bodies  of  the  same  kind  from  the  conjunc- 
tival sac.    How  this  happens  is  best  illustrated  by  a  well-known  experiment  which 
consists  in  introducing  an  excised  cornea  into  the  peritonaeum  of  a  living  animal, 
using  antiseptic  precautions.    The  cornea  so  introduced  excites  in  its  new  position 
a  very  limited  inflammation,  in  consequence  of  which  it  becomes  pervaded  by  leuco- 
cytes, which  entering  by  the  cut  surfaces  and  following  the  course  of  the  system  of 
channels  previously  described,  come  into  direct  relation  with  the  cells.    In  such  a 
cornea  the  opacity  is  marginal ;  but  if  before  introducing  it  a  breach  is  made  in  the 

1  Dowdeswell.  'On  the  Changes  of  the  fixed  Corpuscles  of  the  Cornea  in  the  Process  of 
Inflammation.'    Proceedings  nf  the  Royal  Society,  vol.  xxv.  No.  177. 
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convex  surface,  this  becomes  surrounded  by  a  distinct  zone  of  opacity,  the  appear- 
ance of  which  cannot  be  distinguished  from  that  produced  in  a  living  cornea  by  an 
injury  of  the  same  kind. 

In  the  experiments  above  related,  notwithstanding  that  intense  inflammation  of 
the  cornea  is  produced,  as  evidenced  by  its  altered  condition  and  the  surrounding 
congestion,  no  appreciable  damage  is  done  to  the  elements  of  the  tissue.  If,  how- 
ever, a  chemical  noxa  is  substituted  for  the  mechanical  injury,  the  result  is  different. 
If,  for  example,  strong  solution  of  zinc  chloride1  is  applied  over  a  very  limited  area  of 
the  rabbit's  cornea,  and  the  cornea  excised  some  twenty -four  hours  afterwards,  it  is 
found  that,  notwithstanding  that  the  injury  has  been  too  slight  to  produce  any 
vascular  reaction,  the  cornea  corpuscles  are  completely  destroyed,  or  so  altered  by  the 
caustic  as  to  be  almost  indistinguishable.  Immediately  outside  of  the  altered  part 
they  are  perfectly  normal,  but  between  this  and  the  area  of  total  disintegration 
there  occurs  a  zone  (the  granular  zone  of  Eberth)2  in  which  the  corpuscles  are  very 
distinct,  but  have  lost  their  characteristic  appearance.  They  are  represented  by 
separate  clumps  of  irregular  form,  without  branching  processes.  A  cornea  in  this 
condition,  with  its  central  zone  of  spoilt  tissue,  separated  from  the  unaffected  part 
only  by  the  granular  line  of  demarcation  just  described,  is  clearly  not  in  a  state  of 
inflammation,  although  part  of  it  is  irrecoverably  dead.  There  is  no  redness,  no 
swelling.  No  leucocytes  enter  the  tissue  of  the  cornea  from  the  vessels  of  the  limbus, 
because  the  injury  has  not  been  of  such  a  nature  as  to  affect  them,  and  consequently 
there  has  been  no  emigration.  None  have  penetrated  even  the  conjunctival  sac, 
because  the  chemical  agent  employed  interferes  so  little  with  the  epithelial  covering 
of  the  cornea,  that  no  way  is  opened  for  their  admission.  That  this  is  so  may  be  most 
strikingly  illustrated  by  an  experiment  of  Senftleben's,  in  which,  after  the  applica- 
tion of  chloride  of  zinc  to  the  cornea  as  above  described,  a  silk  ligature  was  intro- 
duced in  the  middle  of  the  clear  zone  of  disintegration.  The  ligature,  of  course, 
afforded  access  to  leucocytes,  and  soon  was  surrounded  by  a  spot  of  opacity. 

The  pathological  process  we  have  been  studying  suggests  a  question  of  great  im- 
portance, which,  as  it  belongs  as  much  to  the  setiology  as  to  the  process  of  inflamma- 
tion, may  be  advantageously  discussed  here,  by  way  of  transition  to  the  next  subject. 
We  have  seen  that  central  injuries  of  the  cornea  differ  from  each  other  remarkably 
as  regards  their  tendency  to  give  rise  to  vascular  reaction,  and  it  may  be  added  that 
the  same  injury  which  in  one  individual  induces  no  reaction  at  all  may  result  in  a 
panophthalmitis  in  another.  Two  questions  have  to  be  answered,  which  may  be  stated 
as  follows.  By  what  channel  is  the  influence  of  an  injury  conveyed  to  the  capillary 
blood-vessel  in  which  it  first  manifests  itself,  and  why  is  the  vascular  effect,  for 
example,  of  a  seton  so  much  greater,  as  compared  with  the  extent  of  injury  inflicted, 
than  that  of  the  application  of  chloride  of  zinc  ?  The  first  question  is  easily  answered. 
There  are  but  two  possible  channels  of  influence — namely,  the  corneal  nerves,  and  the 
liquid  which  occupies  the  cell  cavities  and  the  ramified  channels  by  which  they  com- 
municate with  each  other.  That  the  nervous  system  can  have  nothing  to  do  with  the 
process  is  evident  from  the  time  which  is  occupied.  A  response  which  does  not  take 
place  until  hours  have  elapsed  since  the  action  which  occasioned  it,  cannot  be  regarded 
as  due  to  propagation  by  nerves  or  ganglia.  The  agent  which  conveys  to  the  capillary 
blood-vessels  the  influence  of  the  noxa  must  be  capable  of  diffusing  itself  in  the 
liquid  which  fills  the  lymphatic  channels  of  the  tissue.  This  being  admitted,  it 
follows  that  the  injurious  material  must  either  have  been  introduced  from  outside, 
that  it  must  have  originated  on  the  spot,  or,  as  a  third  alternative,  that  it  must  have 
been  introduced  in  the  germ  state  and  developed  at  the  seat  of  injury.  On 
grounds  which  will  be  discussed  in  the  following  pages,  it  will  be  seen  that  the  last 
of  these  propositions  is  probably  true. 

1  See  Senftleben,  ' Beitrage  zur  Lehre  von  der  EntziinduDg  und  den  dahei  auftretenden 
corpuscularen  Elementen.'     Virchow's  Archiv,  vol.  lxxii.  p.  542. 

3  Eberth, '  Path.  Untersuchungen,'  Virchow's  Archiv,  vol.  lxvi.  p.  113. 
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PART  II. 

THE  .ETIOLOGY  OF  INFLAMMATION. 

§  1.  Proximate  Cause  of  Traumatic  Inflammation. 

In  entering  on  the  study  of  the  retiology  of  inflammation,  we  must  take  as  the  basis 
of  our  enquiries  what  we  have  learnt  by  experiment  and  observation,  as  to  the  way 
in  which  it  begins  when  it  is  produced  intentionally  or  accidentally  by  injuries  of 
which  we  can  measure  and  limit  the  action.  For  if  we  are  able  to  explain  the  rela- 
tion between  known  hurts  of  different  kinds  and  intensities,  and  the  inflammations 
they  produce,  we  may  expect  to  be  able  to  use  that  knowledge  for  the  purpose  of 
inferring  from  the  observed  effect  the  nature  of  the  unknown  cause. 

In  1870  I  concluded,  from  considerations  which  related  entirely  to  the  mode  of 
origin  and  development  of  the  inflammatory  state,  that,  inasmuch  as  '  the  earliest  and 
most  constant  effects  of  irritation  or  injury  manifest  themselves  in  the  vessels,  it  is 
there  that  the  process  has  its  seat ; '  that  the  effect  of  inj  ury  on  the  vessels  is  '  to 
change  the  living  substance  of  the  vascular  walls  so  as  to  make  it  permeable  to  the 
blood,  but  that  the  nature  of  the  change  was  unknown '  (last  edition,  vol.  v.  pp. 
788-789).  It  was  stated  (p.  764)  that,  independently  of  any  visible  alteration  either 
in  the  vessel  itself  or  in  the  structural  elements  in  its  neighbourhood,  '  the  constant 
effect  of  injuring  a  living  tissue  is  to  divert  a  part  of  the  liquor  sanguinis  from  its 
natural  course,  and  to  determine  its  soakage  from  the  vessels  which  before  held  it, 
into  the  surrounding  parenchyma,'  this  being  due  to  'the  walls  of  the  capillaries  be- 
coming so  altered  that  the  liquor  sanguinis,  instead  of  transuding  in  quantities  just 
sufficient  to  balance  the  absorption,  leaks  abundantly  from  the  vessels.' 

In  1873  Cohnheim  enunciated  the  theory  of  inflammation  which  has  been  since 
known  as  the  '  alteration  theory,'  viz.  that  '  the  alteration  of  the  physiological  con- 
dition of  the  walls  of  the  vessels  is  the  cause  of  those  phenomena  and  processes,  the 
sum  of  which  is  designated  by  the  term  acute  inflammation.'  Cohnheim's  proof  of 
this  proposition  has  already  been  given.  It  is  founded  on  the  observation  that,  in 
an  organ  which  has  been  deprived  of  blood  for  a  sufficient  time,  and  in  which,  con- 
sequently, the  physiological  conditions  both  of  the  blood-vessels  and  of  the  other 
tissues  is  unquestionably  altered,  the  walls  of  the  blood-vessels — that  is,  the  tissue 
with  which  the  blood  comes  first  into  contact — at  once  begin  to  act  as  if  they  were 
inflamed,  the  characters  of  a  developed  inflammation  exhibiting  themselves  from 
the  moment  that  the  circulation  is  restored ;  and  that  an  organ  of  which  the  tissues 
have  been  spoilt  by  a  few  minutes'  exposure  to  a  temperature  of  54°  C.  acts  in  the 
same  way.  As  a  definition  of  the  nature  of  inflammation,  Cohnheim's  proposition 
may  be  accepted  without  either  modification  or  reservation.  It  does  not  state  that 
the  blood-vessels  are  more  'altered'  than  other  tissues,  which,  of  course,  could  only 
be  explained  on  the  hypothesis  that  they  are  more  susceptible  to  injury,  but  simply 
that  their  changed  or  abnormal  condition  is  the  proximate  cause  of  all  the  phenomena 
of  inflammation — viz.  of  the  dilatation  of  the  vessels,  of  the  altered  circulation,  of  the 
transudation  of  liquid  and  corpuscles,  and,  finally,  of  the  stagnation  and  death, 
which  is  the  last  link  in  the  chain  of  pathological  results.  These  considerations 
justify  us  in  saying  that,  in  inflammation,  the  alteration  of  the  physiological  pro- 
perties of  the  vascular  wall  is  that  on  which  the  carJinal  objective  signs  immediately 
depend.  In  making  this  statement  we  must,  however,  guard  ourselves  against 
being  understood  to  mean  that  the  condition  of  the  vascular  wall  is  the  proximate 
cause  of  inflammation.  The  damaged  state  of  the  vessels  is  itself  an  essential  part 
of  inflammation,  and  therefore  cannot  be  its  cause.  The  cause  of  inflammation  is  the 
agent,  whatever  it  be,  that  produces  the  damage  of  the  tissues  in  general,  and  par- 
ticularly of  the  blood-vessels.  In  the  cases  of  inflammation  produced  experimentally 
which  have  been  referred  to  in  the  first  part  of  this  essay,  it  might  be  expected  that 
everyone  would  admit  that  the  injuries  inflicted  (as,  for  example,  in  subjecting 
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the  organ  experimented  on  to  cold  or  heat,  in  the  application  of  crotonised  oil,  &c.) 
might  without  reserve  be  regarded  as  the  agent  in  producing  the  damage  done  to 
vessel  and  tissue.  But  tin  progress  of  pathological  investigation  during  the  last  ten 
years  has  rendered  it  impossible  to  accept  this  apparently  self-evident  deduction 
from  the  constant  relation  observed  between  the  process  of  inflammation  and  its 
antecedent,  as  expressing  the  whole  truth  on  the  subject.  It  is  now  regarded  as 
certain  by  pathologists  that  minute  organisms  are  concerned  in  all  the  more  serious 
pathological  effects  of  injuries.  With  reference  to  the  mode  and  degree  of  their 
interference,  three  propositions  may  be  referred  to  as  embodying  the  conclusions 
arrived  at  by  different  observers  and  thinkers — viz.  (1),  That  when  inflammation  of  a 
living  part  is  determined  by  an  injury,  the  injury  acts  only  as  a  predisposing  cause— 
the  proximate  cause  is  the  presence  of  organisms ;  (2)  Inflammation  may  be  pro- 
duced without  the  concurrence  of  organisms,  but  in  this  case  the  process  is  neither 
progressive  nor  infective — that  is,  it  neither  tends  to  spread  to  contiguous  parts 
beyond  the  area  of  injury,  nor  to  infect  distant  parts  by  the  circulation;  (3)  The 
organisms  which  produce  these  results  exist  constantly  in  surrounding  media.  We 
shall  see  that  for  the  propositions  (1)  and  (2)  there  are  good  reasons  which  deserve 
the  most  serious  consideration,  but  that  (3),  known  as  the  '  atmospheric  germ  theory,' 
rests  on  a  much  more  slender  foundation. 

Septic  organisms  as  exciters  of  inflammation.  Discussion  of  propositions  (1) 
and  (2). — The  first  theory  is  maintained  by  Professor  Hueter  of  Greifswald.1  He 
enunciates  it  as  follows  : — There  is  only  one  true  cause  of  inflammation — namely,  the 
'immigration  of  viable  micrococci  capable  of  multiplication ' — but  there  are  innumer- 
able Anlasse,  remote  causes  ;  and,  again, 1  inflammation  is  an  epidemic  which  is  spread 
over  the  whole  world.'2  Before  stating  the  grounds  on  which  the  theory  as  to  the 
cause  of  inflammation  rests,  it  is  well  to  be  sure  that  Hueter's  conception  of  its 
nature  agrees  with  that  given  in  the  first  part  of  this  essay.  On  the  whole  it  does, 
but  he  is  disposed  to  accept  as  inflammation  only  the  severer  forms.  On  this  subject 
he  says,  '  True  inflammation  is  characterised  by  the  tendency  to  suppuration,'  and 
thinks  it  would  not  be  amiss  to  fall  back  on  an  old  definition  of  Virchow,  according 
to  which  inflammation  is  a  disorder  of  nutrition  ivith  the  character  of  danger.  3  He 
excludes  what  he  calls  '  hyperplastic  tissue  irritation.'  Thus  he  refuses  to  admit 
that  inflammation  has  anything  to  do  with  the  union  of  a  fractured  bone,  without  at 
all  denying  that  emigrated  leucocytes  are  concerned  in  the  formation  of  callus.  As 
regards  those  cases  in  which  inflammation  is  induced  experimentally  by  the  action 
of  cold,  he  holds  that  the  process  which  follows  is  not  the  direct  effect  of  the  cold, 
but  is  due  to  '  exciters  of  inflammation  which  nest  in  the  tissue  in  which  the  circula- 
tion and  nutrition  have  ceased.'  4 

Professor  Hueter's  experiments. — The  facts  which  constitute  the  most  important 
si  pport  to  this  theory  are  those  which  show  that,  under  what  are  now  called  aseptic 
conditions,  tissue  may  be  not  only  injured  but  destroyed  by  chemical  agents,  as  well 
as  by  the  actual  cautery,  without  exciting  inflammation  in  the  neighbourhood.  Two 
series  of  experiments  have  been  made  under  Professor  Hueter's  direction  for  the 
purpose  of  obtaining  evidence  on  this  subject.  In  one  of  them,  five  per  cent,  solu 
tion  of  nitrate  of  silver  was  injected  into  the  muscles  and  other  parts  of  various 
animals,  in  many  instances  without  producing  either  '  suppuration,  or  vascular 
dilatations,  or  tissue  hyperplasia,'  or  indeed  any  other  alterations  excepting  those 
due  to  the  direct  chemical  action  of  the  silver  salt  on  the  tissue.    The  fact  that  in 

1  '  Beitragzur  aetiologischen  Lehre  der  Entziindung.'  Hueter,  Zeitschrift  fur  Chirurgie, 
vol.  ix.  p.  401. 

2  '  Man  kann  die  Entziindung  im  allgemeinen  als  erne  kontagibsmiasmatische  Epidemie 
bezeiclmen,  welehe  sich  fast  iiber  die  ganze  Erde  erstreckt.'  Hueter,  Grundriss  der  Chirurgie., 
Part  I.,  p.  6,  1880. 

3  Virchow's  words  were  '  Entziindung  ist  von  anderen  Ernahrungsstorungen  ausgezeichnet 
durch  die  Grosse  ihrer  Leistung,  durch  die  Schnelligkeit  Hires  Verlaufs,  hauptsachlich  aber 
durch  den  Character  der  Gefahr.' 

4  '  Ich  mochte  aus  diesem  Yersuch  nur  deduciren  dass  in  nichternahrten  vom  Blut  nicht 
durchstromten  Geweben  die  Entziindungserregenden  Noxen  sich  am  beaten  einnisten.  p.  413. 

G  2 


84 


INFLAMMATION. 


about  half  the  experiments  inflammatory  alterations  were  induced  by  the  injection, 
was  attributed  to  the  difficulties  met  with  in  carrying  out  antiseptic  methods  effi- 
ciently. More  complete  and  constant  success  was  met  with  when  chloride  of  zinc  was 
used.  This  substance,  in  five  per  cent,  solution,  when  injected  into  the  muscular 
tissue  of  a  dog,  kills  the  tissue  completely ;  but  the  injury,  says  Hueter,  gives  rise  to 
no  inflammation  whatever,  provided  that  the  cannula  of  the  syringe  is  washed  before 
using  it  for  injecting,  with  five  per  cent,  solution  of  carbolic  acid,  and  that  the  skin 
is  drawn  aside  before  making  the  puncture,  so  that  when  the  instrument  is  with- 
drawn and  traction  removed,  the  track  of  the  cannula  through  the  skin  and  through 
the  fascia  may  not  coincide  with  one  another.  Hueter  found  that  the  mass  of 
altered  muscle  remained  as  harmless  in  the  surrounding  tissue  as  if  nothing  had 
happened.  There  was  neither  suppuration,  nor  swelling,  nor  gramdation.  Com- 
paring this  result  with  the  very  different  ones  observed  when  the  agent  is  used  so  as 
not  only  to  destroy  deep-seated  and  protected  parts,  but  also  the  integument,  Hueter 
finds  it  impossible  not  to  attribute  the  difference  between  the  two  cases  to  the  fact 
that  in  the  latter  the  '  inflammation-exciters  of  the  atmosphere '  find  admission  to 
the  tissues,  from  which  in  the  former  they  are  excluded. 

Another  elaborate  series  of  experiments,  showing  that  it  is  possible  to  obtain 
healing  by  the  first  intention,  of  deep  wounds  inflicted  by  the  actual  cautery,  was 
carried  out  at  Professor  Hueter's  suggestion  by  Dr.  Hallbauer.1  The  method  consisted 
in  making  a  cutaneous  incision,  drawing  the  skin  aside,  then  plunging  the  wedge- 
shaped  Pacqueiin's  thermo-cautery  into  the  muscle  of  a  rabbit  to  a  depth  of  half  an 
inch  or  more.  The  whole  operation  was  performed,  and  the  wound  treated  under  strict 
antiseptic  precautions,  after  wdiich  the  skin  wound  was  quickly  brought  together  by 
sutures,  and  immediate  union  by  the  first  intention  sought.  Care  was  also  taken  to 
prevent  the  animal  from  gnawing  away  the  bandages  when  it  recovered  from  the  ether 
which  was  used  as  an  anaesthetic.  In  all  the  cases  (ten  out  of  thirteen)  in  which 
these  indications  could  be  carried  out,  the  wound  healed  per  primam,  and  there 
was  no  constitutional  disturbance.  The  animals  were  killed  at  periods  varying  from 
three  days  to  sixty  days  after  the  operation,  and  microscopic  sections  were  made  of 
the  hardened  tissues.  In  the  cases  in  which  the  examination  was  made  early  (before 
the  expiration  of  the  first  three  weeks)  the  track  of  the  wound  in  the  muscular  mass 
was  indicated  by  a  faint  brown  mark  bordered  on  either  side  by  a  '  fibrous  nucleated  ' 
tissue,  outside  of  which  came  altered  muscular  fibres.  None  of  the  preparations 
afforded  any  indication  of  a  line  of  demarcation  ;  on  the  contrary,  the  appearances, 
which  of  course  varied  according  to  the  time  which  had  elapsed,  were  such  as  to 
indicate  that  the  destroyed  tissue  was  being  encapsuled  or  absorbed.  In  many 
instances  there  seemed  to  be  evidence  of  increased  vascularity  in  the  neighbourhood  of 
the  wound  track,  and  of  the  'multiplication  of  nuclei'  around  the  apparently  dilated 
vessels,  with  respect  to  which  nuclei  the  author  leaves  it  an  open  question  whether 
they  were  due  to  emigration  or  to  some  other  process,  contenting  himself  with 
observing  that  they  correspond  with  the  ordinary  appearances  met  with  in  cross 
sections  of  wounds  that  have  healed  per  primam. 

These  experiments  no  doubt  afford  striking  illustrations  of  the  value  of  the  anti- 
septic treatment  of  wounds,  and  particularly  of  the  fact  that  injuries  which  are 
capable  of  producing  the  most  serious  effects  when  the  injured  part  is  exposed  to 
contamination  from  outside,  are  relatively  harmless  in  the  absence  of  such  con- 
tamination. They  show  that  an  artificial  necrosis  of  a  deep-seated  tissue  may  be 
produced  either  by  heat  or  by  chemical  means  without  giving  rise  to  more  than 
transitory  pathological  changes,  provided  that  the  necrosed  part  is  surrounded  by 
uninjured  tissue.  The  question  is  whether  they  do  or  do  not  show  what  they  are 
intended  to  show — namely,  that  the  proximate  cause  of  every  inflammation  is  not 
injury,  but  the  intervention  of  certain  atmospheric  particles,  which  for  the  present 
purpose  we  will  call  '  germs.'  Hueter's  argument  is  this  ;  that  if  an  injury  of  maxi- 
mum severity  completely  fails  to  produce  inflammation  in  the  surrounding  parts 

1  Hallbauer,  '  Experimental-Studien  iiber  das  Verhalten  tiefer  Brandwunden  unter  den 
Cauteten  der  Asepsis.'    Zeitschrift  fiir  Clururtjie,  vol.  ix.  p.  3Sl* 
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when  germs  are  excluded,  we  may  infer  that  this  will,  a  fortiori,  be  the  case  as 
regards  all  other  injuries.  This,  I  think,  cannot  be  admitted.  One  reason  that  the 
wounds  produced  by  the  actual  cautery  healed  without  producing  any,  excepting  the 
most  trivial  and  evanescent,  inflammatory  results,  was  no  doubt  the  absence  of  con- 
tamination. But  surely  Professor  Hueter  would  not  be  prepared  to  assert  that  this  was 
the  only  reason  1  The  prompt  healing  of  the  wound  was  not  less  attributable  to  the 
way  in  which  it  was  produced — namely,  to  the  fact  that  the  annihilation  of  function  of 
the  tissue  within  reach  of  the  cautery  was  total  and  instantaneous,  and  that  the 
damage  done  did  not  extend  beyond  the  limits  of  this  total  destruction.  In  the  first 
part  of  this  essay  inflammation  has  been  defined  as  the  '  succession  of  changes  which 
occurs  in  a  tissue  when  it  is  injured,  provided  that  the  injury  is  not  of  such  a  degree 
as  at  once  to  destroy  its  structure  and  vitality,'  and  it  has  been  stated  that  the  rela- 
tion of  the  cause  to  the  effect — of  the  injury  to  the  inflammation — is,  under  normal 
conditions,  such  that  the  form  of  the  lesion  is  dependent  on  the  area  of  influence 
of  the  injury.  In  accordance  with  this  principle,  if  it  were  possible  to  inflict  an 
injury  of  such  a  kind  that  within  the  area  of  its  influence  the  loss  of  structure  and 
vitality  should  be  complete,  and  at  the  same  time  so  sharply  to  define  the  wound  th-it 
there  should  be  no  margin  of  injury  of  less  degree,  we  should  expect  in  such  a  case 
to  find  no  pathological  results,  the  tissues  within  the  area  having  been  rendered 
incapable  of  taking  part  in  any  process  whatever  and  those  outside  being  intact. 
There  is  probably  no  injury  of  which  this  could  be  said.  In  the  use  of  the  actual 
cautery  we  approach  the  more  closely  to  its  realisation,  the  higher  the  temperature 
used  and  the  more  transitory  the  application.  Of  all  soluble  caustics,  chloride  of 
zinc  is  the  least  irritating  because  its  destructive  effect  is  most  complete  and  at  the 
same  time  most  sharply  defined.  When  applied,  as  we  have  already  seen,  to  the 
cornea,  it  is  less  apt  to  produce  vascular  dilatation  than  any  other.  Accepting  this 
view,  the  condition  of  a  bit  of  tissue  which  has  been  destroyed  by  the  actual  cautery 
or  by  zinc  chloride,  comes  to  be  strictly  comparable  to  that  of  an  oigan  deprived  of 
blood,  either  by  a  non-infective  embolism,  or  by  artificial  occlusion  of  a  terminal 
artery — that  is,  of  an  artery  distributed  to  a  region  of  which  the  blood  supply  cannot 
be  supplemented  from  other  sources. 

Experiments  of  Professor  Chcmveau} — By  an  experiment  which  must  be  regarded 
as  fundamental  in  relation  to  the  present  question,  this  distinguished  pathologist  has 
shown  that  an  organ  of  which  the  '  vitality  is  destroyed  by  arresting  its  circulation 
in  a  healthy  animal,  in  such  a  manner  as  to  exclude  the  possibility  of  external  con- 
tamination,' dies,  and  becomes  ultimately  absorbed  without  giving  rise  to  inflam- 
mation in  the  surrounding  living  structures.  For  the  purpose  which  he  had  in  view 
it  was  necessary  to  select  an  organ  of  which  the  cessation  of  function  would  not  pre- 
judice the  health  of  the  animal  and  in  which  the  circulation  could  be  arrested  '  with- 
out inflicting  the  slightest  puncture  on  the  parts  covering  it,  or  interfering  with  the 
supply  of  blood  for  their  nutrition.'  There  could  be  no  doubt  what  organ  to  select, 
for,  '  from  time  immemorial,  an  operation,  which  consists  in  arresting  the  circulation 
in  the  testis  under  the  ideal  conditions  above  indicated,'  has  been  practised  on  young 
males  of  the  ovine  and  bovine  species  intended  for  the  butcher.  It  consists  in  sub- 
cutaneous torsion  of  the  spermatic  cord,  and  is  known  as  bistournage  ;  '  it  has  been 
practised  on  millions,  or  rather  milliards,  of  animals,  and  is  almost  absolutely  harmless. 
In  this  respect  it  is  preferable  to  all  cutting  operations  for  the  same  purpose.'  No 
instrument  is  used.  The  organ  is  first  freed  from  its  attachments  to  the  dartos, 
then  twisted  on  the  cord  so  that  its  lower  end  is  upmost,  and  finally  rotated  round 
the  cord  as  an  axis  four  or  five  times,  the  whole  manipulation  being  performed  with 
prodigious  rapidity.  If  the  animal  is  killed  afterwards  and  thearteries  are  injected, 
it  is  found  that  no  blood  enters  the  spermatic  artery  beyond  the  twisted  part  of  the 
cord.  Consequently,  while  the  surrounding  parts  receive  their  natural  supply  of 
blood  from  the  pudic  artery  and  preserve  their  vitality  intact,  the  testis  itself  is 
'  irretrievably  condemned  to  death.'    The  procedure  above  described  is  that  ordinarily 


1  Chauveau,  '  Necrobiose  et  Gangrene.'    Paris,  1873,  p.  64. 
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used  for  economic  purposes  in  the  south  of  France.  With  a  view  to  the  question  at 
issue,  M.  Chauveau  has  modified  it  by  carefully  continuing  the  torsion  until  the  cord 
is  actually  ruptured.  This  can  be  done  without  haemorrhage,  and  has  the  advantage 
that  it  results  in  severance  of  all  organic  connection  between  the  testis  and  the  rest 
of  the  body. 

In  relation  to  the  results  of  the  operation,  observations  were  made  of  such  a 
nature  as  to  compare  what  happens  when  the  animal  is  healthy  and  the  operation  is 
performed  exactly  as  above  described,  with  the  results  observed  when  the  circulating 
blood,  and  consequently  the  blood  imprisoned  in  the  organ,  contains  septic  organisms. 
In  the  first  case,  the  testis,  which,  by  the  method  used,  was  completely  separated 
from  the  dartos,  so  that  it  lay  loose  in  its  cavity,  becomes  subsequently  united  with 
that  structure  by  vascular  adhesions  between  it  and  the  fibrous  and  muscular 
coverings  of  the  organ,  as  well  as  between  the  layers  of  the  tunica  vaginalis.  The 
newly-formed  vessels  never  extend  beyond  the  serous  envelope  of  the  organ,  the 
whole  of  which  undergoes  fatty  change  and  gradually  diminishes  in  size  until  it 
almost  disappears.  In  the  second  case  the  local  effects  of  the  operation  are  very 
different.  The  method  employed  is  as  follows  : — The  end  in  view  being  to  ensure 
the  existence  in  the  blood  contained  in  the  testis  at  the  moment  of  occlusion,  of 
organisms  capable  of  determining  change  in  the  animal  tissues  and  liquids,  it  was 
judged  best  to  derive  them  from  a  soil  which  resembled  that  into  which  they  were  to 
be  transplanted.  It  was  further  necessary  that  the  liquid  introduced  into  the  circu- 
lation should  not  be  of  such  a  nature  as  to  produce  septicaemia,  and  that  it  should 
be  free  from  particles  of  such  size  as  to  act  as  emboli.  Pus  from  a  septic  abscess  was 
used,  which  had  been  diluted  with  four  times  as  much  water,  and  allowed  to  stand 
until  all  corpuscular  parts  had  subsided,  so  that  the  surface  layer  showed  under  the 
microscope  only  organisms  (mostly  chains  and  dumb-bells).  It  was  found  that  of 
the  upper  layer  of  liquid  considerable  doses  could  be  infused  into  a  vein  without 
danger  to  life.  In  one  of  the  experiments,  which  may  be  taken  as  representative  of 
the  rest,  a  first  dose  was  injected  three  hours  before,  and  a  second  ten  minutes  before 
both  testes  were  subjected  to  '  bistournage,'  followed  by  torsion  of  the  spermatic  cord 
on  the  light  side,  torsion  and  rupture  on  the  left.  Up  to  the  fourth  or  fifth  day 
there  was  very  little  sign  of  inflammatory  reaction.  On  the  fifth,  the  left  testis 
formed  a  hot  and  painful  pendulous  tumour ;  on  the  right,  a  similar  tumour  existed 
near  the  external  inguinal  ring.  The  pulse  was  110,  temperature  106°  Fahr.  Both 
tumours  became,  during  the  next  two  days,  more  and  more  painful,  and  around  one 
of  them  there  was  diffuse  infiltration.  After  this  the  general  condition  of  the  animal 
began  to  improve  and  the  appetite  returned,  though  the  temperature  kept  up.  It 
was  killed  on  the  fifteenth  day  when  it  was  found  that  on  the  right  side  the  testis 
was  attached  to  the  dartos  by  an  annular  adhesion,  being  in  other  parts  separated  by 
collections  of  creamy  pus  mixed  with  septic  germs,  which  was  offensive  and  charged 
with  organisms.  The  purulent  liquid  was  not  in  the  tunica  vaginalis,  but  outside 
of  the  fibro-muscular  tunic.  The  tissue  of  the  testis  itself  was  foetid  and  discoloured  ; 
it  showed  numerous  cavities  distended  with  foetid  gas.  On  the  right  side,  the  tunica 
vaginalis  contained  purulent  serum  also  charged  with  organisms,  but  there  was  no 
pus  outside  of  the  fibro-muscular  sheath.  In  other  cases,  death  occurred  a  few  days 
after  the  operation  from  septicaemia,  due  to  diffuse  septic  infiltration  of  the  sur- 
rounding parts. 

Other  experiments  of  a  similar  nature  were  made  for  the  purpose  of  ascertaining 
the  mode  and  conditions  of  action  of  organisms  in  determining  the  inflammatory  process. 
It  was  shown  that  when  septic  organisms  exist  in  the  circulating  blood,  the  presence 
of  the  devitalised  organ  excites  a  typical  inflammatory  process  in  the  surrounding  tissues 
which  would,  if  the  animal  survived  long  enough,  lead  to  its  extrusion ;  whereas  in 
their  absence  no  such  result  was  produced.  It  remained  to  determine  with  still 
greater  precision,  that  the  visible  organisms  were,  in  the  former  case,  directly 
concerned  in  the  pathological  process.  To  prove  that  the  action  is  due  to  the 
particles  and  not  to  the  liquid  in  which  they  were  suspended,  two  experiments  were 
made  simultaneously,  in  one  of  which  the  liquid  was  subjected,  before  injection,  to  a 
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process  of  filtration,  while  the  same  liquid,  in  the  unfiltered  state,  was  used  in  the 
other.  In  the  former  the  results  were  the  same  as  if  no  injection  had  taken  place. 
There  was  a  total  absence  of  local  or  general  reaction.  It  was  still  more  important 
to  prove  that  the  local  changes  were  due  to  the  actual  presence  of  bacteria  at  the 
seat  of  injury,  and  not  due  to  the  altered  state  of  the  circulating  blood  which  the 
injection  had  produced.  For  this  purpose  the  experiment  was  modified  by  operating 
before  the  injection,  so  that,  although  the  surrounding  ti&sues  were  as  completely 
exposed  to  the  influence  of  changes  in  the  circulating  blood  as  when  the  injection 
preceded  the  operation,  obviously  no  bacteria  could  enter  the  necrosed  organ.  In 
general  the  local  effects  did  not  differ  from  those  observed  when  no  injection  took 
place  ;  but  in  one  instance  the  tunica  vaginalis  contained  a  small  quantity  of  reddish 
serum,  and  the  fibro- muscular  sheath  was  adherent  to  the  more  or  less  thickened  and 
infiltrated  dartos.  In  both  experiments  the  inflammatory  changes  on  the  right  side 
resembled  those  previously  described.  Finally,  very  important  experiments  were 
made  to  determine  whether,  in  the  absence  of  blood  contamination  (whether  subse- 
quent or  antecedent  to  the  operation)  it  would  be  possible,  by  repeatedly  manipulating 
the  necrosed  organ  so  as  to  prevent  it  from  being  grafted  into  the  surrounding  tissues 
and  its  surface  from  becoming  vascularised,  inflammatory  changes  could  be  produced. 
The  results  thus  obtained  were  conclusive.  Torsion  and  rupture  were  performed  on 
one  side,  torsion  only  on  the  other.  In  the  former  case,  the  manipulations  were 
repeated  night  and  morning,  but  in  such  a  manner  that  the  skin  showed  no  abrasion 
or  change  of  any  kind.  Notwithstanding  this,  the  surrounding  tissues  became 
inflamed,  and  suppuration  followed.  When  the  animal  was  killed,  sixteen  days  after 
the  operation,  a  quantity  of  purulent  liquid  was  found  in  the  sac  of  the  dartos.  The 
tunica  vaginalis  was  nearly  normal. 

These  experimental  results  are  of  value  as  giving  definite  answers  to  several 
fundamental  questions.  It  is  proved  by  them,  first,  that  an  injury  which  is  by  itself 
insufficient  to  produce  any  pathological  effect  whatever,  occasions  intense  inflammation 
when  its  action  is  aided  by  the  presence  of  septic  organisms  in  the  blood ;  but,  on 
the  other  hand,  that  mechanical  injuries  of  sufficient  violence  or  intensity  are  capable 
of  producing  the  same  results  in  their  absence.  Another  fact  of  great  moment,  of 
which  abundant  evidence  has  been  subsequently  obtained  from  other  sources,  is 
exemplified — namely,  that  the  phlogogenic  action  of  septic  organisms  is  largely 
dependent  on  their  number. 

Experiments  of  Professor  Kocher.1 — Following  on  the  lines  of  Chauveau's  inves- 
tigations, Professor  Kocher  of  Bern  has  materially  strengthened  the  conclusions  to  be 
derived  from  them  by  experiments,  in  which  he  has  shown  that  when  septic  organ- 
isms are  introduced  by  intestinal  absorption,  they  exercise  a  similar  influence  in 
determining  inflammatory  results  after  injuries  which  are  themselves  incapable  of 
producing  them,  to  that  observed  when  they  are  injected  into  the  circulating  blood. 
The  structure  chosen  was  bone.  Kocher  having  found  that  in  the  normal  dog  it  is 
possible,  if  antiseptic  precautions  are  strictly  carried  out,  to  inject  caustic  potash  or 
ammonia,  cantharides  tincture,  or  croton  oil  into  the  medullary  cavity  of  a  long 
bone  (provided  that  the  perforation  of  the  cortex  is  properly  plugged  after  the  in- 
jection) without  producing  acute  suppuration,  or  indeed  any  effect  beyond  circum- 
scribed induration,  proceeded  to  ascertain  how  far  this  result  would  be  modified 
under  the  conditions  above  referred  to.  For  this  purpose,  after  allowing  the  animal 
to  remain  during  the  first  week  after  the  injection  of  ammonia  under  normal  con- 
ditions, he  fed  it  on  a  diet  to  which  putrid  liquid  (the  product  of  pancreatic  and 
septic  digestion)  formed  part.  This  diet  was  continued  for  seven  days.  By  the  fourth 
day  the  dog  had  lost  appetite,  and  the  granulating  wound  had  become  purulent.  On 
killing  the  animal  six  weeks  later,  the  medulla  was  found  to  be  infiltrated  with  pus 
from  the  upper  part  of  the  diaphysis  to  the  beginning  of  the  distal  epiphysis.  The 
conclusion  which  Kocher  draws  from  his  experiments  is  similar  to  or  identical 
with  the  dictum  of  Professor  Hueter — viz.  that  no  injury  alone  is  competent  to 
produce  inflammation  without  the  intervention  of  micrococci;  but  he  regards  it  as 

1  Kocher,  '  Die  acute  Osteomyelitis  rnit  Kucksickt  auf  ibre  Ursachen.'  LangenbecWs 
Archiv,  vol.  xxiii.  p.  437. 
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probable  that  in  many  acute  inflammations  of  bone  and  other  parts  remote  from 
the  surface,  the  contamination  of  the  blood  by  septic  organisms  introduced  by  the 
absorbents  from  the  food,  is  the  determining  cause. 

Dr.  Ogston's  observations.1 — In  this  country,  Dr.  Ogston  of  Aberdeen  has  advanced 
a  view  similar  to  those  I  have  referred  to.  Dr.  Ogston  has  found  that  '  micrococci  ' 
(dumb-bells  and  chains)  exist  in  the  pus  of  every  acute  abscess,  and  that  such  pus 
(as  has  been  long  known)  produces  in  the  rabbit,  when  injected  in  small  quantity 
under  the  skin,  localised  suppurations,  which,  however,  never  lead  to  septicaemia 
and  are  never  accompanied  by  secondary  inflammations  in  other  parts  of  the  body. 
In  this  respect  Dr.  Ogston  attaches  great  importance  to  the  observation  that  the 
organisms  present  were  not  bacteria  but  micrococci,  and  has  advanced  very  strong 
experimental  grounds  for  concluding  that  the  phlogogenic  power  possessed  by  the 
contents  of  acute  abscesses  reside  in  the  organisms,  i.e.  in  the  micrococci  they  contain. 

Summary. — The  experimental  facts  stated  in  the  preceding  pages  afford  evidence 
(1)  that  very  severe  injuries  may  be  inflicted  on  living  tissues  of  healthy  animals, 
such  as  actual  cautery,  destruction  by  zinc  chloride,  or  even  (in  the  case  of  bone) 
destruction  by  caustic  alkalies,  without  producing  any  pathological  effects  in  adjoin- 
ing parts  not  destroyed  by  the  direct  action  of  the  noxa,  provided  that  the  blood 
circulating  in  such  parts  is  not  contaminated ;  but  that  (2)  if  septic  products  in 
sufficient  quantity  are  present  in  the  blood,  injuries  of  much  less  intensity  may  lead 
to  inflammation. 

Origin  of  Phlogogenic  Organisms.  Discussion  of  Proposition  (3). — The  question 
that  remains  to  be  considered  with  reference  to  the  aetiology  of  traumatic  inflam- 
mation is  that  of  the  origin  of  the  organisms  which  have  been  shown  to  exercise  so 
remarkable  an  influence  in  developing  it.  Most  of  the  pathological  observers  to 
whom  reference  has  been  made,  recognise  the  circulation  as,  at  all  events,  one  of 
the  channels  by  which  pathogenic  organisms  are  conveyed  to  wounds.  The  question 
whether  their  existence  in  the  blood  under  normal  conditions  or  in  healthy  tissues 
can  be  proved  by  the  '  cultivation '  test  or  not,  is  one  which  must  at  present  be 
regarded  as  undecided.  Professor  Meissner  of  Gbttingen,2  in  a  long  and  elaborate 
series  of  experiments  (of  which  an  account  has  recently  been  given  by  Professor 
Bosenbach  of  the  same  University)  has  shown  that  it  is  possible  to  keep  the  blood 
and  viscera  of  healthy  animals  for  an  unlimited  time,  provided  that  proper  precau- 
tions are  used  to  preserve  them  from  contamination.  But,  notwithstanding  the  care 
with  which  these  experiments  have  been  made,  any  inferences  which  might  otherwise 
have  been  drawn  from  them  in  favour  of  the  sterility  of  normal  tissues  appears  to  me 
to  have  been  deprived  of  its  value  by  the  observations  still  more  recently  published 
by  Messrs.  Horsley  and  Mott,3  who  have  found  that  organs  which  have  been  kept 
sterile  at  ordinary  temperatures  for  months,  at  once  become  putrid  when  exposed  to 
the  temperature  of  the  body.  Whatever  be  the  ultimate  issue  of  the  controversy 
on  this  subject,  the  literature  of  which  is  already  very  extensive,  it  will  not  affect 
what  has  been  already  ascertained — namely,  that,  notwithstanding  that  the  blood  and 
living  tissues  of  animals  constitute  a  very  unfavourable  soil  for  the  growth  of  septic 
organisms  in  general,  there  are  organisms  of  this  kind  which  can  live  in  them  for 
a  time.  With  reference  to  the  first  proposition,  it  has  been  proved  by  numerous 
experiments  of  the  most  unequivocal  kind  that  the  ordinary  bacteria  which  develop 
of  themselves  in  so-called  cultivation  liquids  when  exposed  to  the  air,  can  be  intro- 
duced into  the  circulation  in  unlimited  quantities  without  producing  airy  physio- 
logical disturbance,  and  that,  under  these  circumstances,  the  organisms  themselves 
rapidly  disappear  in  the  blood.  The  meaning  of  this  fact  probably  is  that  such  bac- 
teria require  oxygen  and  are  not  able  to  derive  it  either  from  the  blood  or  from  the 
tissues.4  The  second  proposition  is  a  direct  inference  from  such  experiments  as  those 

1  Ogston,  '  Micro-organisms  in  Surgical  Diseases.'  Brit.  Med.  Journ.,  1880,  vol.  i. 
pp.  869,  453. 

2  Rosenbach,  '  Ueber  einige  fundamental  Fragen  in  der  Lehre  von  den  chirurgisehen 
Infectionskrankheiten.'    Deutsche  Zeitacrift  fur  Chtrurgie,  vol.  xiii.  p.  344. 

3  'On  the  Existence  of  Bacteria  or  their  Antecedents  in  Healthy  Tissues,'  Journal  of  Physio- 
logy, vol.  iii.  p.  188.  m  . 

*  The  facility  with  which  septic  organisms,  previously  grown  on  very  various  soils,  can 
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of  Chauveau  and  Kocher,  which  appear  to  afford  positive  evidence  of  the  survival  in 
healthy  blood  of  certain  septic  organisms  (or  possibly  of  such  organisms  in  certain 
states),  for  a  sufficient  time  to  exercise  a  pathological  influence  on  all  the  tissues. 

As  to  the  character  of  the  organisms  which  are  actually  found  in  inflammatory 
exudation  liquids,  there  is  a  pretty  close  agreement  among  those  who  have  studied 
them.  From  Billroth  they  have  received  the  name  which  surgical  pathologists  in 
Germany  most  commonly  use,  coccobacteria ;  Klebs  calls  them  microspora  ;  Hueter, 
monads;  while  in  England  the  name  most  commonly  used  is  that  originally  given  to 
them  by  Hallier,  micrococcus.  In  1872  I  called  them  spheroids,  chains  and  dumb- 
bells, words  which  express  their  form  sufficiently  to  separate  them  from  the  common 
rod- like  bacteria,  and  which  I  venture  to  think  preferable  on  the  ground  of  simplicity. 
All  are,  however,  fairly  agreed  as  to  their  conditions  of  life,  and  the  intimate  relation 
of  their  development  to  pathological  processes,  but  are  more  or  less  at  variance  as  to 
the  question  we  have  next  to  discuss — that  of  their  origin. 

Phlogogenic  micrococci. — According  to  the  atmospheric  germ  theory,  the  patho- 
genic or  phlogogenic  organisms  under  consideration,  either  exist  as  such  in  the 
atmosphere,  or  in  the  germ  state.  According  to  either  alternative,  it  is  to  be  under- 
stood that  wherever  and  whenever  they  appear  we  are  to  assume  that  they  have 
come  from  the  air.  The  theory  has  two  foundations — an  empirical  and  a  theoretical 
one.  The  latter  consists  in  the  supposed  analogy  of  a  wounded  surface  to  that  of  a 
'  cultivation  liquid,'  by  which  is  meant  an  aqueous  solution  of  certain  substances 
which  have  been  expressly  selected  on  the  ground,  first,  that  the  solution  is  prone  to 
septic  decomposition  ;  secondly,  that  it  admits  of  being  '  sterilised  '  (that  is,  freed  from 
germs)  by  heat,  without  undergoing  chemical  change,  and,  thirdly,  that  it  yields  the 
material  which  septic  oiganisms  require  for  their  growth.  It  is  the  characteristic  of 
such  a  liquid  that,  if  it  is  exposed  to  the  air,  it  will  inevitably  become  putrid,  and 
that  if  it  is  protected,  this  will  not  occur.  The  theoretical  basis  of  the  atmospheric 
germ  theory  is  the  hypothesis  that  as  much  can  be  said  of  a  wounded  surface. 

Here,  as  in  every  other  pathological  question,  the  ultimate  appeal  is  to  patho- 
logical observation  and  experiment.  The  only  way  in  which  we  can  estimate  the 
influence  of  the  atmosphere  on  a  wounded  surface,  is  by  the  comparison  of  what 
happens  when,  as  in  the  occlusive  treatment,  we  do  our  utmost  to  shut  out  such  influ- 
ence, with  what  happens  under  otherwise  similar  conditions,  with  the  exception  that  air 
is  admitted.  The  signal  success  of  a  particular  system  of  treatment  cannot  be  taken  as 
proof  of  the  pathological  doctrine  that  when  inflammatory  processes  are  set  up  in 
wounds  in  which  microccoci  take  an  active  part,  these  micrococci  necessarily  come  from 
the  air,  unless  it  can  also  be  shown  that  wounds  which  are  otherwise  favourably  cir- 
cumstanced, but  exposed  to  atmospheric  contamination,  show  the  pathological  effects 
which  are  attributed  to  the  access  of  '  germs  '  with  something  like  constancy.  So  far 
from  this  being  the  case,  it  is  well  known  that  in  the  so-called  open  treatment  of 
wounds,  exposed  cut  surfaces  usually  go  through  the  same  series  of  changes  in  their 
progress  towards  healing  by  granulation,  as  wounds  treated  occlusively — a  result  which 

he  made  to  vegetate  in  the  living  cornea  affords  strong  confirmation  of  this  surmise. 
When  a  liquid  in  which  micrococci  are  growing  is  inserted  into  the  tissue  of  the  cornea 
of  a  rabbit  by  puncture,  these  organisms  multiply  rapidly,  following  in  their  growth  the 
branching  channels  by  which  the  cell-cavities  communicate  with  each  other.  Eventually 
they  split  up  the  ground  substance  so  as  to  occupy  spaces  between  the  fibrils.  In  this  way 
the  growth  assumes  a  characteristic  stellate  form  and  appearance,  which  has  been  known  for 
years  as  the  '  Pilztigur.'  If  the  micrococci  have  been  previously  grown  in  an  innocuous 
fluid,  their  presence  is  unattended  by  any  inflammatory  reaction.  But  if  an  inflammatory 
exudation  liquid  containing  micrococci  is  used,  the  result  may  be  either  an  acute  keratitis 
accompanied  by  hypopyon,  which  after  a  short  course  recedes,  leaving  the  cornea  opaque  ;  or 
a  destructive  inflammatory  process  involving  the  whole  eyeball.  Consequently,  inoculation 
of  the  cornea  affords  a  very  valuable  means  of  testing  the  phlogogenic  activity  of  any 
exudation  liquid.  On  this  subject  see  Frisc'h,  '  Experimentelle  Studien  iiber  die  Verbreitung 
der  Faulnissorganismen  in  den  Geweben  und  die  durch  Impfung  der  Cornea  mit  pilzhaltigen 
Flussigkeiten  hervorgerufenen  Entziindungserscheinungen.'  Erlangen,  1874;  also  Leber, 
'  Ueber  Entziindung  der  Hornhaut  durch  septische  Infection,'  Centralblatt.  fur  Med.  Wiss., 
1873,  p.  1^9,  and  Stroineyer,  '  Neue  Untersuchungen  fiber  die  Iinpf  keratitis,'  Grafe"a  Archiv, 
vol.  xxii.  p.  101. 
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could  not  happen  if  the  susceptibility  of  these  surfaces  to  atmospheric  infection  were 
comparable  (excepting  by  way  of  contrast)  to  that  of  a  good  cultivating  liquid. 

It  is  further  to  be  noticed  that,  even  if  this  negative  evidence  against  the  phlogo- 
genic  activity  of  atmospheric  germs  had  not  been  forthcoming,  it  would  have  been 
almost  impossible  to  have  accepted  the  doctrine  in  face  of  what  is  known  as  to  the 
universal  contamination  of  the  surfaces  of  all  ordinary  objects  and  of  all  exposed 
aqueous  liquids,  and  of  the  absolute  impunity  with  which  such  surfaces  or  liquids  are 
brought  into  contact  with  injured  surfaces.  In  everyday  life,  innumerable  small 
incised  and  punctured  wounds  are  inflicted  on  the  bodies  of  men  and  animals  without 
giving  rise  to  any  pathological  result  whatever,  notwithstanding  that  the  instru- 
ments which  have  produced  them  would  in  every  case,  if  brought  into  contact  with 
a  cultivation  liquid,  determine  with  absolute  certainty  its  putrefaction.  Thousands 
of  times  daily,  contaminated  liquids  are  introduced  into  the  subcutaneous  tissue  in  the 
practice  of  hypodermic  injection.  More  than  this,  it  has  been  proved  by  numerous 
experiments,  that  liquids  which  not  only  contain  septic  organisms  in  posse,  but 
swarm  with  visible  and  living  bacteria,  can  be  introduced  into  the  cellular  tissue  of 
living  animals  and  into  the  cavity  of  the  peritonaeum,  without  producing  any  patho- 
logical effect  either  local  or  general.  It  has  even  been  found  that  when  bacterial 
liquids  are  injected  into  the  medullary  cavities  of  bones,  the  changes  which  result 
may  be  of  the  most  inconsiderable  character  both  as  regards  intensity  and  duration. 
With  these  facts  before  us,  it  is  surely  not  unreasonable  to  decline  to  admit  that  the 
question  of  the  origin  of  the  organisms  which  infest  wounds  in  a  state  of  progressive 
or  infective  inflammation,  is  definitively  settled.  The  great  fact,  before  unknown  or 
ignored,  that  wounds  contain  in  themselves  the  conditions  which  render  them  prone 
to  infection,  and  that,  when  infected,  the  most  simple  may  become  sources  of  danger, 
has  been  recognised  as  the  basis  of  treatment.  It  has  also  been  recognised  that 
infection  means  the  presence  of  micrococci ;  but  whence  they  come — whether,  being 
originally  the  harmless  offspring  of  air-borne  germs,  they  acquire  morbific  properties 
by  virtue  of  the  reciprocal  influence  of  organism  and  environment  on  each  other,  or 
from  what  other  source  they  spring,  is  a  point  which  is  still  open  to  discussion. 

Summary. — In  the  preceding  paragraphs  it  has  been  shown  that  septic  organisms, 
particularly  micrococci,  take  part  in  all  suppurations — that  is,  progressive  inflam- 
mations— but  that  the  process  of  inflammation,  with  all  of  its  characteristics,  may 
develop  itself  independently  of  their  presence  as  the  result  of  mechanical  violence.  It 
has  further  been  shown  that  injuries  which  are  in  themselves  inadequate  to  produce 
this  result  acquire  that  power  when  septic  organisms  are  present  in  the  circulation, 
so  that  in  these  instances,  although  these  minute  noxse  are  not  the  proximate  cause, 
their  co-operation  is  a  condition  sine  qua  non  of  inflammatory  action.  Just  as  in 
the  experiments  of  Chauveau,  the  contamination  of  the  blood  was  seen  to  be  essential 
to  the  development  of  inflammation  around  a  necrosed  part,  so  in  many  mechanical 
injuries  the  same  result  is  dependent  on  external  contamination.  Thus,  the  same 
fracture  which,  if  the  integument  is  uninjured,  leads  to  a  normal  inflammation  which 
is  destined  to  resolve  itself  into  a  process  of  repair,  results  in  diffuse  infiltration  and 
suppuration  in  the  neighbourhood,  and  still  more  disastrous  remote  effects,  if  air  gets 
access  to  the  injured  tissues.  That  this  is  so,  is  proved  by  every-day  experience  in 
surgical  practice,  and  if  it  were  necessary,  it  would  be  easy  to  prove  it  experi- 
mentally. On  living  tissues,  through  which  blood  freely  circulates,  the  '  atmospheric 
germs '  have  no  action.  The  danger  arises  at  the  moment  that  they  are  brought 
into  contact  with  the  liquid  product  which  has  leaked  out  of  spoiled  vessels.  What 
the  conditions  are  which  enable  the  air  to  act  as  if  it  were  charged  with  poison,  we 
shall  best  learn  by  comparing  the  cases  in  which  experiment  teaches  that  access  of 
air  is  innocuous,  with  those  in  which  it  is  known  to  be  baneful.  In  a  recent  ex- 
perimental investigation  by  Dr.  Wegner  1  on  the  aetiology  of  peritonitis  we  have 
some  of  the  data  we  require. 

Experiments  of  Dr.  Wegner. — Dr.  Wegner  began  his  experiments  by  testing 

1  Dr.  G.  Weguer,  '  Chiriugische  Beinerkungen  iiber  die  Peiituuealhiihle.'  Langenbeck's 
Archil),  p.  51. 
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the  influence  of  common  air  and  common  water,  and  other,  in  themselves,  innocuous 
liquids,  on  the  peritonaeum.  Having  ascertained  that  air  could  be  injected  in  any 
amount  and  to  any  extent  into  the  subcutaneous  tissue  of  the  rabbit,  so  as  to  produce 
persistent  emphysema,  without  any  effect  except  the  mechanical  result  of  the  dis- 
tension (p.  93),  he  applied  the  same  test  to  the  peritonaeum  by  filling  its  cavity  with 
air  and  keeping  it  in  an  expanded  state  for  several  days.  No  peritonitis  ensued,' 
and  the  result  was  equally  negative  when,  instead  of  leaving  the  same  quantity  of 
air  in  the  cavity  until  it  is  absorbed,  a  stream  of  air  is  passed  through  it  for  many 
hours.  Next,  Dr.  Wegner  injected  into  the  peritonaeum  common  water,  water 
charged  with  innumerable  septic  bacteria,  0  75  per  cent,  solution  of  salt,  artificial 
serum,  &c,  in  quantities  not  exceeding  a  couple  of  ounces.  These  injections  pro- 
duced no  effect  of  any  kind.  When  the  animal  was  killed  the  day  after,  the  whole 
was  absorbed,  leaving  the  membrane  perfectly  normal.  In  other  animals,  by  means 
of  drainage  tubes,  the  peritonaeum  was  irrigated  with  water  or  salt  solution  kept  at 
the  temperature  of  the  body.  No  general  or  local  disturbance  occurred,  and  no 
pathological  change  was  observed  in  the  membrane,  even  when  the  irrigation  had 
been  kept  up  for  many  hours  (p.  68).  It  was  thus  clearly  shown  that  none  of  the 
liquids  used,  whether  water,  salt  solution,  or  serum,  though  they  were  all  '  con- 
taminated,' so  that  a  drop  of  any  of  them,  added  to  a  properly  prepar  ed  test  liquid 
at  the  proper  temperature,  would  have  infallibly  determined  putrefaction,  had  any 
effect  when  introduced  into  the  peritonaeum,  provided  that  the  quantity  used,  if  left 
in  the  peritonaeum,  was  not  too  large  to  bo  speedily  absorbed ;  or,  if  a  large  quantity 
was  used,  as  in  the  irrigation  experiment,  that  it  was  constantly  changed.  When 
these  precautions  were  neglected — that  is,  when  the  quantity  of  water  was  increased 
from  one  or  two  ounces  to  four  or  five — the  result  was  entirely  different.  Thus,  for 
example,  when  150  cc.  (about  five  ounces)  of  distilled  water  were  injected  into  the 
peritonaeum  of  a  rabbit,  death  occurred  from  peritonitis  in  twenty  hours,  just  as  if 
some  septic  liquid  had  been  used.  Why  1  Because  if  water  is  introduced  into  a 
serous  cavity  in  such  quantity  that  a  considerable  proportion  of  it  remains  mi- 
absorbed  for  several  hours,  the  liquid  becomes,  by  diffusion,  charged  with  the  soluble 
constituents  of  the  blood  so  as  to  resemble  diluted  serum— a  liquid  much  more 
suited  for  the  rapid  development  of  septic  organisms  than  serum  itself.  The  water 
being  contaminated,  and  the  temperature  that  of  the  animal's  body,  all  the  conditions 
exist  for  rapid  sepsis.  The  process  of  absorption  goes  on,  and  the  animal  dies 
quickly  of  septicaemia.  In  the  meantime,  the  process  of  inflammation  is  set  up  in 
the  peritonaeum,  the  surface  of  which  is  found  after  death  to  be  more  or  less  coated 
with  false  membrane,  while  its  cavity  contains  a  liquid  which  is  charged  with 
leucocytes  and  teems  with  septic  organisms.  The  latter  also  plug  the  lymphatics  of 
the  diaphragm,  and  are  found  in  numbers  in  the  circulating  blood.  Precisely 
similar  results  are  observed  when  any  putrescible  liquid  is  used,  such,  for  example, 
as  milk  or  infusion  of  flesh,  provided  that  it  is  injected  in  sufficient  quantity 
and  that  some  of  it  remains  for  several  hours  in  the  peritonaeum ;  and  it  was 
found  that  the  results  were  promoted  by  the  introduction  of  a  small  quantity  of 
air.  The  inference  to  be  drawn  from  these  experiments  is  so  obvious  as  scarcely  to 
need  stating.  Air  is  harmless,  water  is  harmless,  septic  organisms,  though  in  full 
activity,  are  harmless,  provided  that  they  remain  only  a  short  time  (for  an  hour  or 
two)  in  the  peritonaeal  cavity.  The  one  thing  fraught  with  danger  is,  that  the  septic 
process  itself  should  go  on  in  contact  with  living  tissue.  For  this,  the  essential 
condition  is  that  a  certain  quantity  of  putrescible  liquid,  such  as  diluted  serum  or 
exudation  liquid,  should  remain  in  a  cavity  outside  of  the  organism,  in  the  sense  of 
being  beyond  the  reach  of  living  blood  and  tissue,  inside  as  regards  temperature, 
and  that  that  liquid  should  be  contaminated.    What  is  so  obvious  as  regards  the 

1  In  a  rabbit  in  which  this  artificial  tympanitis  had  been  long  maintained,  certain  very 
slight  thickenings  of  the  serous  membrane  presented  themselves  here  and  there.  That  these 
were  not  due  to  '  germs  '  was  proved  by  the  observation,  that  when  the  air  used  was  pre- 
viously filtered  by  passing  through  cotton-wool,  the  results  were  the  same.  Tht  se  were,  no 
doubt,  due  to  the  distension. 
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peritonaeum  is  equally  true  as  regards  all  the  other  cases  in  which  atmospheric  or 
surface  contamination  is  seen  to  play  a  part  in  determining  the  course  or  develop- 
ment of  an  inflammatory  process.  In  order  that  '  germs'  may  have  the  opportunity 
of  doing  their  fatal  work,  there  must  be  exudation  or  dead  tissue.  With  this  limita- 
tion, we  may  admit  that  germs  are  morbific ;  but  the  hypothesis  that  the  atmosphere 
is  charged  with  phlogogenic  particles  must  be  unhesitatingly  rejected. 

§  2.  Dissemination  op  Phlogogenic  Particles. 

By  the  term  '  secondary  inflammation  '  is  designated  any  inflammation  which 
originates,  not  as  the  result  of  injury  of  the  parts  in  which  it  is  localised,  but  in  con- 
sequence of  a  pre  existing  inflammation  elsewhere.  In  this  case,  the  inflammation 
which  precedes  and  is  regarded  as  the  cause  of  the  other  is  called  primary.  If  we 
define  as  a  normal  inflammation  one  of  which  the  extent  is  limited  to  the  area  of 
direct  action  of  the  noxa  which  causes  it,  we  may  say  that  no  normal  inflammation 
is  ineffective  ;  or,  in  other  words,  that  a  primary  inflammation  determines  the  origin 
of  a  secondary  one  only  when  the  former  is  progressive — that  is,  when  it  has  the 
property  of  spreading.  Hence,  inasmuch  as  from  what  has  preceded,  we  have  reason 
to  believe  that  all  spreading  inflammatory  action  is  attended  by  the  presence  of 
micrococci,  we  may  further  say  that  these  organisms  are  accessory  to  all  infective 
inflammation.  There  are  two  channels  by  which  infective  material  may  find  its 
way  from  a  primary  focus  of  inflammation  into  the  circulation,  viz.  by  the  veins 
and  by  the  lymphatics.  It  is  not  necessary  to  give  a  description  here  of  the  process 
by  which  fibrinous  emboli,  detached  from  clots  in  the  veins  leading  from  inflamed 
parts,  enter  the  circulation,  plug  the  branches  of  the  pulmonary  artery,  and  give  rise 
to  infective  foci  in  the  lungs,  and  finally  find  their  way  by  the  systemic  circulation 
to  other  organs.  It  is  more  important  to  state  what  is  known  as  to  the  spread  of 
infection  by  the  lymphatics. 

We  have  already  seen  that  when  diffuse  inflammation  is  induced  artificially  in  a 
limb,  the  exuded  liquid  distends  the  lymphatics  and  flows  from  them  in  abundance 
if  they  are  opened.  In  this  way  emigrated  leucocytes  return  to  the  circulating  blood 
in  infinite  numbers.  In  normal  inflammation  this  only  occurs  for  a  short  time,  for 
eventually  the  lymph  channels  become  choked  by  fibrin  and  corpuscles  )  but  in  all 
progressive  inflammations  it  is  otherwise,  for  as  the  infiltration  spreads,  each  newly 
infected  tissue  is  for  a  time  in  free  communication  with  the  absorbents,  so  that  not 
only  leucocytes,  but  the  organisms  which  they  contain,  as  well  as  those  which  are 
suspended  in  the  liquid,  are  carried'  directly  into  the  circulation.  What  hnppens  to 
them  there  we  learn  by  studying  the  process  in  induced  inflammations  of  the  serous 
membranes,  particularly  of  the  peritonaeum,  the  advantage  which  these  possess  being 
that  here  the  mechanism  of  lymphatic  absorption  can  be  very  advantageously 
observed. 

As  was  first  discovered  by  v.  Recklinghausen  twenty  years  ago,  the  injection 
into  the  peritonaeal  cavity  of  any  liquid  in  which  fine  particles  are  suspended  (such  as 
milk)  in  sufficient  quantity,  is  followed  in  a  very  short  time  by  the  universal  dissem- 
ination of  these  particles  by  the  circulating  blood.  Thus,  if  an  ounce  of  water 
charged  with  common  septic  bacteria  is  injected  into  the  peritonaeum  of  a  rabbit,  and 
the  animal  is  killed  three  or  four  hours  afterwards,  the  lymphatics  of  the  diaphragm, 
which  form  the  principal  channels  of  communication  between  the  peritonaeum  and 
the  venous  system,  are  found  to  be  choked  with  the  organisms ;  and  if  the  blood  con- 
tained in  the  right  side  of  the  heart  is  examined,  it  may  be  found  to  contain  more 
bacteria  than  coloured  corpuscles.  If  the  animal  is  killed  at  a  much  later  period,  say 
a  fortnight  after  the  injection,  characteristic  yellowish  opaque  deposits  are  found  here 
and  there  in  the  various  organs ;  these  are  minute  collections  of  organisms  which  have 
been  conveyed  to  the  localities  in  which  they  are  found,  by  the  blood  stream.  Acute 
peritonitis  is  very  easily  produced,  as  we  have  seen,  both  in  carnivora  and  rodents. 
When  it  exists,  the  peritonaeal  cavity  contains  a  liquid  which  resembles  that  employed 
in  the  experiment  above  referred  to,  with  this  exception,  that  the  bacteria,  instead  of 
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having  been  grown  under  conditions  of  soil  which  rendered  them  innocuous,  have 
been  nourished  in  a  septic  exudation  fluid.  The  process  of  absorption  by  the  lym- 
phatics, and  of  dissemination  by  the  circulation,  is  the  same,  but,  as  might  be  antici- 
pated, the  result  is  different.  In  the  one  case,  as  in  the  other,  innumerable  organ- 
isms find  their  way  into  the  circulation,  at  first  in  enormous  numbers,  afterwards 
much  more  slowly ;  for  after  a  time  the  absorbent  channels  become  obstructed.  If 
the  animal  lives  long  enough — that  is,  does  not  succumb  to  the  effects  of  the  mixture 
with  the  blood  of  so  large  a  quantity  of  septic  exudation — the  suspended  particles, 
chiefly  clumps  of  bacteria,  becoming  deposited  here  and  there,  give  rise  to  foci  of 
suppuration,  the  starting  points  of  infective  abscesses.1 

§  3.  Cryptogenetic  Inflammations. 

To  the  questions  which  have  hitherto  presented  themselves  l'elating  to  the 
aetiology  of  inflammation  we  have  found  that  decisive  answers  could  be  obtained,  if 
at  all,  by  the  experimental  method.  We  have  now  come  to  a  problem  which  is 
clinical  in  its  origin,  and  must  be  answered  clinically,  for  it  lies  beyond  the  reach  of 
experiment.  There  occur  cases  both  in  medical  and  surgical  practice,  in  which  local 
inflammations  come  into  existence,  as  it  were,  of  their  own  accord,  and  under  condi- 
tions which  exclude  the  operation  of  either  of  the  two  causes  of  inflammation  which 
we  have  hitherto  recognised.  They  can  neither  be  explained  as  results  of  any  local 
injury,  nor  can  they  be  attributed  to  infective  organisms  introduced  from  outside. 
The  most  important  of  these  cases  may  be  comprised  under  one  of  two  heads,  viz.  (1) 
acute  osteomyelitis  or  periostitis,  and  (2)  ulcerative  endocarditis.  In  the  discussion  of 
the  question  of  origin,  these  two  groups  of  cases  may  be  taken  as  representative  of 
the  whole  class  of  cryptogenetic  inflammations. 

Primary  infective  ostitis. — Primary  infective  inflammation  of  bone  may  originate 
either  in  the  medulla  or  periosteum.  The  subject  is  very  frequently  a  young 
person  under  twenty,  who  has  previously  had  good  health.  It  is  found  that 
after  a  shivering,  he  has  begun  to  complain  of  pain  referable  to  some  part  of  the 
skeleton,  or  to  a  joint,  and  thereafter  he  has  become  ill.  When  first  observed,  per- 
haps a  day  or  two  later,  his  temperature  is  high  (104°  to  106°),  his  pulse  frequent, 
he  has  been  delirious  during  the  night,  and  his  intelligence  is  oppressed.  Other 
localisations  have  occurred,  perhaps  in  the  opposite  limb  to  the  one  first  affected,  or 
elsewhere.  His  respirations  are  frequent,  and  signs  exist  of  partial  consolidation 
(lobular  pneumonia)  of  one  or  both  lungs,  or  there  may  be  pleurisy  or  pericarditis. 
His  skin  is  hot  and  dry,  and  livid  spots,  or  hemorrhagic  points,  show  themselves  on 
the  chest  and  belly.  Often  the  limbs  are  stiff,  and  passive  motion  occasions  cries  of 
pain.    Finally  the  lungs  become  cedematous  and  death  follows. 

The  symptoms  I  have  endeavoured  to  sketch  are  those  of  rapidly  fatal  septicaemia, 
which,  in  this  instance,  is  associated  with  secondary  inflammations  in  internal 
organs.    What  is  found  after  death  may  be  stated  under  the  following  heads. 

The  periosteum  of  some  long  bone,  say  of  the  lower  third  of  the  femur,  is 
separated  from  the  bone  to  a  considerable  extent  by  pus,  which  usually  contains 
blood  and  frequently  medullary  fat.  The  periosteum  itself,  and  the  tissue  immedi- 
ately surrounding  it,  are  infiltrated  with  pus  which  may  or  may  not  extend  into  the 
inter-muscular  spaces.  Veins  leading  from  the  diseased  part  are  found  to  contain 
purulent  material,  and  further  up,  adherent  thrombi.  The  secondary  periostitic 
localisations  are  counterparts  of  the  first,  distinguished  only  by  their  less  extent  and 
progress.  Usually,  separate  collections  of  pus  exist  in  the  neighbouring  muscles,  or 
between  them.  The  medullary  tissue  of  the  affected  bones  may  or  may  not  have 
undergone  suppuration.  As  instances  of  secondary  inflammations  of  internal  organs 
may  be  mentioned  : — purulent,  or  partly  purulent,  partly  fibrinous,  pericarditis  and 
pleuritis  ;  patches  of  red  or  grey  consolidation  with  softened  centres  in  the  lungs  ; 

1  For  a  description  of  the  characters  of  these  abscesses,  which  in  rodents  are  the  inevi- 
table results  of  every  acute  peritonitis  which  does  not  kill  by  septicaemia,  I  refer  to  my 
paper  '  On  the  Infective  Product  of  Acute  Inflammation,'  published  in  1873, 
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larger  wedge-shaped  infarcts ;  or  in  other  cases  numerous  minute  abscesses,  each  sur- 
rounded by  a  hemorrhagic  border ;  ecchymotic  spots  on  both  surfaces  of  the  heart,  or 
minute  abscesses  in  its  muscular  substance  ;  miliary  abscesses,  each  surrounded  by  a 
zone  of  hemorrhagic  injection,  in  the  cortex  and  medullary  part  of  the  kidneys,  &c. 
In  all  of  these  cases  which  have  been  as  yet  sufficiently  investigated,  it  has  been 
found  that  the  development  of  micrococci  in  the  exudation  liquids  is  associated  with 
the  morbid  process  throughout.  These  bodies,  either  as  single  spheroids  or  chains, 
are  to  be  found  in  the  purulent  liquids  with  which  periosteum,  cellular  tissue,  or 
muscle  is  infiltrated,  and  appear  to  play  a  still  more  important  part  in  the  secondary 
lesions.  The  mechanism  by  which  these  lesions  originate  has  already  been  explained  in 
the  preceding  section.  Either  by  means  of  the  lymphatics,  where  there  is  progressive 
infiltration  of  cellular  tissue,  or  by  the  veins,  where  purulent  collections  already 
exist,  pus  corpuscles  charged  with  micrococci  or  collections  of  these  organisms  asso- 
ciated in  colonies,  or  held  together  by  fibrin,  find  their  way  into  the  circulation.  The 
larger  give  rise  to  infarcts  such  as  are  met  with  in  the  lungs ;  the  smaller  ones,  par- 
ticularly the  collections  of  micrococci,  lodge  in  the  capillary  blood-vessels  and  produce 
minute  disseminated  abscesses.  The  proof  that  they  do  so,  is  obtained  by  microscopical 
examination  of  those  organs  in  which  the  infective  abscesses  in  question  are  most 
frequently  found,  particularly  the  liver  and  kidneys.  In  certain  cases  of  septic- 
emia, consequent  on  diffuse  phlegmonous  inflammation,  death  occurs  before  the 
capillary  emboli  have  had  time  to  do  their  work,  and  here  it  is  found  that  little  plugs 
of  micrococci  exist  in  the  Malpighian  tufts,  in  the  capillary  blood-vessels  of  the  cones, 
and  in  the  intralobular  network  of  the  liver,  which  have  not  as  yet  produced  any 
distinguishable  change  in  the  tissue  surrounding  them.  Later,  these  masses,  at  all 
events  in  the  medullary  part  of  the  kidney,  find  their  way  out  of  the  occluded  blood- 
vessels and  are  seen  either  in  the  tubes  or  in  minute  purulent  cavities.  It  may, 
therefore,  be  considered  as  well  established  that  minute  disseminated  abscesses  usually 
originate  from  aggregations  of  micrococci,  but  it  must  not  be  supposed  that  any  sharp 
line  of  distinction  can  be  drawn  between  these  and  the  lesions  of  the  same  kind 
which  spring  either  from  fibrinous  emboli,  or  from  aggregations  of  medullary  fat, 
which,  according  to  the  researches  of  Eberth  and  other  pathologists,  also  serve  as 
carriers  of  infection. 

With  regard  to  the  etiology  of  primary  ostitis  we  find  that  after  excluding 
all  cases  in  which  any  suspicion  could  be  suggested  of  the  access  of  '  atmospheric 
germs  '  by  breaches  of  the  external  surface,  we  have  on  record  a  large  number  to 
account  for  which  we  must  look  in  some  other  direction.  Various  antecedent  con- 
ditions appear  to  be  of  more  or  less  influence,  but  no  single  circumstance  can  be 
pointed  to  as  operative  even  in  a  majority  of  the  cases.  Thus,  in  one  set  of  cases 
exposure  to  cold  and  wet  has  appeared  to  be  of  great  importance,  while  mechanical 
violence  of  some  kind,  not  attended  with  any  wound,  has  appeared  to  have  to  do 
with  another  set ;  but  neither  could  be  referred  to  as  accounting  for  the  mischief. 
Are  we  then  to  fall  back  on  micrococci  1 

We  have  already  concluded  that  in  general  their  existence  is  a  condition  sine  qua 
non  of  infective  inflammation  ;  and  as  regards  the  particular  case  of  infective  perios- 
titis, the  resvdts  of  observation  fully  justify  the  statement,  for  in  every  instance  in 
which  they  have  been  properly  looked  for  they  have  been  found  as  accompaniments 
of  the  process  from  the  beginning  to  the  end.  Pathologically,  this  fact  is  un- 
doubtedly of  great  interest  and  moment.  But  etiologically  we  are  brought  hereby 
only  one  step  nearer  the  solution  of  the  question  at  issue  than  we  were  before. 
Granted  for  a  moment,  that  the  micrococci  are  the  cause  of  the  primary  inflammatory 
and  destructive  action,  what  is  the  origin  of  the  micrococci  themselves  ?  The  best 
answer  we  can  give  is  one  which  suggests  new  questions.  The  suggestion  that 
micrococci  originate  de  novo  being  wholly  contrary  to  experience,  the  only  possible 
alternative  is  that  they  or  their  germs  are  always  or  usually  present  in  the  organism  ; 
that  in  normal  tissues  they  find  no  subsistence  and  disappear,  but  that  spoilt  tissue 
not  only  affords  them  harbour-  and  lodgment,  but  the  opportunity  of  exercising  their 
special  function  or  endowment,  viz.  the  exciting  of  septic  changes.    In  accepting  this 
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view,  which  appears  the  only  one  which  is  open  to  us,  we  assume  the  efficacy 
of  micrococci  as  co-efficients  in  the  primary  process,  but  leave  aside  the  main  jetio- 
logical  question — the  question  why,  in  a  particular  case,  the  periosteum  or  medulla 
of  a  particular  bone  is  in  such  a  condition  as  to  harbour  micrococci.  And  that  ques- 
tion is  just  as  undetermined  as  if  micrococci  had  never  existed. 

Ulcerative  Endocarditis. — I  have  referred  to  ulcerative  endocarditis  because  it 
brings  us  one  step  nearer  to  the  origin  of  infective  inflammation.  The  term  is  a 
nosological  one,  but,  in  reality,  rather  represents  a  mode  of  termination  than  a 
disease  itself.  It  affords  us  an  example  of  disseminated  secondary  inflammation  in 
which  we  can  trace  the  seeds  which  have  germinated  with  destructive  effects  in  the 
organs  of  the  body  as  distinctly  to  their  source,  viz.  the  initial  virus,  as  if  we  had 
ourselves  put  them  there.  A  patient,  who  usually  has  a  previous  history  of  valvular 
disease,  dies  rapidly,  with  symptoms  of  pyaemia  or  mixed  septicaemia  and  pyaemia. 
In  most  cases  of  this  nature,  it  is  found  after  death  that  the  mitral  valve  is  thickened, 
or  otherwise  deformed  or  altered,  in  consequence  of  previous  disease  which  may  or 
may  not  be  of  rheumatic  origin.  The  acute  lesion  consists  of  (1)  deposits  of  fibrin 
on  the  surface,  and  (2)  disintegration  (or  ulceration),  of  the  thickened  parts,  the 
deposit  of  which  is  sometimes  soft  and  friable,  sometimes  membranous,  and  adheres 
firmly  to  the  opposed  surface  or  border  of  both  cusps,  so  that  it  cannot  be  detached 
without  bringing  away  some  of  the  tissue  of  the  valve  with  it.  On  microscopic 
examination  it  is  found  to  consist  of  small  cells  in  a  stratum  of  granular  material, 
among  which  there  are  aggregations  of  microoocci.  The  substance  of  the  valve  at 
the  surface  of  adhesion  or  (if  there  is  no  deposit)  near,  or  underneath  the  disinte- 
grated or  ulcerated  surfaces  is  infiltrated  with  similar  masses,  which,  according  to 
Heiberg.1  may  penetrate  deeply  into  the  tissue  of  the  valve,  occupying  the  lymphatic 
interfascicular  spaces  between  bundles  of  connective  tissue.  Of  the  secondary 
lesions  the  most  noteworthy  characteristics  are  (1),  their  absence  in  the  lungs,  but 
universal  distribution  in  other  organs,  e.g.  the  muscular  substance  of  the  heart,  the 
liver,  spleen,  kidneys,  brain  and  its  membranes,  &c. ;  (2)  their  small  size,  and  (3)  the 
frequency  with  which  they  are  bordered  by  zones  of  haBniorrhagic  injection  ;  so  that 
a  point  of  grey  opacity  surrounded  by  a  petechia,  might  be  said  to  be  a  typical  indi- 
cation of  the  presence  of  a  minute  mass  of  infective  micrococci,  lodged  in  an  arterial 
capillary.  The  lesions  found  in  the  heart,  liver  and  kidneys,  may  be  taken  as  repre- 
sentative of  those  in  other  organs.  In  the  heart,  lesions  of  two  kinds  are  to  be 
looked  for — namely,  yellowish  or  grey  spots,  which  are  found  to  be  due  to  aggrega- 
tions of  micrococci,  sometimes  distinctly  intravascular,  but  often  free,  and  surrounded 
by  apparently  unaltered  tissue,  or  by  muscular  fibres  in  a  state  of  degeneration,  but 
not  by  inflammation;  and,  secondly,  miliary  abscesses,  the  micrococcal  origin  of 
which  is  rather  matter  of  conjecture  than  of  anatomical  proof.  In  the  liver,  in  like 
manner,  it  is  common  in  this  as  in  other  cases  of  septic  infection,  to  find  that  in 
addition  to,  or  independently  of,  the  occurrence  of  miliary  abscesses,  there  is  plug- 
ging of  the  intra-alveolar  network  of  capillaries  without  material  alteration  of  the 
surrounding  tissue.  In  the  kidney,  where  miliary  abscegses  are  more  easily  recog- 
nised, they  occur,  as  in  other  cases  of  pysemic  infection,  both  in  the  cortex  and 
medullary  portions.  In  these,  according  to  Weigert,  a  little  aggregation  of  micro- 
cocci can  always  be  found.  That  the  organisms  have  been  brought  by  the  circula- 
tion, and  have  not  found  their  way  (as  we  know  to  be  the  case  in  pyelonephritis)  by 
means  of  the  tubes  to  the  spots  where  they  are  localised,  is  proved  first  by  their  mode 
of  distribution,  and  secondly  by  the  fact,  also  first  demonstrated  by  "Weigert,  that  in 
association  with  miliary  abscess  occurring  in  consequence  of  endocarditis,  arterioles 
plugged  with  micrococci  can  always  be  found.  Here,  as  in  other  cases,  it  is  seen 
that  the  presence  of  micrococci,  although  it  does  not  lead  to  inflammation,  is  always 
associated  with  disintegration  (probably  necrosis)  of  the  part  immediately  surrounding 
the  embolus. 

In  availing  ourselves  of  whatever  aid  may  be  derived  from  what  is  known  about 
1  Heiberg,  Die  puerperalen  u.  pyamisohen  Process?,  Leipzig,  1873,  p.  35. 
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ulcerative  endocarditis  in  our  endeavour  to  understand  the  part  played  by  micrococci 
as  causes  of  inflammation,  the  question  which  first  presents  itself  is  obviously  that 
of  the  origin  of  a  process  of  decay  in  the  thickened  valve,  or  in  the  fibrinous  deposit 
which  is  the  beginning  of  mischief.  In  many  of  the  recorded  cases  the  answer  is  plain. 
The  micrococci  have  been  introduced  into  the  circulation  from  an  inflamed  bone,  a 
wound,  or  as  a  result  of  the  puerperal  process.  But,  excluding  these  cases,  there  are 
others  in  which,  without  warning,  persons  affected  with  chronic  valvular  disease  have 
suddenly  become  septicaemic.  The  explanation  we  offer  of  this  fact  is  that  the 
organisms  or  their  germs  may  at  any  time  be  present  in  the  circulation,  but  that  it  is 
only  in  spoilt  parts  that  the  opportunity  is  given  them  of  acquiring  their  power  of 
ill  doing.  What  we  know  about  them  pathologically  may  be  thus  summed  up. 
That  they  are  undoubtedly  associated  inseparably  with  the  propagation  of  distinctive 
inflammation  by  dissemination  ;  that,  whether  they  borrow  their  virulence  from 
the  medium  in  which  they  live,  or  acquire  it  by  a  process  of  gradual  adaptation  (that 
is,  by  virtue  of  reciprocal  reaction  of  organism  and  environment  on  each  other),  it  is 
not  to  their  inherited  properties,  but  to  the  circumstances  under  which  they  have 
vegetated,  that  they  owe  their  unquestionable  pathological  importance. 

J.  Burdon  Sanderson. 
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THE  object  of  the  following  essay  is  to  lay  down  general  rules  for  the  guidance  of 
the  surgeon  in  the  treatment  of  suppuration. 
Speculative  views  as  to  the  origin  of  pus  might  well  be  here  omitted,  were  it  not 
that  in  this,  more  perhaps  than  in  any  other  subject,  they  have  exercised  an  in- 
fluence, not  always  beneficial,  on  rules  of  treatment  and  methods  of  practice. 

Pus  is  generally  a  white,  creamy-looking  fluid  with  a  specific  gravity  rather  less 
than  that  of  the  blood.  It  is  not  always  of  the  same  consistence  or  composition.  It 
may  be  thin,  though  of  yellowish  colour,  when  it  is  called  purulent  or  puriform 
fluid.  Pus  stained  with  blood  is  sanious  ;  when  thin  and  acrid  it  is  ichorous.  It 
may  contain  cheesy-looking  flakes,  when  it  is  called  curdy.  Pus  formed  in  connection 
with  diseased  bone  may  contain,  according  to  the  late  Mr.  Bransby  Cooper,  1\  per 
per  cent,  of  granular  phosphate  of  lime.  Dr.  Gibb  has  related  a  case  in  which  a 
purulent  discharge  of  blue  colour,  from  the  presence  of  cyanuret  of  iron,  proceeded 
from  the  diseased  breast  of  a  female,  set.  23,  a  native  of  Canada.1  The  dressings 
were  stained  of  a  blue  colour.  '  The  colour,'  observes  Dr.  Gibb,  '  was  of  a  light 
bluish  green.  Caustic  potash  removed  the  colour,  which  it  will  also  do  with 
Prussian  blue.  The  colour  was  not  restored  by  dilute  muriatic  acid,  which  would 
restore  that  of  Prussian  blue.  Except  when  in  small  quantity,  muriatic  acid  re- 
moved the  blue  colour,  but  without  producing  a  pink  solution.  Immersion  of  a 
piece  of  the  stained  linen  in  dilute  nitric  acid  removed  the  colour.'  The  pus  was  at 
times  foetid.  The  discoloration  lasted  rather  less  than  a  month,  disappeared, 
returned  in  about  three  weeks,  and  finally  ceased  before  the  patient's  discharge  from 
the  hospital.  Dr.  Gibb  has  collected  the  particulars  of  ten  cases,  all  presenting 
similar  phenomena  :  two  in  the  Gaz.  Medicate,  1831  and  1834  ;  M.  Olioli's  case  in 
Turin  (amputation) ;  a  case  in  M.  Maisonneuve's  wards  (breast) ;  three  cases  in  the 
practice  of  Sir  Benjamin  Brodie ;  one  case  [Dublin  Journal  of  Medical  Science)  by 
Dr.  Croker  ;  one  case  by  Mr.  Butcher  [Lancet,  and  Dublin  Medical  Press)  ;  one  case 
by  Dr.  Gibb. 

Dr.  Gibb  mentions  other  discolorations  which  have  been  noticed  in  pus,  viz. 
orange- colour,  by  Dr.  Geoghegan — this  fluid,  however,  proved  to  be  '  altered  cellular 
membrane  ; '  slate- coloured  pus,  mentioned  by  the  same  author  as  a  discharge  in  a 
case  of  abscess  in  the  xiphoid  cartilage — '  it  resembled  the  colour  and  consistence  of 
mercurial  liniment  • '  black  pus,  described  by  Dr.  Bigger ;  green  pus,  common  in 
abscesses  of  the  brain  ;  clark-olive  pus,  devoid  of  colour,  of  creamy  consistence, 
showing  under  the  microscope  decomposed  pus-globules,  mixed  with  epithelial  scales 
(evacuated  from  an  encysted  tumour  of  the  labium) ;  claret-coloured  pus,  from  ad- 
mixture of  blood  ;  brownish  pus,  from  abscesses  of  the  liver,  &c. 

I  cannot  say  that  all  these  colours  as  applied  to  pus  are  familiar  to  me — particu- 
larly '  black,' '  dark  olive,'  or  '  slate,'  &c.  Many  cysts,  however,  present,  when  large,  the 
characters  of  abscesses,  and  contain  fluid  or  semi-fluid  secretions  of  different  hues. 

The  colour  of  unmixed  pus  generally  varies  from  light-yellow  to  white.  The 
presence  of  blood  in  variable  quantity  will  give  any  of  the  shades  resulting  from  an 
admixture  of  red. 

If  pus  be  allowed  to  stand  in  a  tall  glass  vessel,  it  will  settle  into  two  layers,  the 
upper  a  yellow  transparent  fluid  nearly  identical  with  the  blood  serum,  the  lower 
forming  a  thick  opaque  sediment.    If  a  portion  of  this  sediment  be  examined  under 

1  British  American  Journal  of  Science,  New  Series,  vol.  vi.  p.  201,  1850-1. 
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the  microscope,  it  will  be  found  to  be  composed  almost  entirely  of  a  cellular  element. 
In  fresh-drawn  pus  the  cells  can  be  seen  in  three  stages  ;  some  may  be  actually  alive, 
and  on  a  warm  stage  will  exhibit  amoeboid  movements.  The  great  majority  of  them, 
however,  are  dead,  and  present  every  stage  of  disintegration  from  the  perfect  cell  to 
mere  granular  debris.  The  cells  have  a  diameter  of  about  the  2,500th  of  an 
inch.  They  contain  nuclei,  which  become  very  distinct  on  the  addition  of  acetic 
acid.  They  resemble  in  all  respects  the  white  blood-corpuscles  with  which  they  are 
doubtless  identical.  Occasionally  extraneous  matter  consisting  of  broken-down  por- 
tions of  tissue  is  seen  floating  in  the  specimen,  besides  which,  by  first  drying  the 
specimen,  and  staining  with  aniline  blue,  minute  bodies  can  be  seen,  which  have 
been  classified  under  the  generic  name  of  bacteria.  Their  relation  to  the  abscess 
formation  is  not  yet  clearly  established,  and  hitherto  their  presence  has  only  been 
demonstrated  in  certain  specific  forms  of  abscesses,  or  as  present  when  decomposition 
has  set  in. 

In  the  light  of  recent  researches,  it  is  not  possible  altogether  to  pass  over  these 
bodies  without  remark,  for  it  may  eventually  prove  that,  insignificant  as  they  appear, 
they  may  be  in  many  instances  the  real  cause  of  pus  collections.  It  has  long  been 
supposed  that  the  collection  of  matter  forming  an  abscess  is  a  superabundant  effort  of 
nature  to  get  rid  of  some  offending  body,  and  it  appears  as  if  the  presence  of  the 
body  excited  the  tissues  to  an  inflammatory  process  terminating  in  suppuration  and 
abscess.  Thus,  it  has  been  observed  that  a  splinter  of  wood  in  the  finger,  or  a  bullet 
lodged  in  the  tissues,  became  the  centre  of  an  abscess  cavity  formed  with  a  view  to  its 
elimination.  Even  so  simple  a  matter  as  a  blood  extravasation  occasionally  excited 
the  necessary  irritation  to  produce  suppuration. 

When  closer  observation  was  directed  to  these  facts,  it  soon  became  apparent  that 
the  phenomenon  of  abscess  was  by  no  means  constant,  after  the  introduction  of  foreign 
bodies  into  the  tissues,  and  it  was  sometimes  observed  that  such  a  body,  for  instance, 
as  a  needle,  might  for  years  remain  buried  beneath  the  skin  without  exciting  the 
least  inflammatory  action,  while  at  other  times  it  would  cause  the  rapid  formation  of 
an  abscess.  And,  moreover,  it  was  a  matter  of  common  experience  that  a  smooth 
clean  body  introduced  beneath  the  skin,  and  allowed  to  remain,  was  far  less  liable  to 
produce  inflammation  than  one  covered  with  dirt  or  rust. 

The  deduction  from  these  and  innumerable  kindred  facts  soon  led  the  pathologist 
to  suspect  that  something  beyond  the  mere  mechanical  contact  of  a  foreign  body  was 
a  necessary  factor  in  the  production  of  suppuration.  It  is  not  within  the  province  of 
this  essay  to  enter  into  the  large  question  of  the  agency  of  microscopic  organisms 
producing  suppuration ;  but  it  would  be  scarcely  possible  when  writing  of  abscesses 
to  make  no  reference  to  the  recent  experiments  of  Koch  on  this  matter,  for  it  is  not 
unlikely  that  some  such  agency  may  be  at  work  in  producing  abscess  formation  in  a 
greater  number  of  cases  than  is  at  present  suspected.  By  experimenting  on  animals 
Koch  found  a  certain  form  of  extensive  abscess  which  could  readily  be  produced  from 
one  animal  to  another  by  inoculation.  The  animals  would  ultimately  emaciate  and 
die.  No  living  micro-organisms  could  be  found  in  the  contents  of  these  abscesses. 
Their  walls,  however,  were  .everywhere  formed  by  a  thin  layer  of  micrococci  united 
together  in  masses. 

The  cellular  tissue  on  the  borders  of  the  abscess  was  more  or  less  filled  with  nuclei, 
between  which  could  be  seen  small  isolated  masses  of  micrococci  forming  the  advanced 
guard  of  the  main  masses.  On  the  part  of  the  abscess  wall  which  was  towards  the 
deeper  structures,  and  where  the  thick  fascia  opposed  the  extension  of  the  organisms, 
they  could  not  develop  so  luxuriantly,  and  the  groups  were  small,  flattened,  and  only 
occasionally  projecting  into  the  layers  of  the  cellular  tissue  beneath.  As  the  organ- 
ism progressively  advances  into  the  healthy  cellular  tissue,  there  remains  behind, 
and  forming  the  contents  of  the  abscess,  the  disintegrated  nuclei  and  cheesy 
material  apparently  composed  of  dead  masses  of  micrococci.  It  would  occupy  too 
much  space  to  narrate  the  evidence  by  which  Koch  inferred  that  the  abscess  forma- 
tion was  actually  due  to  these  organisms  ;  but  it  certainly  appeal's  sufficient  to  estab- 
lish the  fact  that  t  hey  were  so  in  the  particular  abscesses  on  which  he  experimented 
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Leaving  the  interesting  question  of  these  organisms,  we  will  briefly  consider  the 
minute  anatomy  of  an  abscess.  If  a  section  be  taken  through  inflamed  tissue 
immediately  preceding  the  formation  of  pus,  it  will  be  seen  that  the  interstices  of  the 
tissue  are  infiltrated  with  innumerable  leucocytes,  which  presumably  have  escaped 
from  the  engorged  capillaries.  This  infiltration  is  especially  well  seen  in  fatty  tissue 
in  which  the  fat  cells  are  entirely  surrounded  by  leucocytes,  which  have  insinuated 
themselves  between  the  walls  of  adjacent  fat  cells.  In  this  way  the  fat  cells  become 
compressed,  and  eventually  breaking  down,  mingle  their  contents  with  the  leucocytes 
which  are  now  set  free.  This  absorption  and  disintegration  of  the  tissues  takes 
place  simultaneously  in  a  considerable  area  round  the  centre  of  the  inflammation. 
Whilst  this  breaking  down  is  taking  place  towards  the  centre  of  the  inflamed  spot, 
the  minute  blood-vessels  and  lymphatics  in  the  immediate  neighbourhood  of  the  dis- 
solving tissue  become  plugged,  but  at  a  distance  a  little  further  from  the  inflamed 
centre  they  form  an  exceedingly  vascular  network,  between  which  are  a  large 
quantity  of  leucocytes.  It  would  then  appear  that,  although  the  irritation  towards 
the  centre  of  the  inflamed  mass  was  sufficient  to  destroy  the  blood-vessels  and  tissue, 
at  a  certain  distance  from  this  centre,  it  is  only  so  powerful  as  to  produce  an 
increased  vascularity  of  the  part,  and,  by  the  excess  of  nutrition  thus  determined, 
enables  a  temporary  barrier  to  be  built  up,  limiting  the  area  of  necrosis  of  the  tissues. 
Apparently,  although  in  no  further  portion  of  tissue  death  takes  place,  a  consider- 
able number  of  the  leucocytes  forming  the  boundary  wall  of  the  abscess  cavity 
become  free,  and  rapidly  accumulating,  increase  the  volume  of  the  abscess,  forming 
the  greater  portion  of  the  pus  evacuated.  From  this  description,  it  will  be  seen  that, 
'  if  we  take  a  section  through  an  acute  abscess,  in  the  centre  will  be  found  the  pus 
already  described,  the  wall  of  the  abscess  being  bounded,  first,  by  a  thick  layer 
of  leucocytes,  outside  of  which  come  the  blood-vessels,  terminating  in  highly  vas- 
cular loops  towards  the  abscess  cavity,  whilst  towards  the  healthy  tissues  they 
gradually  tend  to  a  normal  condition.  Between  these  vessels  is  an  infiltration 
of  leucocytes  which,  towards  the  abscess,  form  a  layer  overlying  the  loops  of  the 
capillary  vessels  while  they  gradually  decrease  in  number  as  traced  towards  the 
healthy  tissue. 

If  the  abscess  has  existed  any  length  of  time,  a  tolerably  thick  layer  of  fibrinous 
exudation,  in  which  leucocytes  are  entangled,  lines  the  walls  of  the  cavity.  This  con- 
stitutes the  pyogenic  membrane  of  the  older  writers.  The  tissues  in  the  immediate 
neighbourhood  of  the  abscess  are  infiltrated  with  serum,  which  in  a  great  measure 
accounts  for  their  swollen  cedematous  condition. 

Pus  may  be  removed  by  the  absorbents.  The  serum  is  taken  up  as  any  other 
fluid.  The  pus-cells  either  dry  up,  when  they  form  a  cheesy  pultaceous  mass,  which 
may  ultimately  become  cretaceous,  and  has  often  been  mistaken  for  tubercle ;  or  the 
fatty  matter  undergoes  granular  disintegration,  the  cell-wall  softens,  and  the  whole  is 
removed  in  the  usual  manner.  During  the  early  period  of  histological  research,  a 
doubt  was  very  generally  entertained  as  to  the  possibility  of  the  absorption  of  pus, 
and  a  modern  author  endeavoured  to  prove  that  it  was  an  error  to  expect  in  surgical 
practice  the  cure  of  a  large  abscess  without  discharging  the  matter.  He  argued  that 
bleeding,  purging,  vomiting,  sweating,  or  other  evacuations,  often  had  the  effect  of 
causing  the  fluctuating  tumour  to  vanish ;  but  this,  it  was  affirmed,  was  only  for  a 
time  :  '  a  large  proportion  of  serum  had  been  withdrawn  from  the  contents  of  the 
abscess,  and  these  had  been  reduced  to  little  beyond  cells ;  but  as  soon  as  the  blood 
had  recovered  its  natural  constitution,  the  cells  (just  like  the  nucleated  cells  of 
glands)  again  exerted  their  power,  and  surrounded  themselves  with  their  natural 
atmosphere.'  It  was  further  stated  that  accidental  circumstances  will  often  act  like 
the  treatment  to  which  reference  has  been  made,  and  will  reduce  the  fluidity  of  pus, 
so  that  an  abscess  apparently  vanishes ;  but  the  cells  may  remain  quiescent  an  in- 
definite time,  and  presently  again  surround  themselves  with  fluid  blastema,  forming 
the  same  amount  of  pus  as  at  first.  On  such  grounds,  it  was  pronounced  that  the 
perfect  and  permanent  absorption  of  an  abscess,  consisting  not  only  in  the  removal  of 
its  serum,  but  in  the  destruction  and  dissolution  of  its  corpuscles,  so  that  the  part 
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shall  retain  no  tendency  to  the  re-accnmulation  of  its  previous  contents,  is  '  among 
the  very  rarest  occurrences  in  surgical  practice.' 

This  opinion  gained  such  ground  that  some  of  the  journals  thought  it  necessary 
to  record  well-marked  cases  to  prove  the  complete  disappearance  of  large  purulent 
collections  without  incisions  (vide  Medical  Times  and  Gazette,  1858,  p.  295 — cases 
under  the  care  of  Messrs.  Hilton,  Birkett,  Critchett,  and  others).  No  better  illus- 
tration of  the  fact  can  be  quoted  than  the  certain  and  speedy  absorption  of  purulent 
effusions  under  the  periosteum,  in  cases  of  tertiary  syphilis.  The  doctrine  of  treating 
abscesses  by  bleeding,  purging,  &c.  has  for  many  years  been  exploded,  experience 
having  shown  that  a  cure  can  be  more  readily  effected  by  the  opposite  course. 
About  the  end  of  July,  1845,  a  young  gentleman,  aged  12,  was  brought  to  the 
late  Sir  W.  Lawrence,  in  consequence  of  his  suffering  from  a  large  chronic  abscess, 
three  inches  by  two  in  diameter,  situated  just  below  the  angle  of  the  left  scapula. 
There  was  stiffness  of  the  vertebral  column,  and  the  abscess  was  made  out  to  be 
connected  with  some  morbid  condition  of  the  bone.  A  surgeon  had  wished  to  open 
it,  but  the  parents  objected.  Rest  in  the  recumbent  position,  the  administration  of 
tonics,  and  a  generous  diet,  were  directed;  and  on  January  14,  1846,  about  six 
months  afterwards,  the  boy  presented  himself  again,  when  it  was  found  that  the 
abscess  had  completely  disappeared. 

An  abscess  signifies  a  circumscribed  collection  of  pus  situated  in  any  of  the  tissues 
of  the  body.  Pus  may  form  under  many  other  circumstances  ;  as,  for  example,  from 
a  granulating  surface ;  in  the  pustules  of  impetigo,  herpes,  small-pox ;  in  the  areolar 
tissue  of  a  limb  ;  in  the  cancellous  texture  of  bone ;  iu  the  sac  of  the  pleura  or  peri- 
cardium, kc.  To  none  of  these  conditions  should  the  term  abscess  be  applied ;  the 
expression  '  diffused  abscess  '  is  a  contradiction.  We  draw  a  very  proper  distinction 
between  diffused  and  circumscribed  suppuration,  regarding  the  term  abscess  as  syno- 
nymous with  the  latter.  We  find  in  the  examination  of  morbid  specimens  of  the 
lung  illustrations  of  what  is  here  stated  :  a  cavity  formed  by  the  softening  of  tubercle 
is  not  an  abscess  ;  nor  is  an  infiltrated  condition  of  a  part  of  the  lung  by  pus,  giving 
to  the  lobe  a  general  yellow  colour.  In  the  one  case  we  speak  of  a  vomica,  or  tubei-- 
culous  cavity  or  cavern  in  the  pulmonary  tissue ;  in  the  other,  of  diffused  suppura- 
tion. But  an  abscess  in  the  organ  exhibits  a  circumscribed  cavity  lined  by  a  layer 
of  membrane  with  a  smooth  inner  surface.  The  causes  of  abscesses  are  numerous  ; 
its  symptoms,  formation,  and  progress  vary,  not  only  according  to  situation,  but  also 
in  connection  with  the  previous  condition  of  the  individual.  The  surgical  treatment 
requires  in  many  cases  the  greatest  amount  of  care,  patience,  determination,  and 
skill. 

Abscesses  are  divided  into  acute  and  chronic ;  but  this  distinction  imperfectly 
expresses  their  variety.  It  serves,  however,  as  a  good  basis  of  classification,  if  it  be 
remembered  that  the  two  gradually  merge  one  into  the  other.  The  former  may  be 
taken  as  a  type  of  the  disease.  A  part,  previously  inflamed  and  swelled,  becomes 
affected  witb  a  throbbing  pain,  mixed  with  occasionally  sharper  paroxysms ;  the  skin 
covering  it  becomes  glazed,  shining,  tense,  and  reddish  or  pink-coloured ;  the 
patient's  aspect  is  worn  and  pallid,  and  he  suffers  from  shivering  fits.  Upon  exam- 
ination the  surgeon  finds  a  considerable  amount  of  suri'ounding  cedenia,  but  towards 
the  suppurating  part  the  tissues  are  firmer  and  the  pain  more  acute. 

However  deeply  an  abscess  may  be  formed,  it  enlarges  by  the  extension  of  its 
wall  towards  the  external  integument  or  in  the  direction  of  some  internal  mucous  or 
serous  cavity.  When  it  approaches  either  skin  or  mucous  membrane,  it  removes  by 
degrees  the  blood-vessels  which  nourish  those  structures,  by  a  process  of  thinning  or 
attenuation  :  the  most  prominent  part  so  thinned  dies  and  separates  as  a  minute 
slough,  preceded  by  the  casting  off  of  the  epithelium.  Thus  a  small  circular  aperture 
is  formed  through  which  the  pus  flows  out.  In  the  case  of  serous  membranes  the 
vitality  is  longer  preserved,  and  the  matter  often  escapes  by  a  rent  or  tear.  At  first 
only  a  small  quantity  is  discharged  ;  but  by  degrees  the  stream  becomes  larger  and 
uninterrupted,  until,  by  the  contraction  of  the  cyst  or  wall  of  the  abscess,  the  cavity 
is  entirely  obliterated.    The  external  ojjening  then  closes  and  cicatrises.  Although 
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much  of  the  sharp  throbbing  sensation  ceases  when  suppuration  has  been  fairly 
established,  still  the  process  of  pointing,  or  the  coming  of  the  abscess  to  the  surface, 
is  attended  with  much  pain,  and  the  surgeon  may  be  called  upon  to  assist  nature  by 
making  an  opening  with  a  lancet  or  scalpel.  Let  him  bear  in  mind  the  normal 
progress  of  an  abscess,  imitate  the  steps  of  nature  as  far  as  possible,  and  give  the 
least  amount  of  pain  to  the  patient.  He  must  first  ascertain  where  the  matter  is 
situated.  The  feeling  of  fluctuation  is  more  quickly  perceived  by  one  surgeon  than 
another — a  fact  dependent  upon  the  delicacy  of  touch.  It  is  not  necessary  to  grasp 
the  part  forcibly  and  to  press  upon  the  inflamed  tissues  with  violence  :  fluctuation  is 
more  readily  ascertained  by  gentle  manipulation  and  slight  yet  well-directed,  and 
sometimes  alternating,  pressure.  When  matter  is  situated  in  the  limbs,  the  wave  of 
fluctuation  should  be  sought  for  by  making  pressure  in  the  direction  of  the  long 
axis,  for,  if  manipulation  be  practised  across  the  limbs,  the  muscles  will  communicate 
a  deceptive  feeling  of  fluctuation  although  no  matter  be  present. 

Among  the  more  important  diseases  for  which  abscess  may  be  mistaken  are  the 
following  : — 1.  Simple,  or  hydated  cysts.  2.  Circumscribed  extravasations  of  blood. 
3.  Soft  growths.  4.  Aneurisms.  As  a  rule  there  is  little  difficulty  in  distinguishing 
chronic  abscess  from  cysts.  In  the  chronic  abscess,  there  is  generally  an  absence  of 
the  firmness  so  frequently  met  with  in  cysts,  due  to  the  wall  of  the  cavity  being 
tightly  distended  with  the  fluid,  and  again,  the  outline  of  a  chronic  abscess,  from  the 
thickening  of  the  tissues  in  the  immediate  neighbourhood,  is  not  nearly  so  clearly 
defined  as  when  the  cavity  contains  some  simple  non-inflammatory  fluid.  The  diag- 
nosis between  these  two  forms  of  fluids  seldom  has  material  bearing  on  the  treatment, 
which  in  either  case  is  conducted  on  similar  principles,  or,  if  it  be  desirable  to  clear 
up  the  doubt,  this  can  be  accomplished  with  a  grooved  needle.  Localised  extravasa- 
tions of  blood  require  to  be  diagnosed  from  abscess.  Such  collections  may  be  fre- 
quently noticed  on  the  day  following  an  injury,  so  that  the  rapidity  with  which  they 
appear  excludes  the  possibility  of  matter  having  formed.  There  is  also  an  absence  of 
all  the  inflammatory  symptoms  which  would  be  present  in  the  formation  of  an  acute 
abscess.  In  presence  of  an  hsemorrhagic  diathesis,  spontaneous  collections  of  blood 
may  simulate  a  chronic  abscess.  It  is  very  important  to  bear  in  mind  the  possibility 
of  such  collections,  for  if  they  be  mistaken  for  pus,  and  an  incision  be  made,  the  most 
troublesome  consequences  may  ensue.  In  these  rare  cases  the  previous  history  of  the 
patient  will  afford  a  right  clue  to  the  diagnosis. 

Fatty  Tumours  may  occasionally  be  mistaken  for  abscess,  but  the  puckering  of 
the  skin  produced  by  endeavouring  to  raise  it  from  a  fatty  tumour  is  nearly  always 
absent  in  an  abscess.  Quickly  growing  malignant  tumours  occasionally  resemble 
abscess.  In  one  case  in  which  there  was  considerable  doubt  as  to  the  nature  of  a 
swelling  of  some  weeks'  duration  at  the  lower  end  of  the  humerus,  it  was  observed 
that,  if  firm  pressure  was  made  round  the  tumour  whilst  the  brachial  artery  was 
compressed,  the  tumour  diminished  in  size,  and  when  the  pressure  was  removed  from 
the  artery,  was  again  felt  to  expand  to  its  original  dimensions ;  this  slight,  though 
perceptible,  diminution  in  bulk  being  clearly  due  to  the  blood  being  squeezed  from 
the  tumour,  returning  again  to  its  original  bulk  on  removal  of  pressure.  Such 
diminution  would  scarcely  occur  in  an  abscess,  and  doubtless,  as  in  the  case  in  ques- 
tion, this  proceeding  may  occasionally  be  of  value  in  doubtful  cases.  Lastly,  we 
come  to  a  matter  of  the  gravest  importance — the  mistaking  an  aneurism  for  an 
abscess.  Those  who  are  inexperienced  in  surgical  cases  can  scarcely  conceive  it  possible 
that  such  an  error  should  arise,  and  yet  the  mistake  has  arisen  in  the  hands  of  some 
of  the  most  careful  and  experienced  surgeons.  Of  course  the  mistake  could  not  occur 
in  any  ordinary  form  of  aneurism  (see  Aneurism). 

The  inflammation  that  occasionally  takes  place  in  the  cellular  tissue  resulting 
from  leakage  of  an  aneurismal  sac,  produces  all  the  physical  signs  of  an  abscess,  while 
the  complete  absence  of  any  pulsation  helps  to  confirm  the  erroneous  opinion,  or  it 
may  be  a  case  in  which  an  aneurismal  sac  has  actually  burst  into  the  cavity  of  a 
pre-existing  abscess. 

An  inflammatory  swelling  in  the  neighbourhood  of  one  of  the  large  vessels 
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should  always  be  examined  with  the  greatest  care,  and  it  should  also  be  remembered 
that  in  the  gluteal  region — a  common  locality  for  abscess,  but  an  exceedingly  rare  one 
for  aneurism — the  mistake  has  more  than  once  been  made. 

In  rare  cases  in  which  there  must  be  a  doubt  as  to  the  nature  of  the  swelling, 
it  will  be  a  wise  precaution  to  use  a  fine  exploratory  needle  before  making  a  free 
incision. 

Cervical  Abscess. — Abscesses  frequently  form  about  the  head  and  neck  in  children. 
Two  or  three  such  cases  will  turn  up  daily  in  any  large  out-patient  department. 
These  cases  used  always  to  be  classed  as  strumous,  and  Vinum  Ferri  was  supposed 
to  be  the  requisite  remedy.  It  is  true  that  such  children  are  usually  delicate  and 
ill-nourished,  but  the  starting  point  for  such  abscesses  is  certainly  in  a  considerable 
number  of  cases  involved  in  no  obscurity.  The  mother's  diagnosis  is  that  it  began 
with  lumps  in  the  neck  and  a  sore  head.  The  true  sequence  of  events,  however,  is 
eczema  of  the  head,  followed  by  enlarged  cervical  glands,  some  of  which  occasionally 
suppurate.  From  my  own  experience  I  have  no  hesitation  in  saying  that,  in  the 
vast  majority  of  cases,  this  eczema  is  the  result  of  lice,  and  that  the  gland  irritation 
results  from  the  absorption  of  material  from  the  decomposing  crusts.  Occasionally 
no  obvious  local  cause  is  observable  to  which  this  gland  irritation  can  be  traced,  and 
it  is  probable  that  in  very  weak  and  delicate  children  gland  irritation  may  result 
from  local  causes  at  present  too  slight  to  be  recognised.  Nevertheless  it  is  unnecessary 
to  classify  all  such  abscesses  under  the  da.rk  and  unintelligible  guise  of  struma.  The 
application  of  Unguentum  Hydrg.  Ammoniati  to  the  head  with  a  free  use  of  soft  soap 
will  often  prevent  the  future  formation  of  abscesses,  though  of  course  they  cannot 
cure  what  is  already  present. 

The  question  may  be  asked  should  we  open  such  abscesses  early,  or  shoidd  we 
allow  them  to  burst  1  About  the  scalp  they  are  generally  painful,  and  may  be  opened  ; 
about  the  face  and  neck,  if  allowed  to  burst,  the  cicatrix  may  leave  unpleasant  con- 
tractions. The  deep  puckered  scars  so  frequently  seen  about  the  neck  in  young 
women,  a  source  of  such  great  disfigurement,  are  the  result  of  neglected  abscesses  in 
the  neck  ;  so  that,  as  a  general  rule,  we  open  them  in  the  direction  of  the  line  of 
feature,  or  of  the  fibres  of  the  subjacent  muscle.  But  the  surgeon  must  dismiss 
fiom  his  mind  the  idea  that  the  cicatrix  formed  in  infancy  will  of  necessity  become 
obliterated,  or  even  remain  stationary,  during  the  growth  of  the  child.  It  will 
indeed  contract  for  a  time,  and  lose  all  that  peculiar  elastic  material  which  was  at 
first  deposited,  until  it  becomes  a  thin,  smooth,  white  patch,  differing  clearly,  but  not 
very  markedly,  from  the  normal  integument.  '  Thus  a  scar  or  a  diseased  spot  may 
grow  and  assimilate  as  its  healthy  neighbours  do.  The  scar  of  a  child,  when  once 
completely  formed,  commonly  grows  as  the  body  does,  at  the  same  rate  and  accord- 
ing to  the  same  general  rule ;  so  that  a  scar  which  the  child  might  have  said  was  as 
long  as  his  own  forefinger,  will  still  be  as  long  as  his  forefinger  when  he  grows  to  be 
a  man.' 1  Mr.  W.  Adams  related  to  me  the  case  of  a  young  lady  who,  when  an 
infant,  had  a  nsevus  removed  from  under  the  left  clavicle  by  extirpation.  The 
surgeon  assured  the  mother  that  the  cicatrix  would  disappear  with  years  ;  but,  on 
the  contrary,  the  scar  has  increased  in  length  from  an  inch  and  a  half  to  about  four 
inches,  and  being  situated  on  the  bosom,  produces  an  unseemly  deformity.  But  this 
is  an  exceptional  case  j  and  I  am  inclined  to  believe,  with  Sir  J.  Paget,  that  '  another 
rule  within  this  is  to  be  remembered  —  namely,  that  in  these  structures  there  is 
usually  (especially  in  youth)  a  tendency  towards  the  healthy  state.  Hence  cicatrices, 
after  long  endurance,  and  even  much  increase,  may,  as  it  is  said,  wear  out ;  and 
thickenings  and  indurations  of  parts  may  give  way,  and  all  become  again  pliant  and 
elastic' 

In  young  children  an  acute  and  extremely  painful  abscess  may  form  behind  the 
ear  or  below  the  angle  of  the  jaw ;  the  skin  becomes  of  bright  red  colour,  and  the 
matter  is  obviously  making  its  way  to  the  surface.  Here  an  incision  should  be  made 
to  relieve  pain. 

In  the  adult   the  neck  is  the  seat  of  a  deeper  and  more  serious  suppuration 
1  Paget 's  Surgical  Pathology,  vol.  i.  p.  150. 
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which  forms  under  the  sterno-niastoid  muscle  and  in  the  proximity  of  the  great 
vessels.  It  generally  terminates  in  an  abscess — that  is  to  say,  a  circumscribed 
suppuration  j  but  occasionally  the  matter  is  diffused,  when  I  have  known  the  disease 
prove  fatal,  by  interfering  with  respiration.  It  generally  commences  with  stiffness 
of  the  neck,  which  the  patient  refers  to  cold  ;  then  the  head  becomes  twisted  to  the 
opposite  side,  by  the  action  of  the  sterno-mastoid  muscle,  which  is  raised  by  the 
swollen  parts  beneath.  The  whole  side  of  the  neck  may  feel  uniformly  hot,  hard, 
and  brawny ;  or  a  mass  of  enlarged  glands  of  nearly  stony  hardness  may  project  from 
the  posterior  border  of  the  muscle.  The  patient  cannot  open  the  mouth  or  swallow 
in  comfort ;  he  cannot  rest,  or  clear  his  throat ;  he  fears  to  sleep,  lest  he  should 
choke.  The  countenance  becomes  pale,  sunken,  and  anxious,  and  attacks  of  shiver- 
ing are  severe  and  frequent.  Death  may  ensue  from  general  purulent  infiltration 
and  swelling  of  the  cervical  glands  and  the  adjacent  areolar  tissue,  or  by  the  abscess 
bursting  into  the  oesophagus,  pleura,  or  other  important  structure.  A  man,  set.  31, 
was  admitted  into  St.  Bartholomew's  Hospital  with  pneuino- thorax  on  the  light  side 
and  general  emphysema.  He  had  had  pain  in  his  throat  and  difficulty  of  swallowing 
for  some  time  before  those  symptoms  ensued,  which  indicated  the  penetration  of  the 
pleural  cavity.  After  death  it  was  found  that  an  abscess  formed  in  the  deep 
cellular  tissue  of  the  neck  had  burst  in  two  directions— namely,  through  the  upper 
part  of  the  oesophagus,  and  through  the  right  pleura  into  the  cavity  of  the  chest. 
The  late  Mr.  Callender,  of  St.  Bartholomew's  Hospital,  has  dissected  two  cases  of  deep 
suppuration  of  the  neck,  in  one  of  which  the  pus  made  its  way  into  the  anterior 
mediastinum ;  in  the  other,  it  surrounded  the  trachea  and  extended  to  the  root  of 
the  lungs ;  and  Mr.  Ballard  exhibited  at  the  Pathological  Society  the  remains  of  a 
tuberculous  abscess  which  had  burst  from  behind  the  sternum  into  the  trachea. 
Sufficient  has  been  said  to  show  that  the  sooner  the  deep  cervical  abscesses  are 
opened  the  better ;  the  matter  may  be  so  deeply  seated  that  the  usual  scalpel  blade 
will  scarcely  reach  it ;  but  that  does  not  signify,  for  the  fluid  will  possibly  find  its 
way  through  the  opening  on  the  ensuing  day.  A  case  of  this  kind  came  under  the 
care  of  the  late  Sir  W.  Lawrence,  who  entered  his  knife  nearly  the  whole  length  of 
the  blade  without  success.  During  the  night  the  patient's  sufferings  became  suddenly 
greatly  alleviated,  and  in  the  morning  the  poultice  was  discovered  full  of  healthy 
pus.  The  opening  is  more  safely  made  behind  than  in  front  of  the  sterno-mastoid, 
and  it  usually  happens  that  the  fluctuation  is  more  perceptible  in  the  former  situa- 
tion. I  saw  a  patient  in  St.  Bartholomew's  Hospital  in  whom  a  large  purulent 
collection,  inclining  towards  the  posterior  part  of  the  neck,  and  causing  the  usual 
symptoms — throbbing  pain,  loss  of  sleep,  <fec. — had  formed  within  a  fortnight.  I 
introduced  the  scalpel  deeply,  and  gave  issue  to  healthy  matter ;  the  patient  re- 
covered without  an  unfavourable  symptom.  But  in  many  cases,  especially  if  the 
patient  be  out  of  health  and  weakly,  medical  supervision  should  be  continued  for  a 
considerable  time.  In  the  autumn  of  1847,  a  lady,  residing  in  the  house  of  a 
surgeon  in  the  city,  went  out  in  apparently  perfect  health  to  a  party.  She  came 
home  with  swelled  face,  and  it  was  supposed  she  was  suffering  from  an  attack  of 
mumps.  Some  leeches  were  applied.  Swelling  and  inflammation  increased,  and  the 
family  called  in  Sir  W.  Lawrence,  in  the  belief  that  the  disease  was  erysipelas.  The 
neck  soon  began  to  swell,  and  an  abscess  formed,  which  was  evacuated  by  puncture. 
Thick  well-formed  pus  escaped  from  the  incision  in  moderate  quantity,  and  the 
opening  soon  closed.  Then  an  abscess  formed  in  the  thigh,  and  pursued  a  similar 
course ;  next,  another  over  the  left  scapula ;  and  finally,  a  fourth  formed  over  the 
hip.  The  ultimate  result  of  the  case  was  lost,  the  patient  returning  to  the  country. 
In  this  case  there  was  possibly  blood-poisoning. 

In  1847,  a  female  was  in  St.  Bartholomew's  Hospital  suffering  from  a  cervical 
abscess,  deeply  seated,  and  raising  the  carotid  vessels,  which  could  be  felt  pulsating 
over  it.  There  was  numbness  of  both  arms  and  partial  paralysis  of  the  lower 
extremities.  A  puncture  was  made  in  consequence  of  impending  suffocation,  and 
from  seven  to  eight  ounces  of  thick  matter  were  evacuated.  This  was  followed  by 
1  Pathol.  Catalogue,  ser.  xxiv.  p.  14. 
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immediate  relief  to  all  the  symptoms,  and  slow  return  of  all  the  functions  of  the 
limbs.  In  another  case  the  swelling  was  at  the  sides  and  front  of  the  neck,  and 
over  the  situation  of  the  thyroid  body.  Wherever,  in  such  cases,  the  matter  may 
form,  the  treatment  is  the  same.  A  proper  opening  must  be  made  as  early  as 
fluctuation  is  detected,  that  the  abscess  may  neither  extend  into  the  cavity  of  the 
chest  nor  burst  into  parts  important  to  life.  The  application  of  leeches  is  rarely 
required,  but  from  the  general  condition  of  the  patient  there  is  more  frequent  need 
of  tonics  and  stimulants.  Indeed,  the  administration  of  quinine  and  wine  here 
seems  to  assist  and  to  expedite  suppuration,  and,  after  an  opening  has  been  made,  to 
favour  the  processes  necessary  to  the  closure  of  the  wound. 

The  acute  oedema  and  swelling  which  precedes  the  formation  of  deep-seated 
abscesses  in  the  neck  should  always  be  regarded  with  some  suspicion,  for  it  occasion- 
ally occurs  that  the  swelling  extends  to  the  glottis,  and  that  life  may  be  endangered 
by  a  sudden  spasm.  A  strong  healthy  girl  of  18  was  admitted  in  Magdalene  Ward 
at  St.  Bartholomew's  Hospital  with  a  slight  attack  of  gonorrhoea ;  she  otherwise 
appeared  to  be  in  perfect  health.  That  evening  she  complained  of  pain  on  the  left 
side  of  the  neck.  The  following  morning  there  was  considerable  swelling  in  the  left 
parotid  region.  During  the  day  this  rapidly  increased,  and  towards  night  gave  rise 
to  alarming  symptoms.  At  1"2  p.m.  the  swelling  had  extended  from  the  left  across 
the  middle  line  to  the  right  side.  It  had  entirely  obliterated  the  curves  of  the  chin, 
and  extended  down  over  the  upper  part  of  the  throat.  On  the  left  side  it  was 
bright  red,  but  this  faded  towards  the  middle  line,  where  a  waxy  appearance  was 
presented.  The  respiration  was  hurried  and  laboured,  the  patient  sitting  up  in  bed, 
and  could  scarcely  be  kept  quiet.  It  was  decided  to  make  an  incision  through  the 
skin  to  relieve  the  tension.  A  very  small  quantity  of  chloroform  was  administered, 
which  immediately  brought  on  an  urgent  spasm  of  dyspnoea.  The  face  immediately 
became  dusky  and  the  head  dropped  back.  Tracheotomy  was  then  performed 
(occupying  about  two  and  a  half  minutes).  Artificial  respiration  was  kept  up  for 
an  hour,  but  there  was  never  again  the  slightest  symptom  of  life.  The  post-mortem 
examination  showed  that  death  arose  from  asphyxia.  The  side  of  the  neck  was 
distended  with  serum  ;  there  was  no  appearance  of  a  circumscribed  abscess  cavity. 

Should  symptoms  of  urgent  dyspnoea  arise,  in  these  circumstances  the  surgeon 
should  be  prepared  for  immediate  tracheotomy,  and  this  should  be  performed  without 
chloroform,  which  certaiidy  imparts  an  additional  element  of  danger. 

When  abscesses  form  in  the  proximity  of  a  joint,  we  have  reason  to  suspect  that 
disease  is  going  on  in  the  articulation.  Not  that  the  abscess  of  necessity  communi- 
cates with  the  synovial  cavity  ;  but  it  may  be  symptomatic  of  morbid  changes  in  the 
soft  structures  or  in  the  bone.  A  man  came  under  my  care  in  whom  there  was  a 
large  suppuration  under  the  deltoid  and  pectoral  muscles ;  I  evacuated  the  matter 
by  puncture,  and  then  ascertained  that  there  was  acute  disease  going  on  in  the 
shoulder-joint,  A  similar  case  came  under  Mr.  Stanley's  care  in  1857  ;  and  in  both 
the  severer  disease  was  masked  for  a  time  by  the  painful  suppurating  swelling.  The 
same  remark  applies  to  abscesses  about  the  thigh ;  and  we  find  that  such  an  event 
may  be  the  first  indication  of  inflammation  of  the  hip-joint  assuming  an  acute  form. 

But  the  abscess  may  have  a  deeper  and  more  serious  signification.  It  may  indicate  the 
extension  of  some  deep-seated  suppuration  through  the  articular  cavity  to  the  more  super- 
ficial parts;  and  such  a  case  as  the  following  may  point  out  the  necessity  of  the  most  careful 
examination  on  the  part  of  the  surgeon.  A  hoy  was  seen  at  St.  Bartholomew's  Hospital,  in 
whom  there  was  an  abscess  in  the  upper  part  of  the  right  tliigh  pointing  over  the  femoral 
vessels.  Fluctuation  extended  into  the  iliac  region  ;  there  was  no  pain  in  tbe  hip,  groin,  or 
back.  Mr.  Stanley  made  an  opening,  whence  there  issued  a  considerable  quantity  of  pus 
mixed  with  synovia,  the  latter  separating  and  floating  on  the  top  of  the  former.  Several 
openings  were  made  at  different  times:  severe  pain  in  the  knee  came  on,  the  hoy  became 
hectic,  and  died  November  10,  184G.  On  examination  it  was  found  that  suppuration,  com- 
mencing in  the  iliac  fossa,  had  extended  through  the  acetabulum,  destroying  the  hip-joint, 
and  presented  itself  in  the  situation  where  it  was  first  punctured. 

In  dealing  with  fluctuating  swellings  in  the  proximity  of  a  joint,  however,  the 
surgeon  must  not  be  too  hasty  in  the  use  of  the  knife.    There  are  changes  in  the 
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synovial  membrane  producing  thickening  and  interstitial  suppurations,  which  can 
with  difficulty  be  distinguished  from  a  circumscribed  and  external  abscess.  The 
synovial  lining  of  the  thecae  embracing  the  surrounding  tendons  may  pour  forth  a 
considerable  quantity  of  turbid  fluid,  or  even  of  pus  ;  and  it  may  happen  that  the 
introduction  of  a  lancet  into  such  a  collection  will  be  followed  by  marked  aggravation 
of  the  symptoms  attending  the  articular  disease.  When  abscesses  form  external  to 
a  joint,  they  are  generally  very  painful,  and  are  attended  with  heat  and  redness  of 
the  skin ;  the  process  of  pointing  soon  manifests  itself.  An  accumulation  of  fluid 
within  a  joint,  or  in  the  layers  of  the  synovial  membrane,  or  in  the  tendinous  bursa?, 
rarely  affects  the  integument,  as  in  the  preceding  case;  and  the  expression  has  be- 
come proverbial,  that  '  external  redness  indicates  the  superficial  character  of  the 
abscess.' 

The  frequency  with  which  abscesses  form  in  the  proximity  of  a  wounded  joint, 
during  the  processes  of  repair,  is  a  fact  pointed  out  by  the  late  Mr.  Hey  :  '  When 
(after  wounds)  the  capsular  ligament  becomes  inflamed,  the  formation  of  abscesses, 
attended  with  a  high  degree  of  fever  and  ultimately  a  stiffness  of  the  joint,  are  the 
common  consequences  if  the  life  of  the  patient  is  preserved. ' 1 

The  subject  of  psoas  abscess  is  treated  elsewhere. 

There  occur  cases  of  abscess  in  the  abdominal  walls,  some  of  which  are  unconnected  with 
disease  within  the  cavity.  They  may  he  left  to  pursue  their  own  course,  especially  if  they 
show  a  disposition  to  come  to  the  surface.  But,  in  dealing  with  such  swellings,  we  must 
never  forget  the  frequency  with  which  the)-  indicate  intestinal  disease.  In  the  Museum  of 
St.  Bartholomew's  Hospital  there  is  a  preparation  •  exhibiting  a  portion  of  the  abdominal 
walls  from  the  right  iliac  region.  The  anterior  part  of  the  caecum  is  united  to  the  peritonaeum 
lining  the  adjacent  muscles  ;  at  this  part  also  the  mucous  membrane  of  the  caecum  is  re- 
moved, and  irregular  fungous  growths  occupy  its  place.  A  fistulous  canal  extends  from  the 
cavity  of  the  caecum  through  the  middle  of  the  growths,  and  through  the  adjacent  part  of  the 
abdominal  wall.  The  patient  was  a  man  35  years  old.  The  effects  of  an  abscess  bursting 
into  the  peritonaeal  cavity  are  fatal. 

A  case  was  related  at  the  Medico-Chirurgical  Society,  April  22,  1845,  in  which  Mr. 
Howell,  of  Risborough.  found  in  the  groin  of  a  man  aged  70,  suffering  from  symptoms  re- 
sembling those  of  strangulated  hernia,  a  small  hard  tumour,  about  the  size  of  a  hen's  egg, 
lying  over  Poupart's  ligament,  about  midway  between  the  external  and  internal  abdominal 
rings.  After  two  days,  phlegmonous  inflammation  took  place  ;  and  on  fluctuation  being  per- 
ceived, the  part  was  opened  and  four  ounces  of  pus  were  discharged.  On  the  following 
morning  two  worms  (lumbrici  teretes)  were  found  in  the  poultice.  Faeces  passed  by  the 
wound  for  three  weeks ;  but  the  man  recovered  within  two  months.  During  the  debate 
which  followed,  Dr.  Chowne  remarked  that  he  had  seen  a  case  in  which  two  ounces  of 
quicksilver  escaped  from  an  abscess  which  foi  med  in  the  groin  of  a  patient  who  had  taken 
much  of  this  mineral.  Faecal  matter  passed  also  for  a  time,  and  the  wound  ultimately 
closed.3 

Many  years  ag:o  I  examined  the  body  of  a  young  lady,  who  died  under  the  following 
circumstances.  She  had  been  some  time  previously  in  the  South  of  France,  where  she 
suffered  from  a  dysenteric  attack.  She,  however,  apparently  had  recovered,  although  she 
often  complained  of  sudden  pain  and  cramp  in  the  abdomen.  One  day,  while  on  horseback, 
she  leaped  over  a  small  trench,  when  severe  and  agonising  pain  immediately  ensued  over 
the  whole  abdominal  region,  and  she  could  scarcely  reach  her  home.  She  dropped  from  her 
pony,  and  died  very  soon  afterwards.  On  examination  it  was  found  that  a  large  abscess  had 
formed  in  the  pelvis  between  the  fascia  and  peritonaeum,  and  had  been  separated  from  the 
abdominal  cavity  by  the  thin  wall  of  the  sac.  The  sudden  jerk  had  ruptured  the  abscess 
internally ;  pus  had  escaped  into  the  abdominal  cavity,  and  peritonitis  of  the  acutest  form 
had  supervened,  under  which  she  expired. 

For  faecal  abscess,  see  the  essay  on  Diseases  of  the  Intestines. 

Dr.  Deutsch  4  observes,  *  that  to  the  frequently-occurring  puerperal  metastases 
belong  abscesses,  which  are  characteristic,  inasmuch  as  they  are  often  the  local 
metastasis  of  a  general  "  blood-crasis,"  exciting  puerperal  fever.  In  a  great  number 
of  cases  no  inflammatory  attack  precedes  their  formation  ;  and  the  presence  of  pus  is 
first  indicated  by  a  rigor.  So  difficult  of  detection  are  these  collections,  that  the  most 
careful  examination,  not  only  externally,  but  also  by  the  vagina  and  rectum,  are 
often  necessary.'  He  divides  pelvic  abscesses  into  peritonaea!  and  extra-peri  ton  aeal. 
The  former  is,  in  general,  attended  with  a  febrile  attack  and  acute  local  pain,  and 

1  Hey's  Surgery,  p.  355,  1814.  2  Ser.  xvi.  prep.  28. 

3  Vide  Lancet.'  1845,  p.  648.  4  Prag.  Vierteljahrschrift,  lvii.  S.  63:  1858. 


108 


ABSCESS. 


appears  (1)  in  the  inguinal  fossa,  more  often  the  right  than  the  left ;  (2)  in  the  liga- 
mentum  latum,  also  more  often  on  the  light  side.  In  the  first  situation  there  is  an 
external  swelling  ;  in  the  second,  there  is  none,  and  pressure  adds  but  little  to  the 
pain.  But  examination  by  the  rectum  detects  the  feeling  of  fluctuation,  and  like- 
wise produces  severe  pain,  as  does  also  lying  on  the  opposite  side,  and  the  evacuation 
of  the  faeces.  In  these  cases  we  have  generally  adhesion  to  the  rectum,  rather  than 
to  the  vagina  or  bladder.  The  extra-peritonaeal  abscess  usually  manifests  less  febrile 
reaction  and  an  inconsiderable  amount  of  pain.  Its  most  frequent  seat  is  (1)  the 
spot  where  the  aponeurotic  covering  of  the  deep  abdominal  muscles  going  to  the 
thigh  passes  into  the  fascia  transversalis  abdominis  and  Poupart's  ligament.  Exami- 
nation by  the  rectum  fails  to  give  any  information ;  that  by  the  vagina  is  useful  only 
when  the  abscess  is  situated  on  the  iliacus  interims.  In  course  of  time  the  abscess 
extends  upwards  towards  the  inguinal  region,  when  its  presence  soon  becomes  evident. 
(2)  In  the  pubic  region  near  the  recti  and  pyramidales  muscles,  where  their  presence 
excites  pain.  The  extra-peritonaeal  are  more  common  than  the  peritonaea!  abscesses 
in  the  proportion  of  two  to  one. 

Inguinal  abscesses  are  readily  detected  externally.  When  pelvic  abscess  occurs 
in  the  female,  the  spot  at  which  fluctuation  is  generally  for  the  first  time  perceived 
is,  according  to  Sir  J.  Y.  Simpson,  the  roof  of  the  vagina  immediately  behind  the 
cervix  uteri,  or  to  one  side,  as  if  where  the  broad  ligament  would  open  below  if  its 
layers  were  separated  by  accumulated  fluid.  '  The  exploring  needle,'  observes  that 
distinguished  physician, '  which  is  of  invaluable  service  in  the  examination  of  diseases, 
is  never  used  to  more  advantage  than  when  employed  for  the  exploration  of  pelvic 
abscesses,  when  they  happen  to  be  unusually  difficult  or  doubtful  in  their  diagnosis. 
Eor  in  the  common  run  of  cases  yon  will  usually  be  perfectly  able  to  make  out  the 
diagnosis  without  this  assistance.  In  any  case  of  pelvic  cellulitis,  however,  where 
you  are  in  doubt  as  to  the  formation  of  pus,  you  may  make  sure  of  it  at  once  by 
pushing  an  exploring  needle  into  the  centre  of  the  tumour.'  1  The  author  continues, 
that  '  the  best  exploring  needle  is  a  long  slender  thread-like  trochar  with  a  wire 
stilet  passing  through  it.  If  the  pus  is  thick,  it  may  not  traverse  the  trochar.  But 
if  the  surgeon,  after  withdrawing  the  trochar,  blow  through,  a  drop  or  two  may 
escape  from  the  end.  The  existence  of  matter  having  been  established,  it  should  be 
evacuated  by  a  free  incision.' 

Abscess  of  the  brain  may  be  a  result  of  direct  violence  to  the  cranium,  or  happens 
as  a  consequence  of  disease  of  the  temporal  bone.  A  man,  who  had  had  purulent 
discharge  from  the  left  ear  for  five  weeks,  died  suddenly.  On  examination,  the 
petrous  portion  of  the  temporal  bone  was  found  extensively  diseased.  In  the  left 
hemisphere  of  the  brain  there  was  a  cyst,  an  inch  and  a  half  in  diameter,  containing 
pus.  It  was  situated  immediately  over  the  fissure  of  Sylvius;  the  walla  were  distinct, 
thin,  and  smooth  on  both  surfaces,  and  easily  separable  from  the  surrounding  cerebral 
substance. 

The  diagnosis  of  abscess  within  the  cranium  belongs  to  another  chapter.  If 
general  symptoms  indicate  its  presence,  and  if  there  be  any  external  evidence  to  indi- 
cate the  site  of  the  matter,  the  skull  may  be  trephined.  The  recent  observations  of 
Professor  Ferrier  on  the  localisation  of  brain  function  are  likely  to  lead  to  valuable 
data,  by  which  the  position  of  the  matter  may  be  diagnosed,  and  the  proper  site  for 
the  application  of  the  trephine  selected — another  indication  of  the  valuable  contri- 
butions of  physiological  research  to  practical  surgery. 

Abscesses  in  the  loose  areolar  tissue  of  the  back  of  the  orbit,  causing  protrusion 
of  the  globe  of  the  eye,  are  treated  of  in  the  Essay  on  '  Diseases  of  the  Eye.' 

Mammary  abscesses  may  be  acute  or  chronic  ;  superficial,  deep-seated,  or  between 
the  gland  and  the  pectoral  muscle.  In  whatever  situation  they  may  form,  the  treat- 
ment is  to  be  conducted  on  precisely  the  same  rules  as  affect  abscesses  in  other  parts 
of  the  body.  Most  commonly  suppuration  occurs  during  tbe  progress  of  lactation, 
the  patient  being  of  feeble  constitution  and  reduced  below  the  usual  strength. 
Among  the  poor  we  frequently  see  an  abscess,  occupying  a  large  part  of  the  gland, 
1  Med.  Times  and  Gazette,  July  1G,  1859. 
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and  formed  within  six  weeks  of  delivery.  The  patient's  face  is  pallid  and  worn  ; 
the  pulse  excessively  feeble  ;  the  local  pain  is  described  as  excessive,  and  the  strength 
seems  quite  exhausted.  Suppuration  may  be  checked,  and  indeed  prevented,  by  the 
timely  administration  of  tonic  remedies;  but  in  general,  sooner  or  later,  the  matter 
forms,  when  it  should  be  evacuated  by  a  tolerably  free  incision.  Some  surgeons  fear 
to  use  the  knife,  lest  they  should  injure  the  lactiferous  tubes.  Such  a  dread  is 
imaginary  :  far  more  injury  will  ensue  to  the  organ  from  the  enlargement  of  the 
walls  of  the  abscess. 

The  deep-seated  chronic  mammary  abscess  is  peculiar  in  its  slow  growth,  the 
absence  of  inflammatory  symptoms,  its  firm,  solid,  and  circumscribed  feel,  and  its 
liability  to  be  mistaken  for  a  tumour.  The  cyst-wall  is  often  very  thick,  so  that  it 
is  impossible  to  detect  fluctuation.  I  have  seen  the  entire  mammary  gland  removed 
by  an  experienced  surgeon  under  the  idea  that  the  tumour  was  of  cancerous  nature, 
and  other  cases  in  which  such  an  accident  was  on  the  point  of  happening.  An 
incision  made  before  the  more  serious  operation,  but  in  the  same  line,  will  generally 
yield  the  necessary  information. 

Abscesses  seated  between  the  mammary  gland  and  the  pectoi'al  muscle  form  and 
burst  not  uncommonly  near  the  outer  border  of  the  mammary  gland.  Sinuses  extend 
in  different  directions,  and  the  discharge  is  for  a  long  time  uncontro  liable.  The 
patients  are  for  the  most  part  young,  and  of  strumous  habit  ;  in  many  instances 
there  is  tuberculoxis  deposit  in  the  lungs.  In  former  times  the  practice  consisted  in 
laying  open  the  sinuses,  although  this  operation  required  the  division  through  its 
entire  thickness  in  more  than  one  direction,  of  the  whole  gland.  I  hope  that  this 
practice  no  longer  exists.  The  sinuses  are  but  the  channels  through  which  the 
tuberculous  matter  is  washed  away ;  the  pus  is  but  the  agent  for  that  salutary  pro- 
cess ;  and  when  in  course  of  years  the  parts  have  resumed  their  normal  state,  the 
openings  will  close  without  difficulty.  The  administration  of  tonics  and  of  nourish- 
ing diet,  removal  when  possible  to  pure  air,  combined  with  unirritating  applications 
and  patience  on  the  part  of  the  patient — these  are  proper  measures  on  which  we 
may  place  the  greatest  reliance. 

Acute  idiopathic  abscess  of  the  testicle  is  extremely  rare.  There  are  two  pi'epara- 
tions  in  the  Museum  of  St.  Bartholomew's  Hospital  (series  xxviii.)  worthy  of  atten- 
tion. The  first  (No.  34)  exhibits  a  testicle  enlarged  and  indurated,  with  a  small 
circumscribed  abscess  in  the  interior.  The  second  (No.  45)  shows  a  testicle,  in  the 
centre  of  which  there  is  an  irregular  circumscribed  abscess,  from  which  a  fistulous 
passage  extends  through  the  tunics  of  the  testicle  and  scrotum.  The  substance  of 
the  testicle  around  the  abscess  is  indurated.  The  history  of  these  cases,  however,  is 
imperfect,  and  they  may  serve  only  to  illustrate  the  progress  of  tuberculous  deposit. 

The  progress  of  tuberculous  deposit  in  the  testicle,  such  as  leads  to  suppuration, 
is  slow  and  attended  rather  with  discomfort  and  a  sense  of  weight  than  with  absolute 
pain.  A  dragging  sensation  extends  along  the  spermatic  cord,  and  the  patient  cannot 
bear  pressure.  As  the  morbid  deposit  softens  and  approaches  the  surface,  the 
integument  becomes  thin,  red,  and  tender ;  but  the  pain  is  generally  such  as  may 
be  readily  borne.  The  surgeon  may  make  an  opening  if  he  think  fit,  but  he  should 
remember,  and  warn  his  patient  against,  the  possibility  of  protrusion  of  the  tubuli 
seminiferi.  For  a  further  account  of  this  disease  the  reader  is  referred  to  the  Essay 
on  '  Diseases  of  the  Male  Organs.' 

The  treatment  of  abscesses  about  the  urethra,  prostate  gland,  or  rectum,  will  be 
found  more  fully  described  under  their  respective  headings.  I  may  here  remark, 
that  in  most  instances  a  free  and  early  opening  is  indicated,  not  only  for  the  relief  of 
pain,  but  to  prevent  damage  to  important  organs.  An  abscess  of  the  perinseum  may 
be  far  from  the  surface  ;  there  may  be  neither  pointing  nor  marked  redness  of  the 
skin  ;  fluctuation  may  be  very  indistinct,  but  the  pain  is  deep-seated  and  heavy,  and 
examination  finds  the  skin  brawny  and  resistant.  The  patient  should  be  put  on  his 
back  with  the  knees  raised,  and  a  knife  should  be  entered  deeply  either  in  the  mesial 
line,  or  obliquely  as  in  the  lateral  operation  of  lithotomy.  The  pus  is  often  thick 
and  generally  foetid,  and  its  evacuation  affords  the  patient  great  relief. 


110 


ABSCESS. 


There  is  occasionally  met  with  in  the  peiinaeum  a  form  of  abscess  which  is 
exceedingly  puzzling.  A  patient  will  complain  of  a  small  lump  in  his  perinaeuru. 
Upon  examination,  there  will  be  found  a  little  on  one  side  the  middle  line,  and  about 
an  inch  anterior  to  the  anus,  an  exceedingly  hard  lump  varyiDg  in  size  from  a  pea  to 
a  filbert.  It  may  not  be  very  tender,  and  there  are  no  other  symptoms  whatever. 
After  a  few  days,  during  which  this  little  lump  will  be  more  prominent  and  tender 
than  usual,  it  will  entirely  disappear  and  the  patient  will  consider  himself  well;  but 
yet  in  the  course  of  a  few  weeks  it  will  again  appear,  and  run  a  similar  course  as 
at  first,  and  so  matters  may  go  on  for  a  year  or  more,  until,  perhaps,  the  lump 
becomes  more  painful  and  larger  than  usual,  and  will  burst  into  the  rectum  or 
perinaeum,  giving  exit  to  matter  followed  by  urinary  fistula.  There  can  be  no  doubt 
that  these  cases  are  the  result  of  some  slight  infiltration  of  urine,  commonly  following 
on  gonorrhoea  or  slight  st  ricture.  A  minute  opening  exists  in  the  mucous  membrane 
of  the  urethra,  but,  instead  of  the  ordinary  symptoms  of  a  pet  inaeal  abscess  being  estab- 
lished, it  merely  produces  a  fistulous  tract  at  the  blind  extremity  of  which  a  small 
quantity  of  matter  collects,  causing  the  little  hard  swelling  felt  in  the  perinaeum. 
This  again  and  again  breaks  back  into  the  urethra  through  the  same  little  orifice 
which  gave  rise  to  the  oiiginal  extravasation,  until  on  some  occasion  it  is  unable  to 
do  so,  and  breaks  into  the  rectum,  or  on  the  surface.  These  cases  are  very  trouble- 
some to  treat ;  the  best  plan  is  to  seize  an  opportunity  when  the  lump  in  the  perinaeum 
is  well  marked,  and  make  a  free  incision  into  it.  Even  if  matter  be  not  let  out, 
in  the  course  of  a  day  or  two  a  few  drops  of  urine  from  the  incision  when  the 
patient  makes  water  will  show  that  the  sinus  has  been  tapped. 

There  is  generally  a  slight  contraction  in  the  urethra  at  the  site  of  the  internal 
opening,  which  can  be  cured  by  the  use  of  a  full  sized  catheter.  It  is  well,  however,  to 
explain  to  the  patient  that  a  temporary  urinary  fistula  will  result  from  the  incision. 

Post-pharanjeal  Abscess. — Abscesses  occasionally  form  in  the  areolar  tissue 
between  the  pharynx  and  the  bodies  of  the  vertebrae,  and  are  generally  dependent  upon 
caries  either  of  the  vertebrae  or  base  of  the  skull.  Sometimes  the  symptoms  of 
diseased  cervical  vertebrae  are  well  marked  by  the  arching  of  the  neck  and  rigidity  of 
the  sterno-mastoid  muscles.  This,  however,  may  be  absent,  and  a  soft  swelling 
behind  the  pharynx  at  the  back  of  the  mouth  may  be  the  only  evidence  of  the  disease. 
Such  abscesses  may  break  into  the  mouth,  or  make  their  way  to  the  surface  beside 
the  sterno-mastoid  muscle.  They  are  the  cause  of  great  distress,  and  occasionally 
give  rise  to  a  fatal  attack  of  spasmodic  dyspnoea.  They  should  be  opened  early  by  an 
incision  in  the  middle  line  of  the  pharynx  through  the  mouth.  If  any  attempt  be 
made  to  reach  the  matter  by  the  neck,  it  will  generally  fail.  Severe  and  fatal 
haemorrhage  is  occasionally  a  sequence  to  these  abscesses,  and  this  independent  of  any 
wound  made  for  their  relief. 

The  following  case  is  an  illustration.1  A  powerful  young  man,  aged  15, 
experienced  pain  and  swelling  at  the  back  of  the  throat,  with  inability  to  turn  the 
head  or  to  open  the  mouth.  There  was  a  painful  swelling  in  the  region  of  the  right 
parotid  ;  the  tonsils  were  normal ;  there  was  no  fever.  For  the  first  fourteen  days 
the  symptoms  were  sometimes  severer,  sometimes  easier ;  on  the  sixteenth  day  there 
was  haemorrhage  from  the  mouth  and  nose ;  on  the  eighteenth  spontaneous  opening 
of  the  abscess,  with  discharge  of  a  quantity  of  bloody,  wine-lees-coloured  matter. 
Behind  the  soft  palate  the  swelling  was  still  visible.  After  some  hours,  about  a  pint 
of  bright  blood  suddenly  flowed  from  the  mouth  and  nose  — its  source  was  never 
discovered.  Four  days  afterwards  there  was  a  fresh  discharge  of  blood,  in  this 
instance  from  the  mouth  alone,  and  on  the  following  day  a  yet  severer  haemorrhage 
from  the  nostrils.  The  external  swelling  became  larger  and  more  painful.  The 
abscess  opened  a  second  time  in  the  fourth  week,  under  precisely  similar  circum- 
stances, with  ease  to  the  patient,  the  cessation  of  cough,  <fcc.  The  internal  swelling 
pressed  the  uvula  forward,  but  diminished  in  accordance  with  that  situated 
externally.  The  patient  died  suddenly  during  the  night  from  severe  haemorrhage, 
which  had  recurred  after  an  interval  of  fourteen  days.    On  examination  after  death, 

1  Wurtetnb.  Corvatp.  Blatt.  xiv. 
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a  carious  piece  of  bone  was  found  on  the  front  surface  of  the  body  of  the  atlas.  In 
the  cellular  tissue,  between  the  tonsil  and  parotid  gland  and  about  the  branches  of 
the  carotid  artery,  there  was  a  cavity,  the  size  of  a  hen's  egg,  filled  with  bloody 
coagulum.  The  immediate  source  of  the  haemorrhage  was  still  uncertain.  There 
were  two  small  openings  through  the  wall  of  the  abscess  into  the  moiith. 

The  formation  of  abscesses  may  occupy  either  a  few  days  or  several  months  ;  and 
we  are  justified  in  applying  to  the  former  the  term  '  acute,'  and  the  latter  '  chronic ; ' 
but  we  must  remember  that  between  these  two  the  '  shades  are  infinite.' 

The  term  abscesfroid — cold  abscess — is  applied  to  such  a  case  as  the  following.  'A 
man,  set.  65,  while  nursing  his  wife,  who  was  dying  of  a  lingering  disease,  fell  from 
a  chair  overpowered  with  sleep  three  weeks  previously.  He  was  admitted  into  St. 
Bartholomew's  Hospital,  April  7,  1857,  with  a  large  abscess,  unattended  with  heat, 
redness,  or  pain,  situated  in  the  right  thigh.  An  opening  was  made  by  Sir  W. 
Lawrence,  and  three  quarts  by  measurement  of  thick  purulent  fiuid  were  evacuated. 
The  opening  was  then  closed,  and  the  case  ultimately  did  well.  Such  abscesses  may 
form  in  any  part  or  tissue  of  the  body.  They  may  be  small  or  large ;  the  cyst 
thick  or  thin.  They  may  slowly  come  to  the  surface,  or  remain  stationary  for  years. 
The  cyst  may  be  so  full  as  to  present  a  tumour  of  incompressible  har  dness ;  or  it 
may  be  thick-walled  and  contain  only  a  moderate  amount  of  fluid.  In  the  latter 
case  it  may,  upon  examination,  convey  to  the  fingers  the  sensation  of  a  sharp  rim  of 
bone  with  a  depressed  centre,  such  as  is  common  in  cases  of  extravasation  of  blood 
under  the  scalp.  Mr.  Erichsen  attended  with  Dr.  Boott  a  gentleman  who  had  a 
large  abscess  in  the  iliac  fossa,  which  had  been  perfectly  stationary  for  nearly  two 
years.  '  In  the  cancellous  tissue  of  bone,'  observes  the  same  surgeon,  '  abscesses 
may  exist  for  an  indefinite  period,  unless  opened  by  surgical  operation.'  To  Sir  B. 
Brodie  is  due  the  merit  of  first  directing  the  attention  of  the  profession  to  the  last 
class  of  cases,  and  of  pointing  out  how  relief  is  to  be  obtained  from  pain  by  the 
timely  use  of  the  trephine,  as  well  as  how  the  extension  of  the  disease  towards  a  neigh- 
bouring joint  is  arrested  by  the  evacuation  of  the  cyst  {vide  '  Diseases  of  Bone  '). 

Inflammation  and  suppuration  of  the  hand  scarcely  comes  under  the  strict  defini- 
tion of  an  '  abscess.'  The  same  remark  applies  to  suppuration  within  the  thecpe  of 
tendons.  In  both  these  instances  we  commonly  have  an  absence  of  that  distinct 
cyst  which  gives  to  an  abscess  its  distinguishing  characteristic.  Yet  we  should  not 
pass  over  in  silence  so  important  a  disease,  which,  as  it  occurs  for  the  most  part  from 
accident  in  the  vigorous  and  healthy,  requires  some  peculiarity  in  treament.  Acute 
inflammation  of  the  hand  may  supervene,  on  a  comparatively  trifling  injury,  such  as 
a  wound  with  a  small  splinter  of  wood,  or  a  scratch  with  a  piece  of  bone.  In  the 
course  of  a  few  days  the  hand  and  forearm  become  red,  swelled,  and  tense,  the  former 
being  by  comparison  twice  the  thickness  of  the  normal  member.  Abscesses  may 
form  both  on  the  back  and  palm  of  the  hand  ;  or  suppuration  may  ensue  in  the 
thecse  of  the  tendons,  and  spread  under  the  annular  ligament  among  the  muscles  of 
the  forearm.  The  hand  is  heavy;  the  fingers  stiff  and  semiflexed;  the  patient  is 
deprived  of  rest,  and  has  no  appetite;  the  tongue  is  furred,  and  the  pulse  of  the 
affected  side  beats  with  twice  the  fulness  and  force  of  that  on  the  opposite.  If  the 
disease  be  not  checked,  the  tendons  slough,  or  become  contracted ;  the  muscles  get 
glued  together  ;  portions  of  the  phalanges  may  die  and  exfoliate  ;  and  the  patient 
after  months  of  suffering,  recovers  with  a  useless  limb.  From  considerable  experience 
in  the  treatment  of  these  accidents,  I  should  say  that  the  abstraction  of  blood  from 
the  inflamed  limb  most  effectually  relieves  the  engorgement  of  the  blood-vessels. 
The  pain,  previously  excruciating,  becomes  more  supportable ;  while  the  parts  are 
soon  ready  to  resume  their  normal  state.  In  the  class  of  cases  here  alluded  to  we 
have  not  so  often  to  deal  with  an  enfeebled  constitution.  The  attack  is  of  purely  local 
origin,  and  is  proportionately  sharp  and  severe.  It  is  surprising  how  small  an 
amount  of  disease,  in  this  part  of  the  body,  will  excite  almost  insupportable  suffering. 
During  the  month  of  October,  1859,  a  woman  who  had  had  suppuration  at  the  end  of 
the  last  phalanx  of  the  forefinger,  came  to  St.  Bartholomew's  Hospital.  For  several 
days  and  nights  she  had  been  ceaselessly  racked  with  pain,  which  nothing  except 
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large  doses  of  morphine  could  alleviate.  In  more  violent  forms  the  inflammation 
may  spread  to  the  wrist-joint,  when  death  of  the  carpal  hones  ensues,  and  the  move- 
ments of  the  hand  become  permanently  impaired.  Suppuration  along  the  thec?e  will 
be  followed  by  contraction  of  one  or  more  of  the  fingers  from  adhesion  of  the  tendons 
to  the  sheath. 

It  is  most  important  in  these  cases  that  an  early  incision  should  be  made. 
Although  the  matter  may  not  at  once  escape  through  the  incision,  it  will  generally 
in  a  short  time  avail  itself  of  the  opening  to  find  its  way  to  the  surface.  Care  is 
required  in  making  these  incisions,  for  should  the  palmar  arch  be  wounded,  the 
most  troublesome  consequences  may  ensue.  If  the  palm  extending  between  the 
clefts  of  the  fingers  and  the  annular  ligament  be  divided  into  three  parts,  an  incision 
should  never  be  made  further  back  than  the  line  of  junction  between  the  middle 
2">art  and  the  part  towards  the  fingers.  The  palmar  arch  may  thus  be  avoided,  and 
by  making  the  incision  in  a  line  with  the  axis  of  the  fingers,  the  digital  branches 
will  avoid  injury.  The  cut  must  be  made  so  that  the  edge  of  the  knife  is  towards 
the  fingers,  the  back  towards  the  wrist. 

General  Treatment  of  Abscess. — This  depends  partly  upon  whether  it  be  acute  or 
chronic,  and  the  particular  locality  in  which  it  may  be  situated.  As  a  rule,  in  acute 
abscess  nothing  answers  better  than  keeping  the  parts  moist  and  warm  with  a  well- 
made  linseed  poultice,  and  the  abscess  should  not  be  opened  until  fluctuation  can  be 
detected.  After  the  first  symptoms  of  inflammation  it  is  seldom  that  matter  collects 
in  a  definite  cavity  till  the  third  or  fourth  day  at  the  earliest.  If  the  abscess  be  in 
a  position  removed  from  important  blood-vessels,  a  narrow-bladed  knife  may  be 
quickly  and  boldly  passed  into  the  abscess  cavity.  By  slightly  rotating  the  knife 
on  its  long  axis,  the  pus  will  well  up  at  the  side — an  indication  that  it  has  penetrated 
to  the  necessary  depth.  The  opening  may  then  be  enlarged,  as  the  knife  is  with- 
drawn. The  opening  should  always  be  made  in  the  most  dependent  part,  so  as  to 
allow  of  a  free  drainage.  An  india-rubber  drainage-tube  should  be  put  into  the 
cavil  y  to  insure  that  the  opening  remains  patent.  It  is  better  not  to  squeeze  the  part, 
but  to  allow  the  matter  which  does  not  come  away  on  the  first  incision  to  drain 
slowly  into  the  poultice,  with  which  it  should  be  covered. 

There  are  certain  localities  in  which  matter  forms,  when  the  surgeon  should  not 
wait  till  it  comes  near  the  surface,  for  there  may  be  danger  that  it  may  break  into 
some  serous  or  mucous  cavity  with  a  disastrous  result,  or,  from  the  difficulty  which 
it  has  in  reaching  the  superficial  parts,  it  may  cause  extensive  destruction  of  the 
tissues  in  which  it  lies,  or  produce  dangerous  symptoms  from  the  effect  of  pressure. 

In  the  following  situations,  so  soon  as  the  formation  of  matter  is  suspected,  an 
early  opening  should  be  made.  Even  if  the  matter  be  not  tapped  at  the  time,  it 
will  nearly  always  after  a  few  hours  take  advantage  of  the  easy  route  thus  established 
to  the  surface.  1.  Abscess  in  the  neighbourhood  of  the  joints.  2.  Abscess  in  the 
abdominal  walls.  3.  Abscess  in  the  neck,  if  producing  symptoms  of  dyspnoea. 
4.  Abscess  in  the  palm  of  the  hand.  5.  Abscess  beneath  the  periosteum  (acute 
periostitis). 

In  the  opening  of  abscesses  deeply  situated,  serious  hasmorrhage  may  result  from 
too  free  use  of  the  knife.  Doubtless  the  unexpected  arterial  bleeding  which 
sometimes  occurs  in  these  circumstances  is  due  to  the  dilatation  of  even  compara- 
tively small  vessels  in  the  immediate  neighbourhood  of  the  inflammation.  In 
abscesses  deeply  situated  it  is  better,  instead  of  making  a  hazardous  plunge  with  the 
knife  to  an  unknown  depth,  that  the  patient  should  be  put  under  an  anaesthetic,  and 
an  incision  carefully  made  through  the  superficial  structures.  A  steel  blunt-pointed 
director  can  then  be  pushed  onwards  into  the  abscess  cavity,  which,  when  reached, 
can  be  opened  by  passing  down  the  closed  blades  of  a  narrow  pair  of  dressing  forceps 
along  the  groove  in  the  director.  When  the  blades  are  fairly  within  the  cavity,  they 
may  be  opened  to  an  extent  sufficient  to  give  free  exit  to  the  matter.  This  is  called 
'  Hilton's  method.'  Two  difficulties  may  arise.  The  incision  made  for  matter  may 
result  in  a  '  dry  tapping,'  for  the  matter  may  not  be  found.    This  need  not  cause 
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anxiety,  for  the  matter  will  almost  certainly  after  a  while  find  its  way  through  the 
incision.  The  second  trouble  that  may  arise  is  from  haemorrhage.  It  is  not  pleasant 
to  have  to  deal  with  a  bleeding  of  your  own  making.  If  Hilton's  method  be  adopted 
for  deep  abscesses,  dangerous  haemorrhage  can  seldom  arise.  The  bleeding,  often  so 
severe  at  first,  really  arises  from  the  abnormal  dilatation  of  small  vessels,  and  stops 
spontaneously.  If  this  is  not  the  case,  the  part  may  be  thoroughly  syringed  with 
cold  water  and  pi-essure  applied  to  it  by  strapping. 

In  the  rare  cases  in  which  bleeding  arises  from  a  large  vessel  opening  into  the 
abscess  cavity,  it  more  often  occurs  a  few  days  after  evacuating  the  matter  than  at 
the  time  of  the  incision.  There  can  be  no  doubt  that  the  right  treatment  is  freely 
to  lay  open  the  abscess  cavity,  and,  if  possible,  secure  the  bleeding  point.  If  this 
fail,  pressure,  or  even  distal  ligature,  must  lie  resorted  to.  This  matter  of  arterial 
haemorrhage  will  be  found  treated  in  another  chapter. 

Chronic  A bscess. —  The  practice  of  opening  chronic  abscesses  was  formerly  con- 
demned, for  it  was  frequently  noticed  that  an  abscess  which  might  have  been  slowly 
forming  for  many  months,  causing  little  inconvenience,  and  no  constitutional  disturb- 
ance, within  a  few  days  of  its  being  opened  gave  rise  to  grave,  and  even  dangerous, 
disturbance.  The  matter  which  was  first  let  out  was  often  healthy  pus.  But 
within  a  few  days  of  the  opening  the  flow  of  matter  would  become  very  copious, 
assuming  an  offensive  odour,  while  at  the  same  time  a  rise  in  temperature,  and 
general  febrile  symptoms,  caused  the  patient  rapidly  to  become  hectic,  and  death 
occasionally  resulted.  It  is  more  than  probable  that  the  same  consequences  would 
have  followed  had  the  abscess  been  allowed  to  break  of  itself.  But,  at  any  rate,  the 
disaster  would  be  for  a  time  postponed.  It  is  now  certainly  known  that  such  a 
chain  of  symptoms  is  not  the  necessary  consequence  of  opening  a  chronic  abscess,  but 
is  the  effect  of  decomposition  set  up  within  the  cavity  by  the  presence  of  micro- 
organisms.  If  due  precaution  be  taken  to  exclude  the  air  from  these  cavities,  evacua- 
tion may  be  accomplished  without  danger.  The  bottle  aspirator  is  a  useful  apparatus 
for  emptying  a  chronic  abscess.  The  puncturing  troca  r,  previously  soaked  in  carbolic 
lotion,  should  not  be  too  small,  for  if  so  it  is  very  liable  to  become  clogged,  and  the 
aspirator  will  not  work.  In  the  event  of  failure  in  this  instrument,  the  cavity  may 
be  treated  in  the  usual  way  by  incision  with  the  use  of  the  drainage-tube ;  but  this  can 
only  be  safely  accomplished  by  taking  the  strictest  antiseptic  precautions  both  in  the 
operation  and  the  subsequent  dressings. 

Eree  drainage  from  an  abscess  cavity  is  of  the  utmost  importance.  The  retention 
of  any  secretion,  especially  if  it  be  decomposing,  gives  rise  to  a  serious  train  of  symp- 
toms. The  neighbouring  parts  will  become  painful  and  cedematous.  The  tempera- 
ture will  rise,  and  well-marked  febrile  symptoms  will  be  developed.  From  this 
necessity  of  drainage  an  opening  shoidd always  be  made  in  the  most  dependent  part; 
but  if  this  at  first  be  impracticable,  it  may  be  subsequently  accomplished  by  passing 
a  strong  steel  probe  into  the  abscess  cavity  through  the  original  opening,  and  then 
pushing  its  point  towards  the  most  dependent  part  till  it  can  be  felt  beneath  the  skin. 
It  may  then  be  cut  clown  upon,  and  drawn  through  with  the  drainage-tube  attached. 
Much  can  be  done  to  prevent  bagging  of  pus,  both  by  attention  to  the  position  of  the 
patient  and  by  the  careful  application  of  pressure  by  means  of  strapping.  In  this 
way  the  sides  of  the  abscess  may  be  brought  in  contact,  and  may  unite.  Thus  the 
cavity  is  reduced  to  a  mere  sinus,  which  will  gradually  close  as  the  drainage-tube  is 
shortened  day  by  day. 

When  the  discharge  from  an  abscess  has  from  any  cause  become  offensive,  the 
most  beneficial  results  follow  the  syringing  of  the  cavity  twice  a  day  with  spirits  of 
wine,  with  which  twenty  grains  of  iodoform  to  the  ounce  is  mixed.  A  temperature 
which  has  been  high  for  some  weeks  is  often  reduced  to  normal,  after  a  few  appli- 
cations of  this  lotion. 

Holmes  Coote,  1870. 

W.  Harrison  Cripps,  1882. 
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SINUS  AND  FISTULA. 

FISTULA  and  Sinus,  terms  of  nearly  similar  meaning,  are  the  surgical  names  of 
(1)  long,  narrow,  suppurating  canals  (e.g.  fistula  in  ano,  mammary  sinus,  <fcc.)  ; 

(2)  canals  giving  unnatural  exit  to  secretions  (e.g.  gastric  fistula,  biliary  fistula)  ;  and 

(3)  unnatural  apertures  of  communication  between  mucous  canals  or  cavities  (e.g. 
vesico- vaginal  fistula).  If  a  distinction  is  to  be  made  between  the  terms,  fistula 
should  be  applied  to  the  second  and  third  of  the  above-named  three  forms  of  disease, 
and  to  those  examples  of  the  first  form  in  which  the  suppurating  canal  has  two 
openings ;  and  sinws  should  be  applied  exclusively  to  those  of  the  first  form  in  which 
the  canal  has  but  one  opening.  In  these  meanings  the  two  names  will  be  here  used, 
although  the  diseases  to  which  they  are  applied  have  so  many  things  in  common 
that  it  is  advisable  to  consider  them  under  one  heading. 

If  we  except  the  fistulse,  or  fistulous  openings,  that  are  formed  by  direct  communi- 
cation of  two  closely-adjacent  canals,  as  the  vesico-vaginal,  or  the  vagino-rectal,  the 
most  general  characters  of  fistulse  and  sinuses  are,  that  they  are  canals  of  much  less 
width  than  length,  lined  with  ill-formed  granulations,  discharging  a  diseased  puru- 
lent fluid.  The  canal  may  be  of  equal  width  throughout,  as  in  many  perineal  and 
anal  fistulse ;  or,  being  narrow  at  one  end,  it  may  at  the  other  dilate  into  a  large 
cavity,  as  in  many  cases  of  sinus  in  the  breast  or  the  subcutaneous  tissue.  No 
general  account  can  be  given  of  the  length,  or  direction,  or  branchings  of  such 
canals ;  in  all  these  respects  there  are  multiform  varieties.  So,  of  their  number  in 
any  part :  one  is  more  common  than  two  or  more ;  but  ten,  or  perhaps  more,  may 
exist,  as  in  the  worst  cases  of  urinary  fistula?. 

In  structure,  the  walls  of  fistulse  and  sinuses  differ  according  to  their  duration 
and  many  other  circumstances.  When  they  have  existed  long,  e.y.  for  one  or  more 
years,  and  are  not  inflamed,  the  walls  are  commonly  hard,  '  callous,'  not  highly 
sensitive  or  easily  bleeding,  and  formed  of  condensed  connective  tissue,  inseparable 
from  the  adjacent  structures.  In  the  more  recent  states,  the  walls  are  soft,  like 
ordinary  layers  of  recent  granulation,  sensitive,  readily  bleeding,  and  easily  broken 
through.  In  diseased  states,  they  may  be,  as  the  surfaces  of  ulcers  may  be,  inflamed, 
spongy  or  o^dematous,  exquisitely  sensitive,  or  sloughing. 

In  correspondence  with  these  differences  in  the  obvious  characters  of  the  walls  of 
fistula?  and  sinuses,  the  granulations  lining  them  are  various.  In  old  cases,  they  are 
dense  and  firm,  smooth  on  their  free  surface,  with  scarcely  a  trace  of  granular  or 
papillary  arrangement.  In  recent  cases  they  are  often  coarsely  granular,  dusky,  and 
soft.  In  all  cases,  they  are  unhealthy,  having  little  or  none  of  that  tendency  to 
mutual  union,  or  the  development  of  cuticle,  which  belongs  to  the  typical  gi'anula- 
tions  of  healing  wounds  and  idcers.  And  this  unhealthiness  may  be  traced  in  their 
minute  structure ;  for,  of  the  granulation-cells,  few  show  marks  of  healthy  develop- 
ment, and  many  are  granular,  or  filled  with  fatty  particles,  or  not  distinguishable 
from  pus  cells,  or  imbedded  in  molecular  debris-like  substance. 

The  pus  agrees  with  this  character  of  the  granulations.  It  is  never  like  that  of 
a  healing  wound  (the  type  of  good  pus)  unless  the  fistula  or  sinus  be  healing;  but  is 
thin,  watery,  turbid,  or  flocculent.  Moreover,  it  may  be  mixed  with  the  secretions 
of  the  part  into  which  the  fistula  opens — as  urine,  fnecal  matter,  saliva,  &c. 

The  orifices  of  fist  nice,  by  their  varieties,  determine  certain  designations.  If 
there  lie  two,  the  fistula  (or  sinus,  as  some  would  still  name  it)  is  called  complete  or 
open  ;  if  only  one,  incomplete,  closed,  blind,  or  occult ;  if  the  one  orifice  open  through 
integument,  the  fistula  is  called  external ;  if  into  a  mucous  cavity  or  canal,  internal. 
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The  external  or  integumental  orifice  is  commonly  very  small  ;  so  small  that  it 
oftens  closes,  or  is  covered  with  a  thin  scab,  till  discharge  accumulating  beneath 
breaks  it  open  again.  Often,  when  the  walls  of  the  canal  are  soft  and  (edematous, 
as  in  cases  of  abiding  irritation  from  a  foreign  body,  or  from  dead  or  diseased  bone, 
a  small  lobe  of  soft  granulations—vulgarly,  proud  flesh — projects  at  and  conceals  the 
orifice,  or  elevates  it  above  the  surrounding  skin.  In  very  chronic  cases,  the  outer 
orifice  is  often  depressed  in  hard  and  thickened  integument,  and  is  like  a  hole  in  a 
scar  j  in  some  more  recent  cases,  especially  near  the  anus,  it  is  wide  and  with  com- 
pressed margins,  like  those  of  the  Eustachian  tube. 

The  internal  orifice  has  fewer  varieties.  It  may  be,  or  form  part  of,  a  deep  ulcer 
of  mucous  membrane;  but,  more  commonly,  it  is  a  simple  round  opening,  through 
apparently  healthy  membrane,  level  with  or  slightly  upraised  from  the  surrounding 
surface. 

The  structures  through  which  a  fistida  or  sinus  passes  may,  in  recent  cases,  be 
little  changed;  in  old  cases  they  are  usually  hardened  just  round  it;  and  where 
repeated  suppurations  have  taken  place,  forming  new  canals  or  branches  of  those 
already  existing,  it  is  common  to  find  all  the  adjacent  structures  confused  in  a  hard, 
brawny,  sodden  substance,  covered  with  coarse  granular  or  almost  warty  skin. 
Such  is  the  state  in  many  of  the  woi-st  old  cases  of  perineal  and  rectal  fistulse. 
Where  sinuses  extend  into  bone,  the  immediately  surrounding  bone  is,  in  recent 
cases,  usually  soft  or  not  obviously  changed  in  structure ;  but  in  those  of  long  stand- 
ing it  is  commonly  solidified  and  hardened,  forming  a  kind  of  compact  osseous  canal 
or  cavity  hned  with  a  firm,  smooth  layer  of  granulations. 

The  foregoing  account  relates  exclusively  to  the  fistula?  and  sinuses  that  open 
through  either  the  integument  or  a  mucous  surface,  or  through  both.  When  a  fistula 
is  a  communication  between  two  mucous  cavities  or  canals,  as  in  the  vesico-vaginal, 
recto-urethral,  and  others  of  the  like  kind,  the  state  of  parts  may  be  similar  to  any 
of  those  just  described,  if  the  origin  of  the  fistula  were  in  suppuration  between  the 
two  cavities.  But  if  its  origin  were  in  sloughing,  or  violence,  or  wound,  the  fistula 
is  more  commonly  like  a  simple  short  canal  or  aperture  between  the  two  cavities, 
and  the  boundaries  of  the  aperture  are  not  granulating  or  suppurating  surfaces,  but 
like  healing  or  healed  wounds.  In  the  latter  case  the  edges  of  the  aperture  are 
scarred,  and  the  respective  mucous  membranes  of  the  two  cavities  are  continuous 
over  them. 

The  modes  of  formation  of  fistula?  and  sinuses  are  numerous,  but  may  be  referred 
to  three  chief  divisions,  as  dependent  on  abscess,  wound,  or  gangrene  and  ulceration.1 

Abscess  is  by  far  the  most  frequent  origin  of  these  diseases.  The  simplest  cases  of 
sinus  (or  incomplete  fistulse)  are  those  in  which  an  abscess,  with  a  comparatively 
large  cavity  formed  in  loose  tissue,  has  an  opening  too  small  for  the  discharge  of 
its  contents.  The  chances  of  such  an  abscess  becoming  sinuous,  through  defect  of 
healing,  are  increased  if  a  great  part  of  its  cavity  is  below  its  opening  and  is  '  bagging,' 
or  if  the  cavity  is  deep,  and  the  opening  traverses  textures  of  various  densities,  as 
muscle,  or  tough  fascia,  or  the  mammary  gland.  In  these  cases,  which  include  a 
great  proportion  of  the  sinuses  extending  under  muscles,  as  the  orbicularis,  glutei, 
and  rectus  abdominis,  or  under  fascia?,  as  those  in  the  calf  and  thigh  and  pelvis,  the 
hindrances  to  healing  are  chiefly  mechanical.  The  pus  cannot  get  away  so  fast  as  it 
is  formed,  and  it  not  only  keeps  the  walls  of  the  abscess  apart,  but  irritates  and 
presses  them  till,  even  though  they  may  be  very  nearly  in  contact,  they  will  not 
cicatrise  or  unite. 

The  tendency  of  an  abscess  to  become  sinuous  through  mechanical  hindrances  to 
healing  is  greatly  increased  by  coincident  disease,  whether  constitutional  or  local. 
Hence  the  greater  frequency  of  sinuses  after  chronic  than  after  acute  abscesses, 
because  the  former  generally  occur  in  those  of  defective  health ;  and  hence,  in  part, 
the  frequency  of  rectal  fistula  in  the  phthisical.  In  like  manner,  fistulse  and  sinuses 
are  especially  likely  to  remain  after  suppuration  in  strumous  inguinal  and  cervical 

1  Congenital  fistulse,  such  as  the  branchial,  urachal,  and  others,  are  not  considered  here. 
We  know  their  anatomical,  hut  not  usually  their  pathological,  origin. 
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lymph-glands,  or  in  a  strumous  testicle,  or  in  the  tissue  about  a  diseased  rectum, 
vagina,  or  urethra. 

Another  group  of  cases  of  sinuses  (or  incomplete  fistula?)  are  to  be  referred  to  the 
formation  of  abscess  in  connection  with  the  presence  of  foreign  bodies  or  some  abid- 
ing irritation,  as  dead  or  diseased  bone  or  tooth.  Such  are  the  sinuses  connected 
with  necrosis,  caries,  diseased  joint ;  the  so-called  dental  fistula,  leading  to  a  dead  or 
diseased  tooth-fang  ;  the  sinuses  leading  to  bullets  or  other  foreign  bodies. 

Abscess  is,  again,  the  most  frequent  origin  of  complete  fistula.  Thus,  an  abscess 
forming  in  the  neighbourhood  of  the  rectum,  after  burrowing  in  the  soft  adjacent 
tisssue  till  it  nearly  lays  bare  the  wall  of  the  bowel,  may  open  or  be  opened  through 
the  integument  by  the  anus.  At  any  time  after  its  discharge,  but  usually  soon  after, 
ulceration  through  the  bared  and  thinned  wall  of  the  rectum  forms  its  second  or 
internal  opening,  and  the  contracting  abscess  becomes  a  fistula.  So,  a  perineal 
abscess  may  first  discharge,  through  the  integument  and  then  open  into  the  urethra. 
But  in  either  situation  the  course  of  events  may  be  other  than  this,  i.e.  an  abscess 
may  open,  first  into  the  mucous  canal,  and  then  through  the  integument;  or  ulcera- 
tion from  within  the  mucous  canal  may  penetrate  its  wall,  and  give  rise  to  the 
formation  of  an  abscess  external  to  it,  which  may  then  open  through  the  integument, 
and  thus  finish  what  is  requisite  for  a  complete  fistula. 

In  an  old  case  of  fistula  it  may  be  impossible  to  determine  in  which  of  the  three 
modes  of  formation  just  indicated  it  had  its  origin,  for  the  result  is  in  all  the  same. 
But  the  observation  of  cases  in  process  of  formation  makes  it  certain  that  the  order 
of  events  may  be  thus  threefold  ;  and  proves  that  there  is  a  remarkable  liability  both 
to  the  formation  of  abscess  in  the  immediate  vicinity  of  disease  in  a  mucous  canal, 
and  to  the  penetration  of  the  walls  of  the  canal  by  ulceration  extending  from  a 
discharged  abscess.  And  the  liability  is  not  exhausted  by  the  formation  and  dis- 
charge of  a  single  abscess;  for  it  is  to  the  repetition  of  similar  events  that  we  must 
ascribe  the  multiplication  of  branches  and  new  tracks  of  fistulas,  which  are  so  fre- 
quent in  the  neighbourhood  of  diseases  of  the  rectum,  urethra,  and  other  canals  and 
cavities. 

Wounds  may  be  the  origins  of  sinuses  and  fistula3,  in  the  simplest  manner,  when 
they  pass,  with  long  or  tortuous  tracks,  through  many  structures,  and  do  not  quickly 
heal.  Thus,  gun-shot  wounds  may  become  sinuous,  even  though  no  foreign  bodies 
remain  in  them ;  and  parts  of  the  wounds  of  stumps  that  have  become  indurated 
may,  without  death  or  disease  of  the  bone,  remain  unhealed,  though  contracted  into 
the  shape  of  canals.  But  with  much  greater  frequency  wounds  lead  to  the  forma- 
tion  of  fistulse  when  they  penetrate  mucous  cavities  or  canals,  and  give  exit  to 
secretions,  such  as  urine  or  saliva.  The  chance  of  their  doing  so  is  greatly  increased 
when  the  secretion  can  escape  through  them  more  easily  than  through  its  natural 
passage.  Thus  a  cut  into  a  healthy  urethra  is,  on  the  whole,  rarely  followed  by 
urinary  fistula ;  but  a  cut  into  one  behind  a  stricture  seldom  fails  to  become  fistulous 
unless  the  stricture  be  cured.  In  like  manner,  the  opening  of  tracheotomy  often 
fails  of  healing  when  the  operation  has  been  performed  for  disease  leading  to  con- 
traction of  the  glottis  ;  for  the  artificial  opening  will  give  easier  passage  to  the  air 
than  the  natural  one. 

Ulceration  and  sloughing  may  in  many  evident  ways  give  rise  to  fistula.  As 
already  mentioned,  ulceration  through  the  wall  of  the  rectum  may  lead  to  abscess 
external  to  it,  and  the  abscess  may  open  through  the  skin  ;  or  ulceration  behind  or 
through  a  stricture  of  the  urethra  may  lead  to  urinary  abscess  and  fistula.  But 
without  abscess  formation,  a  sloughing  or  phagedenic  ulceration,  or  a  spreading 
gangrene,  may  lay  open  the  urethra  or  any  other  canal  or  cavity,  and  the  opening 
may  become  fistulous.  Cancerous  ulceration  is  a  frequent  cause  of  fistulous  com- 
munications between  the  bladder  and  vagina,  or  vagina  and  rectum,  or  other  adjacent 
canals;  and  sloughing  of  the  walls  of  the  vagina  and  bladder  is  the  most  frequent 
cause  of  the  vesico-vaginal  fistula?  after  tedious  parturition. 

The  general  pathology  of  fistulse  and  sinuses  which  is  here  recorded  will  receive 
full  illustration  in  later  portions  of  the  work,  in  the  essays  relating  to  diseases  of 
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particular  organs,  as  the  rectum,  urethra,  &c.  In  them,  also,  the  several  methods  of 
treatment  appropriate  to  the  disease  in  each  locality  will  be  described.  Here  only 
the  general  methods  and  principles  of  treatment  will  be  considered. 

The  methods  of  treatment  may  be  thus  enumerated  :  general  improvement  of  the 
health  :  removal  of  foreign  bodies  or  occasional  irritants ;  pressure ;  drainage ;  in- 
jection ;  seton ;  cautery ;  laying-open:  tent;  plastic  operation. 

General  improvement  of  the  health  may  be  necessary  for  the  healing  of  any  fistula 
or  sinus,  but  chiefly  it  is  so  for  those  which  follow  chronic  abscess  connected  with  a 
strumous  constitution,  or  which  remain  in  the  incomplete  healing  of  deep  abscesses 
or  wounds,  as  of  stumps.  Many  such  an  one,  after  remaining  long  unchanging  in  a 
hospital,  has  healed  in  other  air;  or,  in  an  ill-fed  patient,  has  healed  with  good  food. 
The  general  condition  of  the  health  is  always  to  be  looked  to ;  but  the  special  means 
of  remedying  its  defect  (if  any  exist)  must  be  determined  for  each  case  separately. 

The  removal  of  foreign  bodies,  or  of  occasional  irritants,  such  as  excretions  when 
they  flow  over  fistula?,  is  an  obvious  remedy.  But  it  is  not  always  sufficient ;  for  the 
walls  of  the  fistula  may  have  become  so  diseased  that  the  removal  of  the  original 
cause  of  its  formation  may  leave  them  too  unsound  for  healing.  These,  however, 
are  only  occasionally  disappointing  exceptions  to  the  rule  that  the  removal  of  a 
foreign  body,  e.g.  of  a  piece  of  dead  bone,  a  bullet,  a  ligature,  a  dead  or  diseased 
tooth,  or  any  other,  is  followed  by  the  healing  of  any  sinus  or  fistula  connected  with 
it.  Similarly,  healing  generally  follows  when,  for  example,  in  a  recent  case  of 
urinary  perineal  fistula,  the  passage  of  urine  by  the  urethra  is  made  so  completely 
free  that  none  passes  the  wrong  way,  or  when,  in  an  older  case,  all  the  urine  is  with- 
drawn with  a  catheter. 

Pressure  is  seldom  effectual  for  the  cure  of  any  fistula  or  sinus,  except  those  that 
are  recent  and  subcutaneous,  or  in  a  part  which  can  be  very  uniformly  compressed 
against  an  unyielding  surface,  as  the  mammary  gland.  In  these,  or  in  stumps,  it 
may  often  be  used  with  good  effect ;  but  in  older,  deeper,  and  more  complicated 
cases,  it  is  scarcely  worth  trial. 

Drainage, — for  which  the  perforated  caoutchouc  tube  of  M.  Chassaignac  is  a 
very  happy  invention,  and  the  spiral  wire  tube  of  Mr.  Robert  Ellis  1  is  better — is 
applicable  to  a  great  number  of  cases  ;  but  chiefly  to  those  in  which  a  sinus  or  in- 
complete fistula  depends  mainly  on  pus  collecting  at  a  level  below  or  distant  from 
the  aperture  of  discharge,  or,  more  generally,  when  pus  is  apt  to  be  retained. 
Numerous  instances  of  suppurating  tracks  about  diseased  joints,  or  following  chronic 
abscesses,  or  lying  deep  in  a  limb  or  mammary  gland,  or  in  the  course  of  suppurat- 
ing lymph-glands,  are  of  this  kind.  In  some  of  these  cases  it  is  sufficient  to  make  a 
counter-opening,  through  which  the  pus  may,  by  its  own  weight,  flow  away  :  but 
when  this  is  insufficient,  a  drainage-tube  should  be  inserted  in  the  whole  length  of 
the  canal,  for  the  sake  of  its  use  in  both  securing  the  exit  of  pus  and  acting  as  a 
seton. 

Injection  of  stimulant  fluids  is  chiefly  useful  for  long  sinuses  of  old  standing, 
running  deep,  and  where  counter-openings  cannot  be  safely  made.  Such  are  many 
of  those  that  follow  pelvic  abscess,  or  lumbar  or  iliac  abscess,  not  connected  with 
diseased  bone  (for  where  bone  is  diseased,  injection  is  very  rarely  useful).  It  may 
be  used  also  with  success  in  sinuses  leading  into  diseased  lymph-glands.  The  best 
materials  are,  the  compound  tincture  of  iodine ;  or  solutions  of  iodine  in  water,  in 
the  proportion  of  from  5  to  10  grains  of  iodine,  and  10  to  20  grains  of  iodide  of 
potassium  to  the  ounce  of  water;  or  carbolic  acid  more  or  less  diluted. 

Setons  may  find  their  use  in  many  of  the  same  cases  as  drainage-tubes,  but  are 
seldom  preferable  to  them,  since  the  tubes  not  only  act  as  setons,  but  secure  the 

1  These  drainage-tubes  consist  of  a  spiral  coil  of  very  fine  hard  brass  wire.  They  are 
easily  made  of  any  required  length  or  size  by  rolling  the  wire  over  a  fine  steel  rod,  either  by 
hand,  or  better,  by  means  of  an  ordinary  lathe,  if  necessary,  they  are  quickly  electro-gilt 
by  a  solution  of  cyanide  of  gold.  They  are  introduced  by  an  ordinary  director,  and  retained 
in  place  by  a  strip  of  plaster.  A  more  detailed  account  will  be  found  in  the  Lancet  for 
1869. 
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discharge  of  pus  with  more  freedom  and  cleanliness  than  any  other  kind  of  seton 
can.  In  some  fistuhe,  however,  in  which  the  track  is  too  small  for  a  drainage-tube, 
a  seton  of  one  or  more  wires  or  silk  threads  may  be  usefully  employed  to  vivify  the 
granulating  walls  and  bring  them  to  coalescence. 

Cautery,  actual  or  potential,  and  especially  the  galvanic  cautery,  is  of  great  value 
in  two  classes  of  cases  ;  namely  (1)  in  the  short  canals  or  mere  apertures  of  com- 
munication between  adjacent  mucous  cavities,  as  the  vesico- vaginal  and  othei'S  ;  (2) 
in  the  old  long  and  narrow  fistuhe  leading  into  the  urethra  or  rectum  or  salivary 
duct.  Among  the  former,  those  which  are  small  and  recent,  or  such  as  remain  after 
a  nearly  successful  plastic  operation,  are  especially  suited  for  the  cautery,  which  acts 
by  gradually  contracting  and  finally  closing  the  apertures  by  repeated  scarring. 

Laying  open  is  one  of  the  most  generally  applicable  methods  of  treatment  of 
nearly  all  sinuses  and  fistuhe.  As  examples,  the  cutting  up  of  long  sinuses  in 
strumous  inguinal  glands,  and  the  ordinary  operation  for  fistula  in  ano,  may  be  cited. 
The  principle  of  all  such  proceedings  is,  to  expose  the  whole  extent  of  the  sup- 
purating canal  or  cavity  sufficiently  to  permit  its  being  '  dressed  from  the  bottom,' 
i.e.  covered  with  lint  or  other  material,  prevented  from  closing,  and  permitted  to 
heal  by  its  own  scarring  and  by  the  levelling  of  its  borders. 

A  process,  essentially  similar  to  this,  but  rarely  preferable  to  it,  is  that  of  slowly 
dividing  the  parts  over  or  enclosing  a  fistula  by  gradually  tightening  a  wire  or  cord 
passed  through  it.  As  the  parts  enclosed  within  the  loop  thus  formed  are  gradually 
divided,  so  those  without  or  beyond  the  loop  are  gradually  healed,  being  made  to 
granulate  directly  after  they  are  divided  by  the  loop. 

In  some  cases  it  is  necessary  not  only  to  lay  open  the  sinus  or  fistula,  but  to 
destroy  its  walls  with  caustic,  or  by  cutting  or  scraping.  It  is  so  in  some  old  callous 
fistula?  in  the  soft  parts,  and  more  generally  in  those  of  bones,  or  in  those  that  lead 
down  to  diseased,  though  not  dead,  bone. 

When  excretions,  as  urine,  pass  through  fistuhe,  neither  laying  open  nor  any 
other  proceeding  is  likely  to  be  useful,  unless  free  passage  is  provided  for  the  excre- 
tion by  its  natural  means  of  escape. 

Tents  and  the  like  means  for  gradually  widening  fistulous  passages  may  be  some- 
times preferable  to  the  quicker  widening  by  cutting;  but  they  are  rarely  used, 
probably  because  they  are  comparatively  tedious. 

Plastic  operations  are  adapted  almost  exclusively  for  such  short  fistulous  canals 
and  apertures  as  the  vesico-vaginal,  vagino-rectal,  and  others  that  follow  violence  or 
sloughing.  For  the  larger  apertures  of  this  kind  such  operations  are  the  only  useful 
means. 

James  Paget,  1870. 

W.  Harrison  Cripps,  1882. 
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GANGRENE. 

GANGRENE  is  a  process  which  causes  the  death  of  a  portion  of  a  living  body. 
It  implies  the  simultaneous  loss  of  vitality  in  a  considerable  area  of  tissue,  and 
is  to  be  distinguished  from  ulceration,  in  which  the  disintegration  is  molecular,  the 
particles  dying  progressively,  and  being  cast  off  in  portions  too  minute  for  recog- 
nition. The  agencies  which  cause  the  process  of  death  in  any  portion  of  the  body 
are  no  less  varied  and  distinct  than  those  which  operate  and  destroy  the  life  of  the 
whole. 

In  a  subject  so  large  it  is  impossible  to  give  any  intelligible  description  of  the 
pathology,  phenomena  and  treatment,  without  arranging  the  prominent  forms  under 
distinct  headings,  and,  in  doing  so,  a  pathological  classification  is  more  in  accordance 
with  the  spirit  of  scientific  inquiry  than  one  founded  on  a  symptomatic  basis,  result- 
ing from  the  accidental  appearance  presented  by  the  dead  mass.  Classification  is 
useful  for  descriptive  purposes,  although  it  is  scarcely  possible  to  draw  hard  and  fast 
lines  between  the  several  varieties  of  gangrene.  The  points  of  resemblance  between 
the  various  forms  of  gangrene  are  in  some  cases  no  less  prominently  marked  than  the 
differences  suggested  by  classification,  and  it  will  be  found  that  a  true  explanation 
lies  rather  in  considering  the  combination  of  a  variety  of  circumstances,  than  in 
attributing  the  disease  to  any  single  cause  acting  either  locally  or  generally.  The 
immediate  death  of  a  part  is  from  arrested  circulation,  from  obstruction  in  the 
arteries,  veins,  or  capillaries.  The  cause  of  such  obstruction  may  act  either  from 
within  or  without  the  vessels,  it  may  result  from  disease,  or  accident,  or  from  both 
in  combination.  In  order  to  consider  the  relative  proportions  played  by  the  different 
agencies,  it  is  proposed  to  consider  the  varieties  of  gangrene  in  the  following  order. 

CLASS  I.— IDIOPATHIC  GANGRENE. 

a.  Gangrene  from  embolism  or  thrombus. 

b.  Spontaneous  gangrene  (Gangrene  symetrique,  Raynaud). 

c.  Gangrene  from  ergot. 

d.  Gangrene  in  diabetes. 

e.  Senile  gangrene. 

CLASS  II.— EROST-BITE. 

CLASS  III. — TRAUMATIC  GANGRENE. 

a.  Local  traumatic  gangrene. 

b.  Spreading  traumatic  gangrene. 

1.  From  cardiac  weakness  with  venous  thrombosis. 

2.  From  inflammatory  sepsis. 

CLASS  IV.— SPECIFIC  SEPTIC  GANGRENE. 

a.  Acute  inflammatory  gangrene. 

b.  Hospital  gangrene. 

c.  Phagedena. 

d.  Can cr urn  oris. 
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CLASS  I. — IDIOPATHIC  GANGKENE. 

Befoie  considering  in  detail  the  morbid  conditions  of  the  system  giving  rise  to 
gangrene,  it  may  be  well  first  to  consider  some  of  the  more  general  characters  pre- 
sented by  the  disorder. 

When  a  portion  of  the  body  is  suddenly  and  completely  deprived  of  its  blood 
supply,  the  part  rapidly  but  not  instantaneously  loses  its  vitality,  and  after  a  while 
destructive  chemical  processes  are  started,  resulting  either  in  its  mummification  {dry 
gangrene)  or  decomposition  [moist  gangrene). 

The  length  of  time  that  a  part  will  live,  or  perhaps  we  should  rather  say  the 
time  in  which  it  can  again  be  restored  to  life  after  a  complete  temporary  deprivation 
of  its  blood,  has  not  been  accurately  determined.  The  previous  condition  of  the 
part,  and  the  temperature  in  which  it  is  placed,  modify  the  result.  It  is  certainly 
known  that  a  limb  may  be  completely  deprived  of  blood  by  an  Esmarch  bandage  for 
some  hours,  and  have  its  vitality  entirely  restored  when  the  blood  is  again  permitted 
to  enter  it. 

An  analogous  condition  is  occasionally  met  with  in  those  who  have  a  feeble 
circulation  when  the  extremities  are  exposed  to  cold.  The  hands  will  become  white 
and  bloodless  with  an  almost  total  loss  of  sensation;  the  fingers  are  said  to  have 
'  died  away.'  In  such  cases,  doubtless,  for  the  time  the  blood  has  ceased  to  circulate, 
but  vitality  can  be  again  restored  by  warmth  and  friction.  There  is  a  limit  of  time 
beyond  which  no  restoration  of  the  circulation  is  possible — changes  will  then  take 
place  resulting  in  gangrene.  For  such  a  result,  it  is  not,  however,  by  any  means 
necessary  that  the  part  should  be  entirely  deprived  of  its  blood  supply,  for  the 
quantity  may  be  so  reduced  as  to  be  unable  to  maintain  the  vitality  of  the  tissues, 
and  their  death  will  result  with  a  greater  or  less  rapidity.  The  quantity  of  blood 
required  to  maintain  life  in  a  part  doubtless  depends  much  on  its  quality,  and  the 
condition  of  the  tissue  requiring  nourishment.  Thus  the  obliteration  of  the  main 
artery  in  an  old  or  enfeebled  person  is  far  more  likely  to  be  followed  by  gangrene 
than  in  a  young  and  healthy  subject.  Cases,  too,  are  recorded  in  which  a  compara- 
tively small  abstraction  of  blood  from  the  drunkard  has  been  followed  by  gangrene 
of  the  extremities. 

Whatever  may  be  the  cause  of  gangrene,  after  the  disease  has  once  set  in,  the 
affected  portion  ceases  any  longer  to  be  part  of  the  body,  save  by  the  mechanical 
connection  of  its  elements.  The  living  tissues  in  the  neighbourhood  act  as  when 
any  foreign  body  has  been  placed  in  their  midst,  and  processes  are  started  for  the 
elimination  of  the  offending  part.  The  aspect  of  the  dead  portion  assumes  different 
appearances  as  time  advances,  but  more  especially  its  behaviour  is  influenced  by  the 
quantity  of  blood  or  serum  in  its  tissues  when  the  loss  of  vitality  occurs.  When 
the  tissues  are  much  engorged  at  the  time  of  their  death  by  blood  or  serum,  the  moist 
form  of  gangrene  results.  On  the  other  hand,  if  the  quantity  of  blood  in  the  limb 
be  small,  the  dry  or  mummified  variety  of  gangrene  occurs.  In  ordinary  cases  of 
idiopathic  gangrene,  the  form  assumed  is  midway  between  these  two  extremes,  for  it 
is  generally  seen  that  while  in  the  toes,  dorsum  of  the  foot,  and  fingers,  the  parts 
have  a  tendency  to  become  dry,  shrivelled  and  mummified,  in  the  thicker  portions, 
such  as  the  calf  of  the  leg,  there  is  a  tendency  to  moist  decomposition. 

Before  death  undoubtedly  declares  itself  by  decomposition  or  mummification, 
there  are  certain  conditions  by  which  loss  of  vitality  can  be  recognised.  No  pulsa- 
tion of  the  vessels  can  be  detected.  Sensation  in  the  superficial  parts  is  completely 
lost,  so  that  the  prick  of  a  needle  can  be  no  longer  felt.  The  temperature  of  the 
part  falls,  becoming  the  same  as  that  of  the  surrounding  media.  The  colour  of  the 
skin  is  changed,  and  those  portions  in  which  at  the  time  of  death  the  blood  had  not 
stagnated,  assume  a  dull  white  or  waxy  appearance.  This  is  generally  confined  to 
the  fingers,  toes,  and  dorsum  of  the  foot,  while  the  rest  of  the  skin  is  of  a  dull  purple- 
red  colour  resembling  post-mortem  staining.  After  a  while  the  white  exsanguineous 
portions  assume  a  semi-transparent  brown,  horny  appearance.  They  become  hard, 
dry,  and  shrivelled,  but  evolve  no  foetid  odour.    In  the  other  portions  of  the  limb 
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the  dull  red  colour  slowly  changes  to  a  dark  olive  green,  eventually  turning  almost 
black.  Blebs  form  on  its  surface,  and  the  parts  eventually  break  down  into  a  foetid 
decomposing  mass. 

The  line  of  demarcation  is  the  name  given  to  the  point  of  junction  between  the 
living  and  the  dead,  and  through  which  the  separation  of  the  one  from  the  other  even- 
tually takes  place.  In  the  form  of  gangrene  under  consideration  it  not  uncommonly 
happens  that  almost  from  the  first  a  clearly  marked  line  limits  the  living  and  the 
dead,  and  that  the  dull  red  colour  previously  mentioned  shows  the  extent  of  the 
portion  that  has  lost  its  vitality,  and  contrasts  strongly  with  the  colour  of  the  normal 
skin  in  its  immediate  vicinity.  This  alteration  in  colour  is  not  however  shown  as  a 
regular  circular  line  around  the  limb,  but  has  an  irregular  frontier  mapped  out  by 
the  unequal  distribution  of  the  cutaneous  vessels ;  since,  while  in  some  parts  the 
discoloration  encroaches  an  inch  or  two  above  the  general  line,  in  others,  portions  of 
healthy  skin  descend  some  distance  into  the  dead  part. 

Although  it  not  uncommonly  happens  that  the  gangrene  makes  no  further  pro- 
gress, with  the  exception  that  the  line  of  discoloration  becomes  more  even  at  the  expense 
of  the  living  tissue,  the  line  of  discoloration,  however  clearly  defined,  is  no  evidence 
that  the  gangrene  has  ceased  to  advance,  and  must  not  be  confounded  with  the  final 
line  of  demarcation.  It  sometimes  happens  that  in  the  course  of  a  day  or  two,  the  dis- 
coloured portion,  especially  if  confined  to  the  foot  only,  has  extended  upwards  several 
inches.  It  may  reach  a  short  distance  above  the  knee,  but  very  rarely  extends  be- 
yond the  middle  of  the  thigh.  If  there  is  no  extension  after  forty-eight  hours — a  point 
that  can  be  easily  determined  in  practice  by  marking  the  outline  with  dots  of  ink — 
there  is  a  strong  probability  that  no  further  extension  will  occur,  a  probability 
generally  confirmed  between  the  fourth  and  eighth  day  by  the  formation  of  the  final 
or  inflammatory  line  of  demarcation. 

Although  there  is  often,  even  from  the  first,  a  clearly  marked  difference  in 
colour  between  the  living  and  the  dead,  it  is  by  no  means  always  so,  and  it  fre- 
quently happens  during  the  first  few  days  there  is  no  exact  line  separating  the  one 
from  the  other.  In  such  cases  the  dull  red  colour  of  the  dead  portion  gradually 
blends  with  the  living,  and  this  is  especially  the  case  if  there  has  been  any  previous 
oedema  of  the  part.  This  red  colour  is  due  to  staining  of  the  tissues  with  hamiatine, 
whereas  the  true  line  of  demarcation  we  are  about  to  describe  has  an  inflammatory 
origin. 

After  the  discoloration  has  ceased  to  extend,  in  four  to  eight  days  a  bright  red 
zone  appears  at  the  margin  of  the  living  part.  The  greatest  intensity  of  this  red 
band  is  at  the  portion  in  contact  with  the  dead  tissue,  the  opposite  margin  of  the 
band  gradually  losing  itself  in  the  normal  colour  of  the  skin.  The  parts  are  gene- 
rally slightly  swollen.  The  pain  accompanying  the  original  onset  of  the  gangrene, 
but  which  had  to  a  great  extent  disappeared  when  the  gangrene  ceased  to  extend, 
is  again  complained  of,  but  not  to  any  great  extent,  and  is  usually  described  by  the 
patient  as  a  sharp  smarting  sensation,  the  skin  being  peculiarly  sensitive  to  the 
touch.  At  this  time  constitutional  disturbance,  which  may  previously  have  been 
absent,  becomes  manifest,  and  although  severe  in  some  instances,  is  more  commonly 
of  a  mild  nature,  shown  by  restlessness  with  a  slightly  accelerated  pulse,  and  an 
increased  temperature — symptoms,  in  fact,  such  as  accompany  any  mild  inflammatory 
process.  A  few  days  later,  a  close  examination  of  the  part  will  show  that  at  the 
extreme  margin  of  the  inflammatory  zone — that  is,  at  the  line  of  contact  of  the  living 
with  the  dead — is  a  narrow  white  line  not  more  perhaps  than  an  eighth  of  an  inch 
wide.  If  the  parts  have  not  been  bruised  or  roughly  handled,  the  white  line  is  seen 
to  be  due  to  the  formation  of  pus,  the  pus  being  still  covered  by  a  transparent  layer 
of  epidermis.  The  epidermic  covering  soon  becomes  raised  in  places,  and  gives  way. 
It  can  then  be  seen  that,  in  the  place  of  the  pus  line,  is  a  furrow  which  deepens  day 
by  day,  and  to  some  extent  increases  in  width.  A  copious  secretion  of  pus  takes 
place  in  the  living  part,  which  is  red,  and  slightly  cedematous — that  is,  in  a  condition 
of  subacute  inflammation.  The  ulceration  steadily  progresses,  so  that,  in  a  few 
weeks,  the  whole  of  the  dead  portion  separates  from  the  living,  with  the  exception 
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of  the  bone.  Here  the  process  becomes  mucli  slower,  though  even  this  structure,  it' 
time  were  allowed,  is  eventually  eaten  through  and  cast  off. 

As  the  dead  part  separates  from  the  living,  it  can  be  seen  that  the  whole  exposed 
surface  of  the  latter  is  covered  with  fine  granulations,  which  eventually  develop 
into  fibrous  tissue.  Such  are  the  clinical  phenomena,  observed  in  the  natural  process 
of  the  living  separating  from  the  dead.  Examination  with  the  microscope  throws 
some  light  on  the  pathology  of  the  process. 

The  result  of  the  hypersemic  condition  of  the  capillaries  in  contact  with  the  dead 
tissue  is  that  a  cell  proliferation  takes  place ;  the  tissue  forming  the  extreme 
boundary  of  the  living  part,  being  crowded  with  a  dense  layer  of  leucocytes,  which 
are  partly  disposed  of  by  forming  a  granulation  tissue,  but  principally  by  escaping 
from  the  surface  in  the  form  of  a  copious  discharge  of  pus.  These  wandering  cells 
have  generally  been  considered  as  the  agents  causing  the  destruction  of  the  fibrous 
element  at  the  margin  of  the  living  tissue  in  which  they  lie,  absorbing  and  breaking 
down  the  longitudinal  connections  between  the  dead  and  the  living  tissue,  and  thus 
setting  the  former  free.  More  recent  research,  however,  appears  to  throw  some  doubt 
on  this  hypothesis,  and  it  would  seem  not  unlikely  that  the  actual  agents  causing 
this  process  are  to  be  found  in  minute  independent  organisms,  or  in  their  secretion, 
bred  and  multiplying  on  the  border  of  the  decomposing  tissue.  If  this  view  be 
correct,  the  cell  proliferation  must  not  be  regarded  in  the  light  of  the  active  agent, 
but  rather  as  a  defensive  barrier  against  the  destructive  agent  making  undue 
encroachment  on  the  living  tissue;  but  knowledge  is  not  sufficiently  advanced  to 
admit  of  a.  positive  statement  on  this  point. 

a.  Gangrene  from  Embolism  or  Thrombus. — It  sometimes  occurs  that  during 
the  course  of  fevers,  or  other  debilitating  illnesses,  especially  in  those  who  have 
been  previously  suffering  from  heart  disease,  one  of  the  extremities  becomes  gan- 
grenous. This  generally  happens  somewhat  suddenly,  and  affects  one  only  of  the 
extremities.  In  former  times  there  was  considerable  speculation  as  to  the  cause  of 
this  gangrene.  Innumerable  post-mortem  examinations  are  now  on  record  showing 
clearly  that  it  is  due  to  the  plugging  of  the  main  artery  by  a  clot.  In  some  in- 
stances this  clot  is  of  the  nature  of  a  thrombus,  and  may  have  formed  in  situ, 
but  in  the  majority  of  cases  it  is  of  a  true  embolic  nature,  having  originated  higher 
up  in  the  vascular  system,  and  becoming  ai'rested  where  the  calibre  of  the  vessel  is 
too  narrow  for  further  progress.  Many  cases  are  recorded  in  which  the  origin  of 
the  embolus  has  been  traced  to  endocarditis,  with  fibrous  vegetations  on  the  mitral 
valves. 

In  post-mortem  examinations  the  original  firm,  fibrous  clot  detached  from  the 
valve  may  often  be  found  completely  obstructing  the  vessel,  and  having  upon  each  side 
of  it  blood  more  or  less  firmly  coagulated,  forming  subsequently,  as  the  result  of  stasis. 
Fortunately  the  presence  of  clots  within  the  vessels  does  not  necessarily  mean  gangrene  of 
the  limb,  any  more  than  ligature  of  the  femoral  artery  is  always  followed  by  such  a 
result.  Indeed  it  would  seem  that  in  the  one  ease  as  in  the  other  there  is  some 
cause  weakening  the  circulation  generally  in  addition  to  the  mere  obstruction  of  the 
vessel.  After  ligature  of  the  femoral  occasionally  the  gangrene  results  from  some 
injury  to  the  vein  at  the  time  of  operation  ;  but  as  in  embolism  the  additional  factor 
is  more  commonly  a  previously  weakened  condition  of  the  circulatory  system,  for  in 
the  strong  and  healthy  the  heart  has  sufficient  power  to  drive  the  blood  through  the 
fine  branches  of  the  anastomosing  circulation,  notwithstanding  the  closure  of  the 
main  channel. 

All  the  parts  supplied  by  the  occluded  artery  are  not  necessarily  involved  in 
gangrene,  and  it  may  happen  that  the  most  distant  parts  alone  suffer,  the  gangrene 
being  limited  to  the  foot  or  toes  only.  The  symptoms  and  course  of  gangrene  from 
embolism  or  ligature  of  an  artery  are  so  nearly  identical  that  they  may  well  be  consi- 
dered together. 

On  January  20,  there  was  admitted  into  the  London  Fever  Hospital,  under  the  care  of 
Dr.  Mahomed,  a  lady,  aped  40.  "With  the  exception  of  slight  varicose  veins,  she  had 
previously  enjoyed  fair  health,  but  had  lived  freely  in  a  tropical  climate.    She  was  exceed- 
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ingly  stout.  The  scarlet  fever  from  which  she  suffered  was  severe,  but  by  the  seventh  day 
all  acute  symptoms  had  passed  away,  leaving  her,  however,  with  a  quick  and  feeble  pulse. 
On  this  day,  she  complained  of  smarting-  pain  in  the  left  leg  from  the  knee  downwards.  On 
the  following  day,  there  was  a  dull  red  patch  of  some  square  inches  on  the  inner  side  of  the 
knee  and  popliteal  space.  No  pulsation  could  be  felt  in  the  tibials.  The  next  day  the 
whole  leg  from  the  knee  downwards  was  discoloured ;  sensation  appeared  to  be  quite  lost  , 
but  the  skin  above  the  discoloured  portion  was  very  sensitive.  The  leg  was  cold.  With 
the  exception  of  the  toes  and  the  instep,  which  had  a  white,  waxy  appearance,  through  which 
a  few  blue  veins  could  be  conspicuously  seen,  the  limb,  from  the  knee  downwards,  was  of  a 
brick-red  colour.  The  finger,  pressed  upon  the  skin,  did  not  cause  the  redness  to  disappear. 
The  boundary  line  between  the  living  and  dead  portion  was  not  very  clearly  marked,  the 
dull  red  colour  gradually  fading  to  the  hue  of  the  normal  tissue.  She  suffered  little  pain. 
In  the  course  of  a  few  days  the  discoloration  had  extended  half-way  up  the  thigh.  A.t 
this  time  a  much  more  decided  boundary  was  visible  between  the  dead  and  living,  the  lividity 
terminating  so  abruptly  in  the  normal  skin  that  the  edge  of  a  shilling  would  have  covered 
the  line  of  convergence.  During  this  period,  the  patient  was  rapidly  recovering  from  the 
exhaustion  of  the  fever.  The  temperature  was  normal,  her  appetite  very  good,  the  pulse 
improving  in  quality  and  diminishing  in  frequency,  and  she  suffered  little  or  no  pain.  This 
condition  of  things  remained  little  changed,  except  that  the  colour  of  the  dead  part  had 
slowly  lost  its  reddish  appearance  and  had  assumed  an  olive  green  hue,  approaching  to 
blackness  in  places,  until  the  tenth  day,  at  which  date  slight  constitutional  symptoms  had 
manifested  themselves,  the  patient  being  restless,  and  the  temperature  ranging  between  100° 
and  101°.  The  line  of  junction,  on  the  following  day,  showed  a  marked  and  interesting 
change.  A  bright  red  line,  from  half  to  three-quarters  of  an  inch  broad,  extended  round  the 
limb,  fading  into  the  normal  skin  above,  but  abruptly  marked  at  its  contact  with  the  dead. 
The  limb,  as  high  as  the  groin,  was  swollen,  cedematous  and  painful.  The  constitutional 
disturbance  increased,  and  I  amputated  the  limb  above  the  gangrene.  The  patient  ulti- 
mately made  a  complete  recovery.  On  dissecting  out  the  femoral  artery  in  the  amputated 
limb  it  was  found  to  be  obliterated  in  the  whole  of  its  course.  The  obstruction  at  the  upper 
part — that  is  to  say,  at  the  point  of  section  in  amputation — was  caused  by  a  firm  fibrous  clot, 
which,  in  the  lower  part,  gradually  merged  into  simple  coagulated  blood,  The  vessel  con- 
taining the  clot  showed  no  sign  of  inflammation.  Innumerable  similar  cases  have  been  de- 
scribed, in  all  of  which  a  clot  within  the  vessel  has  been  found  to  be  the  cause  of  the 
gangrene. 

The  following  case  shows  how  nearly  the  symptoms  of  gangrene  in  embolism  and  from 
ligature  of  the  femoral  artery  corresponds : — 

Mr.  Willett,  at  St.  Bartholomew's,  tied  the  femoral  artery  for  popliteal  aneurism.  The 
following  day  the  patient  complained  of  great  pain  in  the  leg.  The  toes  and  instep  were 
white  and  cold,  and  the  whole  of  the  leg  within  four  inches  of  the  knee  was  of  a  dull  reddish 
blue  colour.  Notwithstanding  the  loss  of  sensation  in  the  affected  portion,  the  skin  at  the 
margin  was  extremely  sensitive,  the  slightest  pressure  causing  pain.  Two  days  later  the 
limb  assumed  a  slightly  more  purple  tinge,  with  the  exception  of  the  toes  and  dorsum  of  the 
foot,  which  remained  white  and  tallowy,  with  here  and  there  a  dark  contracted  blue  vein 
showing  through  the  skin.  The  limb  was  neither  swollen  nor  cedematous.  The  junction  of 
the  dead  with  the  living  was  very  clearly  marked  by  the  sharp  contrast  between  the  dull  red 
colour  of  the  dead  and  the  normal  skin. 

There  was  at  first  a  complete  absence  of  any  inflammation  at  the  line  of  junction,  but  on 
the  eighth  day  a  faint  red  line  appeared  at  the  margin,  which  on  the  following  day  was 
very  clearly  marked,  forming  a  bright  inflammatory  line.  A  week  later  a  narrow  white  hue 
an  eighth  of  an  inch  wide  was  clearly  visible  at  the  extreme  margin  of  the  inflammatory 
zone.  Upon  careful  examination,  it  could  be  seen  that  this  white  line  was  a  collection  of  pus 
showing  through  the  epidermis,  which  was  nearly  intact,  but  in  some  portions  of  the  line 
where  the  epithelium  had  given  way  the  pus  line 'was  replaced  by  a  deep  ulcerating  furrow. 
The  dead  port  ion  gradually  assumed  a  deep  olive  hue  approaching  black  in  places,  with  the 
exception  of  the  foot,  which  was  dry  and  mummified.  A  few  days  later  the  soft  dead  parts 
were  seen  to  be  rapidly  falling  away  from  the  living,  the  bones  and  tendonous  portions  of 
the  muscles  alone  forming  the  boner  of  union.  At  this  time  the  limb  was  amputated  above 
the  knee,  and  the  patient  made  a  good  recovery. 

The  symptoms  of  this  disorder  can  he  generally  gathered  from  the  cases  just  de- 
scrihed,  but  the  following  short  resume  of  the  more  prominent  features  may  be 
useful.  The  attack  generally  occurs  during  the  course  of  febrile  or  other  debilitating 
illnesses,  especially  when  associated  with  previous  heart  disease.  The  onset  is 
sudden,  and  accompanied  by  cramp-like  pain  in  the  limb  below  the  plugged  artery. 
If  the  vessel  be  within  reach,  such  as  the  femoral,  it  feels  hard,  and  is  tender  on 
pressure.  All  pulsation  is  completely  lost  in  the  vessels  below  the  obstruction. 
Numbness  of  the  limb  is  complained  of,  and  the  parts  feel  cool.  From  such  a  con- 
dition the  limb  may  yet  recover,  but  if  in  the  course  of  twenty-four  hours,  the  parts 
have  become  cold,  and  quite  senseless  even  to  the  prick  of  a  pin,  and  if  they  assume 
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the  purple  or  waxy  appearance  described  on  page  123  the  limb  is  dead  beyond 
recovery. 

The  immediate  effect  of  embolic  gangrene  upon  the  constitution  is  in  marked 
contrast  to  the  profound  constitutional  disturbance  observed  in  gangrenes  of  an  in- 
flammatory nature.  Indeed,  the  pain  which  accompanies  the  first  plugging  of  the 
vessel  in  great  measure  subsides  when  gangrene  sets  in,  while,  until  the  formation  of 
the  inflammatory  line  of  demarcation,  there  is  but  little  general  disturbance. 

In  a  considerable  number  of  cases  the  extent  of  the  gangrene  is  defined  from  the 
first ;  but  it  sometimes  happens  that,  in  the  course  of  a  day  or  two,  a  considerably 
greater  extent  of  the  limb  is  involved  than  was  at  first  suspected.  Thus,  it  may 
occur  that,  whereas  at  the  first  onset  the  foot  and  lower  part  of  the  leg  alone 
appear  to  be  affected,  in  the  course  of  a  day  or  two  the  disorder  may  have  extended 
to  above  the  knee.  This  further  extension  of  the  disease  up  the  limb  must  not  be  in 
any  way  regarded  as  caused  by  the  influence  of  the  dead  part,  and  would  certainly 
have  occurred  in  the  stump,  if  amputation  had  been  performed  at  the  onset.  The 
gangrene  rarely  extends  beyond  the  lower  part  of  the  thigh,  at  which  part  the 
anastomosing  vessels  have  sufficient  calibre  to  maintain  life,  notwithstanding  the 
plugging  of  the  femoral  artery. 

Treatment. — The  true  knowledge  of  the  cause  of  this  gangrene  seiwes  as  a  reliable 
basis  for  treatment.  The  question  of  primary  importance  is  that  of  amputation. 
80  long  as  it  was  supposed  that  the  gangrenous  part  itself  was  the  seat  of  primary 
lesion,  it  can  readily  be  understood  why  early  amputation  was  advocated.  It  was 
assumed  that,  by  removing  the  dead  part,  the  progress  of  the  disease  might  be  arrested, 
in  the  belief  that  the  part  already  dead  progressively  affected  the  living,  as  in  in- 
flammatory gangrene.  When,  however,  gangrene  is  primarily  due  to  an  obstructed 
vessel,  the  dead  portion,  until  decomposition  sets  in,  is  inert,  as  regards  its  influence 
on  the  neighbouring  tissues. 

Immediate  removal  of  the  dead  part  will  not  affect  the  portions  above,  the  ulti- 
mate limit  of  the  gangrene  being  influenced  not  by  that  which  is  already  dead,  but  by 
the  position  of  the  primary  clot,  and  the  condition  of  the  collateral  circulation. 
Seeing  that  no  harm  can  result  from  leaving  the  dead  member  for  a  while,  certain 
advantages  may  be  derived  from  delay.  At  first  it  is  not  possible  to  say  with 
certainty  how  much  of  the  limb  is  dead,  or  how  far  the  gangrene  will  extend,  so  that 
there  is  110  guide  as  to  the  spot  to  select  for  amputating.  Having  settled  that  no  im- 
mediate amputation  is  required,  the  whole  limb  should  be  carefully  wrapped  in 
cotton  wool  well  sprinkled  with  carbolate  of  lime.  Of  course  this  wrapping  can 
have  no  influence  on  the  dead  part,  but  it  is  useful  in  preserving  all  the  warmth  at 
the  margin  of  the  living,  and  encourages  the  collateral  circulation. 

During  this  time  the  general  circulation  should  be  maintained  by  a  nutritious 
fluid  diet,  and  a  moderate  amount  of  stimulant,  champagne  being  perhaps  the  best. 
Small  doses  of  opium,  to  the  extent  of  half  a  grain  to  a  grain  every  four  hours,  are 
generally  considered  beneficial,  but  its  benefit  is  much  more  doubtful  than  when  used 
for  senile  gangrene. 

Although  there  can  be  no  doubt  as  to  the  propriety  of  delaying  amputation  until 
after  the  establishment  of  the  line  of  demarcation,  there  is  some  divergence  of  opinion 
as  to  the  necessity  of  an  operation  after  its  establishment.  Some  surgeons  prefer 
allowing  the  limb  to  separate  by  natural  processes,  while  others  are  in  the  habit  of 
amputating  just  above  the  line  of  demarcation. 

It  is  scarcely  possible  to  lay  down  rules  applicable  to  every  case.  Practically 
there  can  be  no  safer  guide  for  treatment  than  carefully  watching  the  amount  of 
inflammatory  action  at  the  line  of  separation,  and  the  effect  this  has  upon  the  con- 
stitutional condition  of  the  patient.  Sometimes  a  considerable  inflammation  is 
excited  by  contact  of  the  dead  matter  with  the  living,  while  the  patient's  general 
condition  will  quickly  sympathise  with  this  excess  of  local  action.  The  pulse  will 
increase  in  rapidity,  the  temperature  will  rise,  loss  of  appetite  and  restlessness  will 
ensue,  and  the  patient  daily  loses  ground.    In  such  circumstances  an  amputation 
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well  above  the  line  of  demarcation  is  imperatively  demanded  as  a  means  of  saving 
the  patient's  life. 

On  the  other  hand,  so  long  as  there  is  little  constitutional  disturbance  accom- 
panying the  natural  process  of  separation,  there  can  be  no  necessity  for  amputating 
through  the  sound  parts,  but  even  in  these  cases  there  are  certain  objections  to 
leaving  the  dead  member  untouched.  So  large  a  decomposing  mass  creates  a  highly 
deleterious  atmosphere  in  the  immediate  neighbourhood  of  the  patient,  and  the 
risk  of  purulent  absorption  must  be  remembered.  Another  material  practical  diffi- 
culty is  that  nursing  is  carried  on  under  great  disadvantages,  and  owing  to  the 
difficulty  of  shifting  the  patient's  position,  bed-sores  are  very  liable  to  occur.  The 
best  treatment  in  these  cases  is,  that  so  soou  as  the  thickness  of  the  limb  is  clearly 
dead,  and  the  line  of  demarcation  formed,  the  offensive  member  should  be  removed, 
not  by  cutting  through  the  living  tissues,  but  by  carefully  separating  the  dead,  as 
high  as  practicable,  without  interfering  with  the  living  part.  In  this  way,  instead 
of  having  the  whole  of  the  dead  member  to  deal  with,  there  results  a  naturally 
formed  stump,  on  the  surface  of  which  is  merely  a  layer  of  sloughing  tissue  an  inch  or 
two  in  thickness.  This  admits  of  comparatively  easy  treatment.  It  can  be  fre- 
quently washed  with  antiseptic  solutions  and  kept  thickly  covered  with  carbolised 
absorbent  cotton-wool,  or  other  suitable  dressing.  The  sloughs  on  the  surface 
ultimately  separate,  and  the  stump  will  cicatricise.  Frequently  in  these  circum- 
stances nature  forms  as  useful  and  sightly  a  stump  as  the  surgeon's  art  could  pro- 
duce, while  in  the  event  of  its  being  conical,  a  future  trimming  operation  can  be 
undertaken  under  more  favourable  circumstances. 

b.  Spontaneous  Gangrene. — ('  La  gangrene  symetrique  des  extremites,  Raynaud.) 
Under  this  heading  is  considered  a  form  of  gangrene  which,  as  regards  its  course  and 
symptoms,  has  something  in  common  both  with  embolic  and  senile  gangrene,  but  in 
which  careful  post-mortem  examination  shows  that  it  is  neither  due  to  a  clot  within 
the  vessel  nor  to  degeneration  of  the  arterial  coats.  Indeed,  pathological  research  has 
up  to  the  present  time  thrown  little  light  upon  the  subject,  and  it  is  only  by  the 
history  of  the  cases  and  clinical  observation  that  a  clue  can  be  found  to  the  cause  of 
the  disorder.  There  are  a  number  of  young  people,  especially  girls,  who  suffer  from 
imperfect  circulation.  This  deficiency  seems  to  be  rather  due  to  want  of  power 
in  the  heart  and  respiratory  organs,  than  to  any  specific  disease,  and  it  shows  itself 
most  strongly  in  the  parts  furthest  removed  from  the  heart. 

The  individuals  affected  habitually  suffer  from  cold  extremities — a  condition  not 
in  itself  incompatible  with  health}'  action  of  the  part,  but  which  is  very  liable  to 
cause  disorder  when  aggravated  by  any  cause  giving  rise  to  further  depression  acting 
either  generally  or  locally.  Thus  we  commonly  see  in  such  persons  that,  after  cold 
weather,  the  extremities  are  liable  to  chilblain — a  sure  indication  of  a  previously 
starved  circulation.  When  it  is  considered  how  extensive  is  the  surface  of  the  fingers, 
toes,  and  ears,  in  proportion  to  their  volume,  it  will  be  readily  understood  how  m  uch 
more  easily  they  are  influenced  by  exposure  to  cold  than  other  parts.  It  is 
probable,  therefore,  that  the  gangrene  in  some  of  these  cases  is  actually  determined 
by  the  repeated  exposure  to  cold  of  members  in  which  the  circulation  is  habitually 
at  a  minimum.  These  cases  have  much  analogy  to  gangrene  from  frost-bite,  though 
they  are  not  identical,  and  cannot  therefore  be  classed  in  the  same  category  •  for, 
while  in  the  one  the  previous  constitutional  condition  of  the  patient  is  by  far  the 
larger  factor,  in  the  other  external  causes  are  alone  sufficient  to  produce  the  result. 
In  some  instances  local  exposure  seems  to  play  no  part  in  causing  spontaneous 
gangrene,  and  it  results  from  some  sudden  tax  thrown  on  the  body  generally.  In 
the  case  we  are  about  to  describe,  the  depressing  influences  of  child-birth  left  in- 
sufficient power  to  nourish  the  extremities  in  which  circulation  was  habitually  weak. 
The  case  is  recorded  by  Mr.  Begg  of  Dundee. 

Mrs.  R.,  aged  21,  had  been  prior  to  marriage  a  domestic  servant,  living  well,  and 
enjoying  good  health.  For  some  years,  however,  she  had  suffered  from  extreme  coldness  of 
the  extremities,  more  especially  her  hands,  even  in  the  hottest  days  of  summer.    In  March 
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she  was  delivered  of  a  child  ;  the  labour  was  a  protracted  one,  and  she  subsequently  remained 
in  a  weakly  condition,  not  obtaining  proper  nourishment.  She  had  recovered  sufficiently  to 
perform  her  household  duties,  when  one  day,  six  weeks  after  her  confinement,  she  was  seized 
with  an  itching  sensation  in  both  her  hands.  This  was  followed  by  slight  pain,  and  at  the 
same  time  she  noticed  the  tips  of  two  fingers  of  the  left  hand  become  of  a  blue  colour.  Pre- 
vious to  this  there  had  appeared  a  blue  spot  on  the  tip  of  the  nose.  A  little  later  the  left 
foot  presented  a  similar  appearance,  then  the  right  hand,  the  right  foot,  and  finally  the 
lobules  of  the  ears  ;  the  blueness  always  commencing  at  the  tips  of  the  fingers  and  toes,  and 
gradually  ascending.  She  then  experienced  a  feeling  of  numbness  in  the  parts,  and  latterly 
pain  on  movement.  A  fortnight  later,  when  admitted  into  hospital,  on  the  top  of  the  nose 
there  was  an  irregularly-shaped  black  patch  the  size  of  a  fourpenny  piece,  hard  and  dry. 

The  fingers  of  both  hands  were  black,  dry,  and  withered,  the  blackness  extending  to  two 
inches  above  the  metacarpal  phalangeal  joint,  where  there  appeared  to  be  an  irregular  line  of 
demarcation  forming.  The  feet  were  of  a  dark  red  tinge  mingled  with  shades  of  a  darker 
hue,  the  toes  being  black.  The  disease  extended  to  three  and  a  half  inches  above  the  ankle- 
joint,  where  a  line  of  demarcation  was  forming.  The  gangrene  of  the  hands  was  dry,  that 
of  the  feet  moist.  Three  weeks  later,  the  gangrene  having  made  no  further  progress,  both 
legs  were  amputated  in  the  middle.  The  arteries  were  normal,  and  quite  pervious  as  far  as 
they  could  be  traced.  A  fortnight  later  the  hands  were  amputated  above  the  wrist.  The 
patient  made  a  most  excellent  recovery,  without  a  bad  symptom. 

Raynaud  mentions  many  similar  cases,  and  Solly  describes  at  length  a  case  of  a 
child  three  years  old,  who  had  suffered  from  the  disease. 

Symptoms. — There  is  almost  invariably  a  history  of  the  parts  having  been  liable 
to  chilblain,  or  to  becoming  white,  and  for  a  time  losing  their  sensibility  from  very 
slight  causes.  This  temporary  dying  away  of  the  fingers,  or  even  of  the  whole  hand, 
is  not  uncommon  in  young  girls,  the  circulation  after  a  while  again  becoming  com- 
pletely re-established.  It  is  easy,  however,  to  understand  that  in  rare  and  extreme 
cases  such  a  condition  may  terminate  in  actual  gangrene.  Death  generally  commences 
at  the  tips  of  the  fingers  or  the  toes,  to  which  it  may  be  limited,  or  it  may  gradually 
advance  so  as  to  involve  the  whole  extremity.  The  fingers  become  dry  and 
shrivelled,  eventually  turning  black;  in  the  toes  and  the  feet  the  gangrene  is  often 
of  a  moister  kind.  Tt  is  very  commonly  symmetrical,  attacking  the  corresponding 
parts  of  opposite  members ;  hence  the  name  given  to  it  by  Raynaud.  It  excites 
remarkably  little  constitutional  disturbance,  and  the  prognosis  is  generally 
favourable,  the  gangrene  eventually  limiting  itself  by  the  formation  of  a  line  of 
demarcation. 

Treatment. — The  principle  of  treatment  as  regards  the  gangrenous  portion  should 
be  on  a  plan  similar  to  that  employed  in  embolic  gangrene.  The  disorder  being 
chiefly  due  to  general  mal-nutrition,  the  best  food,  with  a  liberal  supply  of  stimulants, 
should  be  given,  while  Opium  in  small  and  frequently  repeated  doses  is  a  valuable 
remedy. 

All  local  applications,  save  for  antiseptic  purposes,  must  be  avoided,  especially 
those  of  a  stimulating  nature,  Raynaud  mentioning  a  case  in  which  gangrene  rapidly 
supervened  on  the  application  of  a  mustard  plaster  applied  with  a  view  to  promot- 
ing the  stagnant  circulation.  Great  care  shoidd  be  taken  to  preserve  all  the  internal 
warmth  as  much  as  possible  by  wrapping  the  limb  in  a  thick  layer  of  cotton-wool ; 
the  method  of  doing  this  is  described  in  sjjeaking  of  senile  gangrene. 

c.  Gangrene  from  Ergot. — No  essay  on  gangrene  would  be  complete  without 
some  reference  to  the  gangrene  clue  to  ergot  of  rye.  Probably  owing  to  our  improved 
corn  supply,  it  is  not  now  met  with  in  this  country,  but  the  records  of  French  surgeons 
in  the  last  century  show  that  it  was  a  common  and  well-recognised  disease  in  some 
parts  of  the  Continent.  There  is  still  some  doubt  as  to  whether  the  gangrene  might 
not  have  resulted  from  the  general  bad  qualities  of  the  rye  bread  in  particular  years, 
or  whether  it  was  due  to  the  specific  influence  of  the  ergot  in  the  spoilt  corn. 

The  contraction  of  involuntary  muscular  fibre  through  ergot  is  well  known.  It 
seems  probable,  therefore,  that  the  gangrene  might  have  resulted  from  the  narrowing 
of  the  calibre  of  the  arteries  caused  by  the  constant  consumption  of  small  doses  of  ergot 
in  the  bread.  It  is  said  generally  to  have  attacked  men,  women  and  children 
escaping-  Its  course  and  symptoms  are  closely  allied  to  the  gangrene  we  have  just 
described. 
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Tn  the  records  of  surgery  there  is  perhaps  nothing  more  remarkable  than  the 
account  given  by  Dr.  Woolaston  of  gangrene  suddenly  attacking  a  whole  family 
at  Wattisham  in  Suffolk.  The  family  consisted  of  a  labourer,  his  wife  and  six 
children,  the  eldest  of  whom  was  15  years,  the  youngest  4  months.  Having  been 
previously  in  perfect  health,  the  whole  family  within  three  days  was  suddenly  seized 
with  gangrene.  The  following  is  the  record  from  Woolaston's  letter  in  the  'Philoso- 
phical Transactions  'in  1761. 

Mother,  aged  40,  right  foot  off  at  the  ankle  ;  the  left  foot  mortified,  but  not  off. 

Mary,  aged  15.  one  leg  off  below  the  knee  ;  the  other  gangrenous,  but  not  yet  off. 

Elizabeth,  aged  13,  both  legs  off  below  the  knees. 

Sarah,  aged  10,  one  foot  off  at  the  ankle. 

Robert,  aged  8,  both  legs  off  below  the  knees. 

Edward,  aged  4,  both  feet  off  at  the  ankle . 

Infant  died. 

The  father  had  only  two  fingers  affected. 

In  the  careful  record  of  this  marvellous  attack,  there  is  nothing  that  points 
certainly  to  its  cause,  but  it  appears  very  probable  that  it  was  due  to  the  family 
eating  bread  made  of  some  diseased  corn. 

d.  Gangrene  in  Diabetes. — Persons  suffering  from  diabetes  are  peculiarly  liable  to 
be  attacked  by  inflammatory  disorders.  Occasionally  in  such  patients  a  form  of  gangrene 
is  observed  somewhat  resembling  the  senile  variety.  It  is  generally,  however,  more 
rapid  in  its  action,  and  accompanied  by  a  considerable  amount  of  inflammation.  The 
following  case  was  communicated  to  the  French  Academy  by  Lize.  The  patient,  aged 
49,  suffered  from  diabetes,  was  seized  with  acute  pain  in  the  sole  of  the  foot,  especially 
in  the  neighbourhood  of  the  second  toe.  In  a  short  time,  a  black  spot  was  noticed 
at  the  base  of  the  toe,  which  on  the  following  day  had  spread  considerably.  During 
the  next  fortnight,  large  abscesses  formed  about  the  foot,  the  parts  rapidly  becoming 
gangrenous,  the  patient  eventually  dying  from  septicaemia.  Demarquet  mentions  a 
case  in  which  he  froze  a  toe  for  the  removal  of  the  nail.  The  parts  became  gan- 
grenous, and  the  patient  died.  On  examination  of  the  urine,  it  was  found  to  con- 
tain sugar.  It  seems  very  probable  that  in  some  of  the  cases  described  as  senile 
gangrene,  the  real  cause  is  diabetes,  but  has  been  overlooked.  Such  cases  will 
scarcely  admit  of  operative  interference,  and  must  be  treated  on  the  lines  laid  down 
for  senile  gangrene. 

e.  Senile  Gangrene. — It  is  commonly  met  with  in  advanced  life,  though  at  times 
occurring  in  those  who  are  comparatively  young  in  years,  but  constitutionally  old  from 
hard  and  irregular  living.  It  usually  attacks  the  lower  limbs,  but  is  not  unknown 
in  the  upper.  One  of  the  leading  causes  of  this  form  of  gangrene  is  the  degenerative 
changes  in  the  arterial  sjrstem  ;  the  coats  of  the  vessels  losing  their  flexibility  and  the 
power  of  adapting  their  calibre  to  suit  the  various  changes  necessary  for  nutrition.  The 
condition  is  known  under  the  term  calcareous  degeneration,  a  full  description  of  which 
will  be  found  in  another  part  of  this  work.  According  to  the  observation  of  Brodie, 
there  is  a  condition  of  the  arteries  in  advanced  life,  other  than  calcareous  degene- 
ration, which  may  lead  to  gangrene.  He  says  that  he  has  dissected  the  vessels  in  a 
case  of  senile  gangrene  in  which  the  arteries  were  contracted  and  impervious,  but 
showed  no  sign  of  ossification — a  condition  he  thinks  best  explained  by  a  contrac- 
tion analogous  to  that  causing  permanent  stricture  in  the  urethra  or  oesophagus. 
Such  degenerative  changes  in  the  vessels,  though  undoubtedly  a  principal  predisposing 
cause  of  the  affection,  are  not  in  themselves  alone  responsible.  Those  who  have 
been  much  engaged  in  anatomical  studies  must  have  noticed  the  frequency  with 
which  this  degeneration  affects  old  people.  On  the  other  hand,  senile  gangrene  is  a 
comparatively  rare  disorder.  A  weak  heart,  acting  in  combination  with  diseased 
vessels,  must  increase  the  liability  to  the  disease.  Notwithstanding  these  essential 
predisposing  causes,  the  actual  advent  of  the  gangrene  is  generally  traceable  to  some 
local  injury.  Such  injury  may  be  of  exceedingly  trivial  nature;  the  scratch  of  a 
knife  whilst  cutting  a  corn,  the  irritation  of  a  broken  blister,  or  the  rubbing  of  a  shoe 
are  not  infrequently  the  direct  exciting  causes.  It  appears  as  if  the  tissues  have  just 
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sufficient  vitality  for  an  undisturbed  existence,  but  that  they  have  no  power  of  reserve 
to  impair  the  slightest  injury.  The  mischief  once  started,  progresses,  the  dead  portion 
gradually  increasing  at  the  expense  of  the  living. 

It  is  as  if  the  vessels,  owing  to  the  rigidity  of  their  coats,  lacked  the  power  of 
responding  to  an  inflammatory  stimulus,  and  were  thus  usable  to  supply  the  neces- 
sary amount  of  nutrition  to  enahle  the  tissues  to  form  an  effectual  barrier  against 
the  irritation  of  the  dead  part.  Thus  the  gangrene  progressively  advances,  until,  in 
fortunate  cases,  a  part  is  reached  in  which  the  blood-supply  is  sufficient  to  prevent  its 
further  extension.  If  the  patient  does  not  succumb  to  some  complication,  a  line  of 
demarcation  may  ultimately  be  established  :  a  favourite  spot  for  such  a  line  to  form 
is  (owing  to  the  free  anastomosis  in  the  neighbourhood)  just  below  the  joints.  Some- 
times the  gangrene  may  he  limited  to  the  toes.  If  it  pass  beyond  these,  the  ankle 
joint  or  about  four  inches  below  the  knee  is  a  likely  place  for  it  to  stop.  It  fre- 
quently happens  that  the  gangrene  remains  stationary  for  a  while,  but  just  when  the 
surgeon's  hopes  are  raised  that  a  line  of  demarcation  is  about  to  form,  the  disease 
once  more  shows  a  tendency  to  progress. 

Senile  gangrene  commonly  leads  to  a  fatal  termination,  for  it  is  merely  the 
expression  of  a  grave  arterial  degeneration.  Recovery,  however,  may  take  place, 
and  cases  are  recorded  in  which  patients  have  lived  in  good  health  for  many  years 
after  the  loss  of  portions  of  the  fixit  from  the  disease.  The  danger  to  life  in  great 
measure  depends  on  the  extent  of  the  tissue  involved,  and,  so  long  as  it  is  confined 
to  the  toes,  the  prognosis  is  comparatively  hopeful. 

A  cabman,  aged  70.  was  admitted  into  tbe  Royal  Free  Hospital  with  a  small 
perforating  ulcer  in  the  centre  of  the  heel.  It  was  a  little  larger  than  a  split  pea,  with  a  hard 
warty  edge.  The  pain  of  this  was  intolerable,  and  affected  the  whole  foot.  Complete  rest 
in  ljed  for  a  month  neither  alleviated  tbe  pain  nor  healed  tbe  ulcer.  Seeing  the  hard  corn- 
like condition  of  the  edges  of  the  ulcer,  and  failing  to  recognise  the  true  character  of  the 
disorder.  I  pared  away  its  indurated  margin.  This  slight  operation  was,  however,  sufficient 
to  disclose  the  nature  of  the  disease,  for  from  this  time  senile  gangrene  commenced  both 
round  the  margins  of  the  ulcer  and  in  the  toes,  and,  slowly  extending  for  some  months, 
eventually  involved  tbe  whole  foot.  After  remaining  stationary  for  a  while,  it  suddenly 
advanced,  rapidly  destroying  life. 

Symptoms. — When,  as  is  commonly  the  case,  the  starting  point  of  this  gangrene 
is  traceable  to  an  injury,  there  may  be  no  premonitory  symptoms  of  the  impending 
mortification.  However,  more  frequently  it  has  been  observed  that,  for  some  time 
prior  to  the  actual  advent  of  gangrene,  evidence  of  mal-nutntion  has  been  manifested. 
The  muscles  of  the  limb  tire  with  very  slight  exertion  ;  there  is  a  sensation  of 
numbness  from  time  to  time  in  the  part ;  pain  is  frequent,  and  this  is  often  de- 
scribed  by  the  patient  as  excruciating,  although  no  local  mischief  can  be  detected, 
except,  perhaps,  a  slight  swelling  of  the  foot. 

The  gangrene  manifests  itself  by  a  small  dark  spot  with  a  narrow  red  zone  on 
the  outer  side  of  one  of  the  toes  or  foot  :  it  is  usually  very  painful,  but  there  is  little 
constitutional  disturbance.  The  whole  toe  slowly  becomes  involved,  turns  to  a  black 
colour,  and  has  a  tendency  to  shrink,  and  become  smaller.  As  the  gangrene 
advances,  there  is  a  tolerably  clearly  defined  line  between  the  dead  and  the  living, 
the  Irving  margin  l>eing  marked  by  slight  swelling  and  inflammatory  redness. 
Indeed  the  appearance  is  much  that  of  a  true  line  of  demarcation,  but  the  gradual 
advance  of  the  disease  proves  the  falseness  of  the  supposition.  The  gangrene  gene- 
rally at  first  advances  very  slowly,  but  sometimes  it  acquires  suddenly  increased 
activity  ;  for  instance,  it  may  for  some  months  have  been  slowly  advancing  from  the 
toes  to  the  foot,  producing  apparently  little  general  effect  on  the  constitution,  and 
then  suddenly  displaying  increased  activity,  it  rapidly  involves  tbe  whole  limb. 

Amputation  is  inadmissible  in  senile  gangrene,  for  not  only  does  it  fail  to  stop 
the  disease  if  still  progressing  ;  but.  even  if  performed  after  the  disease  has  become 
spontaneously  arrested,  it  is  liable  to  start  mortification  in  the  stump.  The  soft  parts 
should  1*  allowed  to  separate  by  themselves  till  the  lxme  is  reached,  which  may  be 
cut  through  with  a  saw. 
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Supposing  gangrene  has  commenced,  or  is  still  making  progress,  and  that  all  active 
operative  treatment  is  inadmissible,  the  question  arises  as  to  what  can  be  done  to 
limit  its  advance. 

In  the  first  place,  moist  applications,  especially  poultices,  such  as  are  frequently 
used,  should  be  strongly  condemned ;  it  being  necessary  to  muse  with  the  utmost 
care  the  feeble  vitality  of  the  living  in  contact  with  the  dead  part ;  an  equable 
temperature  is  essential.  Covering  the  parts  with  a  poultice  produces  an  exactly 
opposite  result ;  it  means  that  the  part  is  constantly  exposed  to  a  changing  tempera- 
ture. When  first  applied,  the  temperature  is  abnormally  raised  by  the  poultice, 
while  on  its  removal,  it  is  found  to  have  become  cold  and  clammy.  To  maintain  an 
even  temperature,  and  to  prevent  the  frequent  exposure  of  the  part,  nothing  answers 
better  than  wrapping  up  the  entire  limb  from  the  toes  to  the  groin  in  a  thick  layer 
of  cotton-wool.  Before  applying  this  to  the  limb  generally,  the  part  actually 
gangrenous  should  be  covered  with  lint,  well  sprinkled  with  dry  carbolate  of  lime,  over 
which  should  be  placed  a  thick  layer  of  charpie  to  absorb  any  discharge ;  around  the 
whole  of  this,  extending  to  the  groin,  cotton-wool  should  be  wrapped.  Unless  the 
discharge  be  very  profuse,  it  will  be  sufficient  to  examine  the  part  only  every  third 
or  fourth  day,  and  change  the  internal  dressing.  Having  thus  attended  to  the 
maintenance  of  an  even  temperature,  the  positions  most  favourable  to  circulation 
should  be  encouraged  ;  the  foot  and  leg  being  slightly  elevated,  while  the  leg  is  partly 
bent  upon  the  thigh,  the  thigh  on  the  belly — a  position  which  admits  of  the  easiest 
circulation  through  the  main  vessels.  As  regards  the  general  treatment,  drugging 
the  patient  with  bark,  ammonia,  and  other  tonics,  and  forcing  upon  an  unwilling 
appetite  food  in  excess  of  the  digestive  power,  should  be  deprecated.  The  patient  should 
be  encouraged  to  take  a  moderate  and  nutritious  diet,  and  it  should  be  remembered 
that  absolute  rest  in  bed  means  little  tissue  change,  so  that  the  quantity  of  nutrition  ad- 
ministered should  be  less  rather  than  more  than  that  required  in  health.  Stimulants 
may  be  useful,  and  are  best  administered  in  the  form  of  a  moderate  quantity  of  good 
sound  wine.  No  rule  can  be  laid  down  as  to  the  exact  quantity,  but  it  should  be 
remembered  that  senile  gangrene  commonly  occurs  m  those  who  have  lived  freely ; 
therefore  it  might  not  be  wise  in  such  cases  to  diminish  the  quantity  of  stimulants 
to  which  the  patient  has  long  been  accustomed.  As  a  rixle,  from  half  a  pint  to  a 
pint  of  good  wine  will  meet  the  requirements  of  the  case.  Opium,  first  introduced 
into  the  treatment  of  gangrene  by  Pott,  is  the  only  drug  that  experience  has  hitherto 
shown  to  be  of  real  value  in  senile  gangrene.  Brodie,  indeed,  sets  so  high  a  value 
upon  it  that  he  says  he  has  never  known  a  case  recover  without  its  use.  Whether 
its  action  extends  further  than  the  general  sedative  effect  it  produces  upon  the  body, 
by  diminishing  pain,  is  doubtful.  It  may,  however,  have  some  more  direct  influence 
on  the  vascular  system.  Without  speculating  further  on  this  question,  the  general  con- 
sensus of  opinion  points  to  its  value  in  gangrene.  It  may  be  administered  in  doses 
of  a  grain  three  times  a  day,  to  commence  with,  and  gradually  increased.  Pott  recom- 
mended doses  of  two  grains  three  times  a  day  ;  but  it  is  well,  at  least  at  the  outset, 
to  begin  with  smaller  doses,  which  can  be  increased  as  occasion  requires. 

CLASS  II.— GANGRENE  FROM  FROST-BITE. 

From  the  social  and  climatic  conditions  of  this  country,  gangrene  from  frost- 
bite is  of  rare  occurrence,  and  the  isolated  cases  presenting  themselves  from  time 
to  time  in  our  hospitals  afford  but  limited  opportunities  for  its  study :  we  are 
therefore  chiefly  dependent  for  descriptions  of  the  disease  on  military  surgeons,  in 
whose  practice  it  is  of  frequent  occurrence.  The  extent  of  disaster  from  this  cause 
even  in  modern  campaigning,  may  be  judged  from  the  fact  that  in  the  French 
army  before  Sebastopol  2,800  cases  occurred  in  two  nights,  and  of  this  number 
900  subsequently  died,  while  Larrey's  description  of  the  fearful  result  of  cold  during 
his  retreat  with  the  army  from  Moscow  is  perhaps  not  only  the  most  interesting, 
but  the  most  accurate,  description  of  this  accident  extant. 

Gangrene  from  cold  is  not  simply  due  to  the  freezing  of  the  tissues ;  for  it  is  well 
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known  that  portions  of  animal  tissue  may  be  completely  frozen  and  yet  retain  their 
vitality ;  but  this  freezing  can  only  be  borne  for  a  limited  time.  Short  of  actual 
freezing,  the  frequent  or  prolonged  exposure  may  result  in  death  of  a  part. 

Gangrene  resulting  from  exposure  to  cold  occurs  either  by  the  complete  loss  of 
vitality  of  the  part  at  once  as  the  direct  result  of  the  long-continued  stagnation  of 
the  blood,  or  from  a  genuine  inflammation  which  subsequently  ensues  in  the  part 
after  the  circulation  has  been  re-established. 

The  gangrene  may  be  either  of  the  moist  or  dry  variety.  When  the  result  of 
inflammatory  changes  subsequent  to  exposure,  it  is  commonly  of  the  moist  variety 
— the  limb  being  the  subject  of  venous  engorgement  at  the  time  of  its  death. 

The  diagnosis  in  frost-bite  between  suspended  animation  and  death  is  especially 
difficult.  Billroth  records  two  cases  in  which  the  feet  were  dark  blue,  and  had 
lost  all  feeling,  and  in  which  the  prick  of  a  needle  was  followed  by  only  a  drop  of 
black  blood,  nevertheless  the  feet  recovered  and  only  a  few  toes  were  lost. 

Treatment. — -In  cases  of  impending  gangrene,  sudden  application  of  heat  to  the 
chilled  part  should  be  avoided,  warmth  being  slowly  restored  by  rubbing  gently 
with  oil.  Bergmann  strongly  advocates  the  suspending  of  the  limb  vertically,  thus 
facilitating  the  return  of  venous  blood,  and  obtained  excellent  results  from  this  plan 
of  treatment.  When  gangrene  is  clearly  established,  it  is  better  to  allow  the  parts 
to  separate  by  nature  ;  MacLeod  stating  that  during  the  Crimean  War,  '  the  removal 
of  bone  from  the  fingers  or  toes,  however  black  and  apparently  dead,  and  though  only 
attached  by  the  most  slender  connection,  was  certain  to  cause  a  great  amount  of 
irritation,  which  sometimes  became  alarming.'  Mr.  Coote  held  the  same  views, 
considering  '  that  a  surgical  operation  to  divide  even  the  smallest  band  was  found 
to  be  fraught  with  danger.' 

CLASS  III. — TRAUMATIC  GANGRENE. 

Much  confusion  has  arisen  about  this  form  of  gangrene,  and  at  first  it  seems 
impossible  to  reconcile  the  different  views  expressed  by  authors  as  to  the  course 
the  disease  runs,  and  its  necessary  treatment.  Larrey  taught,  and  many  subse- 
quent writers  have  followed  in  his  footsteps,  that  such  gangrene,  although  started 
by  an  injury,  has  a  tendency  to  advance,  not  only  as  far  as  the  injury  itself,  but 
that,  spreading  onwards,  it  extends  to  the  trunk,  and  that  such  a  catastrophe  can 
only  be  averted  by  an  immediate  amputation.  Other  writers,  on  the  contrary, 
affirm  that  the  gangrene  has  a  tendency  to  limit  itself,  Vincent  going  so  far  as  to 
state  that  '  for  many  years  he  had  never  seen  a  case  of  traumatic  gangrene  that  had 
failed  to  become  limited.' 

When  the  accurately  recorded  cases  of  the  older  writers  are  carefully  compared, 
the  causo  of  this  discrepancy  in  their  views  soon  becomes  apparent,  for  it  can  be  seen 
that  more  than  one  form  of  disease  perfectly  distinct  in  pathology  and  course  has 
been  described  under  the  common  heading  of  Traumatic  Gangrene. 

In  order  to  have  a  clear  idea  of  traumatic  gangrene,  it  is  necessary  to  subdivide 
the  varieties  of  this  disease,  and  it  will  be  found  that  there  are  at  least  three  forms 
with  features  sufficiently  distinct  to  admit  of  separate  consideration  ;  of  course  there 
will  be  many  which  can  scarcely  be  placed  under  any  of  these  separate  headings,  but 
for  which  an  explanation  must  be  sought  in  the  extent  to  which  two  or  more  causes 
combine  to  produce  the  phenomena. 

Lt  is  proposed  to  make  the  following  divisions  : — 

a.  Local  traumatic  gangrene. 

b.  Spreading  traumatic  gangi-ene. 

1.  From  cardiac  weakness  with  venous  thrombosis. 

2.  From  inflammatory  sepsis. 

a.  Local  Traumatic  Gangrene. — If  the  main  artery  and  vein  of  a  limb  be  occluded 
by  ligature,  the  parts  below,  being  suddenly  deprived  of  their  blood-supply,  will 
generally  die.  Such  a  death  is,  in  fact,  a  local  starvation.  It  is  limited  to  the  parts 
deprived  of  blood,  and  has  no  tendency  to  spread  to  the  parts  in  which  the  blood  is  still 
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circulating.  It  is  a  mechanical  death,  due  to  a  mechanical  cause.  Of  precisely- 
similar  nature  may  be  the  death  of  a  limb  following  the  laceration  or  obliteration 
of  the  vessels  from  an  injury.  The  blood- supply  to  the  parts  below  is  simply- 
cut  off  by  such  accident,  and  they  die  as  a  necessary  consequence.  Again,  suppos- 
ing the  whole  of  a  limb  were  crushed,  the  member  ceases  any  longer  to  be  an  in- 
tegral portion  of  the  body,  and  is  merely  retained  by  the  continuity  of  its  fibrous 
tissue.  It  is  as  completely  dead  as  if  it  had  been  actually  removed,  and  will  come 
under  the  ordinary  laws  of  decomposition. 

This  is  the  most  simple  form  in  which  traumatic  gangrene  is  observed.  It  is  the 
immediate  and  direct  consequence  of  the  injury,  and,  quite  independent  of  local  in- 
flammation or  previous  constitutional  conditions,  is  limited  to  the  part  deprived  of 
blood,  and  has  at  first  no  tendency  to  spread. 

Sometimes  an  injury  may  not  be  of  a  nature  so  severe  as  at  once  to  destroy  life, 
but  the  extravasation  of  blood  which  takes  place  into  the  limb  may  after  a  while 
exercise  such  pressure  as  to  obstruct  the  venous  circulation,  producing  a  condition  of 
affairs  which,  in  combination  with  the  ruptured  artery,  is  peculiarly  favourable  to 
gangrene. 

As  in  gangrene  the  direct  result  of  an  injury,  so  in  these  circumstances,  provided 
the  patient  be  of  sound  constitution  and  not  exposed  to  local  infection,  the  gangrene 
may  become  limited,  and  show  little  or  no  tendency  to  spread.  On  the  other  hand,  a 
limb  engorged  with  extra vasated  blood  forms  an  admirable  soil  for  the  propagation  of 
inflammatory  action,  and  should  any  part  of  it  become  poisoned,  the  disease  is  likely 
to  spread  with  ease  along  the  planes  of  blood-extravasation  in  a  manner  to  be  sub- 
sequently described. 

If  a  part  be  so  severely  crushed  as  to  destroy  the  continuity  of  the  main  vessels, 
the  parts  below  will  perish.  Such  an  accident  may  sometimes  occur,  notwithstanding 
the  integument  remaining  intact,  its  elasticity  and  toughness  causing  it  to  give  less 
readily  than  the  softer  parts  beneath. 

In  1835,  a  brewer's  servant  was  riding  asleep  on  the  shaft  of  a  dray  drawn  by  a  powerful 
team  of  horses,  when  passing  through  a  turnpike  the  man's  legs  were  jammed  between  the 
dray  and  the  gate-post.  The  patient  was  immediately  brought  to  the  Hospital.  The  right 
leg  was  severely  injured,  the  left  appeared  simply  cold  and  without  sensation.  Vitality  had 
left  it,  and  after  amputation  it  was  found,  that  although  the  integument  was  entire,  every 
tissue  had  been  crushed  and  divided  down  to  the  bone,  and  the  popliteal  nerve  alone  main- 
tained its  continuity. 

A  far  less  severe  injury  than  this  would  have  been  sufficient  to  have  killed  the 
limb. 

It  sometimes  occurs  that  rupture  of  the  main  artery  by  external  violence  may 
suffice  to  cause  mortification. 

In  a  case  occurring  at  the  Great  Northern  Hospital,  a  young  man  was  walking  downhill 
by  the  side  of  a  waggon,  one  wheel  of  which  was  locked.  He  fell  down  with  the  lower  part 
of  the  right  thigh  under  the  fastened  wheel.  In  this  position  he  was  dragged  a  short  dis- 
tance, but  the  wheel  did  not  pass  over  the  limb. 

When  admitted  into  the  Hospital  half  an  hour  later,  he  was  in  a  state  of  collapse,  with 
a  cold  moist  skin  and  a  feeble  pulse.    From  this  condition  he  soon  rallied. 

On  examination  of  the  injured  limb  there  was  a  superhcial  wound  over  the  patella.  The 
foot  and  lower  part  of  the  right  leg  were  colder  than  those  of  the  opposite  side,  the  limb  was 
much  swollen,  the  tibials  had  ceased  to  pulsate.  On  the  following  day,  the  foot  and  lower 
two-thirds  of  the  leg  were  of  a  dull  red  colour,  fading  into  a  deep  yellow  three  inches  below 
the  knee.  The  foot  was  cold  and  quite  insensible,  the  loss  of  sensation  and  coldness  ceased 
just  below  the  livid  line.  From  the  knee  to  Poupart's  ligament  the  whole  thigh  was  greatly 
swollen,  hard,  tense,  and  elastic  to  the  touch.  After  careful  examination  no  thrill  or  pulsa- 
tion could  be  detected  in  any  part  of  the  swelling.  Fifty  hours  after  the  accident  the 
foot  had  become  much  darker,  was  distinctly  gangrenous,  and  the  swelling  of  the  thigh 
remained  unaltered.  The  patient  assented  to  amputation,  which  I  performed  in  the  lower 
third  of  the  thigh.  On  examining  the  limb  after  amputation,  it  was  lound  that  the  popliteal 
artery  was  completely  torn  across,  just  above  its  division.  The  swelling  of  the  thigh  was 
caused  by  extensive  extravasation  of  blood  into  the  cellular  planes. 

The  gangrene  in  this  and  similar  cases  is  not  entirely  due  to  the  interruption  in 
continuity  of  the  main  artery,  otherwise  we  should  expect  more  frequently  to  have 
gangrene  after  the  ligature  of  a  vessel.  The  additional  factor  is  in  injury  to  the  main 
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vein,  or  in  extravasation  of  the  blood,  causing  swelling  of  the  limb  and  compression 
of  tbe  veins. 

As  already  mentioned,  after  ligature  of  a  vessel,  a  limb  is  generally  able  to  keep 
its  vitality  by  the  anastomosing  circulation,  provided  the  veins  be  not  obstructed  ; 
but  when  both  artery  and  vein  are  occluded  tbe  risk  of  gangrene  is  infinitely  greater. 

A  boy  was  admitted  into  St.  Bartholomew's  Hospital  with  a  fracture  of  the  lower  third 
of  the  femur.  The  fracture  was  put  up  with  an  outside  long  splint ;  but,  notwithstanding 
extension,  tbe  limb  remained  shortened,  and  slightly  bent  at  the  knee.  Tbe  next  day  it  was 
discovered  that  tbe  limb  was  livid,  cold,  and  insensible,  and  after  a  while  it  passed  into  a 
state  of  gangrene,  for  which  amputation  was  performed  in  tbe  lower  third  of  the  thigh. 

It  was  then  discovered  that  the  accident  had  been  a  separation  of  the  lower  epiphysis  of 
the  femur.  The  broad  expanded  end  of  the  upper  fragment  bad  been  driven  backwards  into 
tbe  popliteal  space,  lifting  upwards,  and  pressing  backwards  tbe  popliteal  artery  and  vein, 
which  were  stretched  tightly  across  it,  like  the  strings  of  a  fiddle,  causing  such  complete 
obliteration  of  their  cavities,  that  water  injected  with  a  powerful  syringe  could  not  be  made 
to  pass  tbe  occluded  portion. 

Such  cases  illustrate  the  local  form  of  traumatic  gangrene  resulting  from  the 
direct  interference  of  the  blood-supply  caused  by  the  injury,  and  are  wholly  indepen- 
dent of  any  constitutional  conditions  or  hygienic  surroundings. 

Symptoms. — In  considering  the  symptoms  of  local  traumatic  gangrene,  they 
must  ba  noted  in  the  order  in  which  they  occur.  If  tbe  injured  limb  be  examined  a 
few  hours  after  an  accident,  and  it  is  found  to  be  much  swollen,  cold,  and  numb,  and 
if  a  careful  search  fails  to  detect  pulsation  in  the  vessels  below  the  injury,  it  is  in  such 
a  low  vital  condition  that  fears  for  its  safety  may  well  be  roused.  Gangrene,  how- 
ever, by  no  means  necessarily  follows.  Coldness  in  the  limb  may  in  some  measure  be 
the  result  of  exposure,  while  the  absence  of  pulsation  may  indicate  a  general  condition 
of  shock.  In  such  an  early  stage,  it  is  impossible  to  predicate  the  future,  which  in  no 
small  measure  is  determined  by  the  treatment  of  the  patient. 

If  the  limb  be  slightly  raised  on  pillows,  if  it  be  carefully  covered  by  warm 
flannels  or  cotton-wool,  and  the  temperature  as  far  as  possible  maintained,  and  the 
patient  treated  with  all  the  gentleness  and  care  which  a  state  of  shock  demands,  in- 
cluding rest,  warmth,  and  moderate  stimulants,  it  may  happen  that,  as  the  heart's 
action  becomes  stronger,  warmth  may  again  return  to  the  limb,  and  pulsation  in  the 
distant  vessels.  On  the  other  hand,  if  a  limb  in  this  condition  be  subject  to  the 
tight  pressure  of  splints,  or,  worse  than  all,  that  of  a  circular  bandage,  and  if  no  care 
be  taken  of  the  general  condition  of  the  patient,  it  is  easy  to  pass  the  boundary  line 
between  suspended  vitality  and  death,  when  further  changes  in  the  limb  take  place. 
The  nature  of  the  injury  may  be  so  grave  that  a  subsequent  examination  of  the 
parts  discloses  a  condition  in  which  no  possible  care  could  have  influenced  the  result, 
the  limb  being  doomed  from  the  moment  of  the  accident.  Since,  however,  in  the 
earlier  hours  of  observation  it  is  often  impossible  to  estimate  the  extent  of  the  injury, 
there  can  be  no  question  but  that  it  should  be  treated  as  if  there  were  a  possibility 
of  saving  the  limb.  If,  notwithstanding  all  care,  on  the  following  day  the  limb  has 
become  colder,  and  the  sensation  is  still  further  impaired,  if  it  shows  a  tendency 
generally  to  become  swollen,  and  its  surface  assumes  a  dusky  red  or  leaden  hue,  and 
pressure  by  the  finger  indicates  stasis  in  the  capillary  vessels,  there  is  a  condition  of 
impending  gangrene  to  deal  with,  which,  after  a  lapse  of  another  twenty-four  to  forty- 
eight  hours,  is  declared  by  the  commencing  decomposition  of  the  part. 

Before  this  decomposition  actually  occurs,  it  is  scarcely  possible  accurately  to 
judge  the  extent  of  the  gangrene  ;  for  there  is  often  a  brown  discoloration  extending 
considerably  beyond  the  part  really  dead,  which,  together  with  the  swelling,  produces 
a  deceptive  appearance.  An  emphysematous  crackling  may  also  extend  a  consider- 
able distance  up  the  limb.  This  is  due  to  gas  evolved  in  the  part  already  dead,  which 
being  unable  readily  to  escape,  infiltrates  the  subcutaneous  tissue.  In  these  cir- 
cumstances loss  of  sensibility,  as  determined  by  the  prick  of  a  needle,  is  the  most 
reliable  guide  to  the  extent  of  the  mischief. 

The  late  Mr.  Coote  in  his  essay  in  the  last  edition  of  this  work  thus  describes  the 
appearance  : — '  The  skin  becomes  of  a  deeper  and  more  livid  hue,  and  here  and  there 


SPREADING.  TRAUMATIC  GANGRENE. 


133 


patches  of  dusky  brown,  green,  or  blue  mottle  the  surface.  The  cuticle  becomes 
loosened  and  rises  in  blisters.  The  temperature  falls,  and  the  discoloured  parts 
become  cold  and  insensible  ;  the  colour  of  the  skin  becomes  deeper  and  blacker.  A 
thin  stinking  fluid  issues  from  the  exposed  integuments,  and  gas  is  evolved  from  the 
decomposition  of  fluids  in  the  deeper  structures.  If  a  limb  which  has  undergone  this 
change  be  cut  into,  the  deeper-seated  tissues  are  found  to  be  soft,  putrid,  and  rotten. 
They  are  soaked  in  a  thin  fetid  serum  mixed  with  bubbles  of  gas.  The  colour  varies 
from  ash  colour  to  brown,  and  the  tendons  retain  much  of  their  normal  appearance, 
except  that  when  handled  they  are  found  to  be  softer  than  natural.' 

b.  Spreading  Traumatic  Gangrene. — It  is  possible  to  recognise  two  distinct  forms 
of  spreading  gangrene  resulting  from  injury  ;  in  the  one  the  disease  can  be  traced  to 
previous  weakness  in  the  circulatory  system,  the  injury  playing  but  a  secondary 
part ;  while  in  the  other,  local  causes  predominate,  but  yet  are  much  influenced  by 
the  previous  condition  of  the  patient's  health. 

1.  Spreading  Gangrene  from  Cardiac  Weakness  with  Venous  Thrombosis. — 
This  form  of  gangrene,  due  to  previous  weakness  in  the  circulatory  system,  is  of  the 
gravest  nature,  inasmuch  as  it  depends  on  conditions  beyond  the  control  of  surgery. 
It  attacks  those  who  prior  to  the  accident  have  been  suffering  from  a  weak  or  diseased 
condition  of  the  heart,  or  who  at  the  time  of  the  accident  have  received  grave  internal 
injuries  to  the  thoracic  organs.  The  local  injury  itself  may  be  of  a  comparatively 
trifling  nature,  but  nevertheless  it  is  sufficient  to  start  the  process,  and  should  be 
regarded  as  the  determining  rather  than  the  chief  cause  of  the  gangrene. 

Post  mortem  observations  have  thrown  much  light  on  these  cases  ;  for,  not  only 
have  they  disclosed  a  generally  impaired  condition  of  the  circulatory  system,  but 
have  shown  that  the  main  vein  of  the  affected  limb  is  generally  occluded  by  a 
thrombus.  It  is  as  if  the  force  behind  had  been  insufficient  to  drive  the  venous  blood 
forward  at  such  a  rate  as  to  prevent  coagulation. 

This  coagulation  commences  immediately  behind  some  of  the  valves  within  the 
main  veins,  from  which  point  the  thrombus  extends. 

It  has  frequently  been  noticed  that  in  gangrene  of  the  lower  extremity  the  thrombus 
has  formed  aboutthe  valves  in  the  upper  part  of  the  femoral  vein.  Although  the  gan- 
grene directly  follows  venous  thrombosis,  for  the  true  cause  we  must  look  further,  and 
remember  that  thrombosis  alone  will  not  cause  gangrene.  The  formation  of  the  clot 
results  from  a  feeble  circulation,  being  still  further  reduced  by  the  local  effects  of  an 
injury.  This  dreaded  form  of  gangrene  therefore  must  be  regarded  as  the  result  of 
venous  obstruction,  with  a  feeble  arterial  circulation,  while  the  injury  serves  as  the 
link  establishing  the  connection  of  the  one  as  the  consequence  of  the  other. 

It  usually  commences  on  the  second  or  third  clay  following  the  injury,  and 
attacks  the  extremities  rather  than  the  wound  itself.  It  spreads  upwards  inch  by 
inch  with  alarming  rapidity,  so  that,  in  the  course  of  twenty-four  hours,  the  whole 
limb  may  be  involved.  There  is  a  total  absence  of  all  local  inflammatory  symptoms. 
The  limb  becomes  slightly  swollen,  and,  as  gangrene  proceeds,  it  turns  to  an  olive 
green  or  dark  leaden  colour.  The  general  condition  of  the  patient  is  one  of  extreme 
vital  depression,  with  hurried  respiration,  a  rapid  pulse,  and  if  the  gangrene  extend 
to  the  trunk,  death  inevitably  ensues. 

A  man  fell  down  a  lift  shoot,  and  when  admitted  into  St.  Bartholomew's  Hospital  was 
suffering  severely  from  shock.  There  was  a  fracture  in  the  lower  third  of  the  forearm,  and 
a  deep  lacerated  wound  on  the  lower  third  of  the  thigh,  some  of  the  ribs  were  broken,  and 
there  were  many  bruises  about  the  back.  The  following  day,  after  passing  a  restless  night, 
he  complained  that  the  hand  and  fingers  of  the  affected  arm,  which  had  been  placed  in  lateral 
splints,  felt  numb.  The  next  morning,  the  hand  and  forearm,  as  high  as  the  elbow,  were 
gangrenous,  and  of  a  dull  leaden  green  colour.  The  pulse  was  feeble  and  130.  In  the 
course  of  a  few  hours  the  gangrene  had  spread  considerably,  but  its  advance  was  not  pre- 
ceded by  redness  or  any  inflammatory  symptoms,  with  the  exception  of  a  little  swelling. 
The  limb  was  amputated  at  the  shoulder-joint.  At  the  point  of  section  the  axillary  artery 
was  pervious,  but  the  vein  was  filled  with  clot.  He  remained  for  two  days  in  a  restless 
condition,  and  complained  of  great  pain  in  the  right  leg.  It  was  then  observed  that  this 
was  becoming  gangrenous,  and  in  thirty-six  hours  the  mortification  had  spread  half-way  up 
the  thigh.  During  this  time  the  pube  was  rapid  and  scarcely  perceptible,  and  death  took 
place  a  few  hours  later. 
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The  post-mortem  examination  in  this  case  was  of  extreme  interest,  throwing  light 
upon  what  first  appeared  a  very  obscure  disease.  Upon  opening  the  chest,  the  pleurae 
of  both  sides  were  firmly  adherent  from  old  disease,  the  pericardium  also  was 
adherent ;  though  no  disease  of  the  valves  of  the  heart  could  be  detected,  there  was 
a  considerable  deposit  of  fatty  tissue  about  and  between  its  muscular  fibres.  Five  of 
the  ribs  of  the  left  side  were  broken.  The  right  femoral  and  external  iliac  vein  were 
filled  with  a  firm  blood-clot.  These  appearances  supplied  a  ready  explanation  of  the 
gangrene,  the  thoracic  organs  showing  a  considerable  amount  of  previous  disease, 
and  the  severe  injury  to  the  chest- wall  doubtless  further  decreasing  the  power  of 
circulation.  These  causes,  acting  in  combination  with  local  injuries,  were  sufficient 
to  determine  the  clotting  of  blood  in  the  veins  of  the  affected  limbs  and  the  conse- 
quent gangrene. 

2.  Spreading  Traumatic  Gangrene  from  inflammatory  Sepsis. — The  two 
forms  of  gangrene  following  an  injury  which  have  just  been  described  admit  of  a  com- 
paratively simple  pathological  explanation,  but  the  spreading  gangrene  from  inflam- 
mation is  a  more  complex  process.  The  virulence  of  some  specific  poison  may  produce 
so  violent  an  inflammation  as  rapidly  to  destroy  the  vitality  of  the  part,  notwithstand- 
ing the  previously  healthy  condition  of  the  patient.  The  injury  in  such  cases,  however, 
plays  so  small  a  part,  that  it  sesms  preferable  to  describe  this  form  undei'  the  separate 
heading  of  Acute  Gangrene  due  to  Specific  Infection. 

In  persons  of  vitiated  constitution,  such  as  is  produced  by  diabetes  or  alcohol, 
the  tissues  appear  to  resent  the  smallest  injury,  and  have  so  little  resisting  power, 
that  they  succumb  to  an  inflammatory  condition  which  in  the  healthy  would  produce 
a  merely  local  irritation ;  it  would  seem,  moreover,  as  if  the  tissues,  especially  when 
engorged  by  serum  or  extravasatsd  blood,  furnish  a  soil  peculiarly  favourable  to  the 
germination  of  organisms  giving  rise  to  inflammatory  processes.  Thus  it  is  to  a 
large  extent  persons  of  broken  constitution  who  furnish  examples  of  traumatic  inflam- 
matory gangrene. 

But,  notwithstanding  the  predisposing  causes  attributable  to  the  constitutional 
condition  of  the  patient,  and  the  extravasated  blood  in  the  limb,  the  actual  starting 
point  of  the  disease  is  the  inoculation  of  the  tissues  by  the  products  of  decompo- 
sition generated  in  the  wounded  part.  The  recognition  of  this  fact  must  be  of  the 
utmost  importance  when  considering  the  question  of  treatment; 

The  gangrenous  process  commencing  in  the  neighbourhood  of  the  wound  spreads 
upwards,  inch  by  inch,  into  the  infiltrated  tissue,  preceded  by  swelling  and  a  dusky 
zone  of  inflammation.  The  raised  temperature,  the  rapid  pulse,  together  with  other 
febrile  symptoms,  show  how  deeply  the  general  condition  of  the  patient  is  affected 
by  the  process.  Thus,  as  the  gangrene  advances,  the  strength  of  the  patient  rapidly 
fails.  From  the  quick  manner  in  which  the  tissues  decompose,  it  is  probable  that  at 
the  time  of  their  death  they  are  already  infiltrated  with  organisms  causing  putrefac- 
tion, and  that  the  preceding  inflammation  is  due  to  the  morbid  material  successively 
invading  the  living  tissue,  which,  from  its  previous  state  of  nutrition,  is  quite  incapable 
of  forming  a  barrier  against  the  advancing  poison.  In  the  more  acute  forms  the 
symptoms  are  nearly  identical  with  those  of  acute  gangrene  described  on  page  136 
and  need  not  be  here  further  considered.  The  following  is  a  good  example  of  the 
spreading  traumatic  gangrene  from  inflammatory  sepsis  : — 

A  patient,  aged  54,  of  intemperate  habits  and  broken  health,  was  admitted  into  the 
Stamford  Infirmary  under  Dr.  Newman,  four  days  after  an  injury  to  the  soft  parts  of  the 
fingers  and  palm  of  the  hand,  caused  by  a  cask  of  ale  rolling  upon  them.  On  admission  the 
hand  was  swollen  and  tense,  with  both  surfaces  covered  with  large  bullte.  The  swelling 
extended  up  to  the  elbow,  and  on  the  following  day  much  serous  fluid  was  discharged  from 
the  bullie,  the  fingers  were  black,  and  the  cuticle  beginning  to  separate.  There  was  severe 
constitutional  disturbance.  Two  days  later  he  was  found  to  have  a  rapidly  increasing  gan- 
grene. Within  six  hours  the  process  had  markedly  advanced,  and  reached  almost  to  the 
middle  of  the  forearm.  The  man  was  delirious,  with  great  dyspnoea  and  high  temperature. 
Dr.  Newman  amputated  the  arm  at  the  junction  of  the  upper  with  the  middle  third,  the 
patient  slowly  recovered,  and  was  discharged  in  fair  general  health. 

Treatment. — In  considering  the  treatment  of  traumatic  gangrene,  the  main  ques- 
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tion  is  that  of  amputation.  So  long  as  surgeons  made  no  attempt  to  distinguish  the 
varieties  of  traumatic  gangrene,  the  greatest  divergence  of  opinion  existed  as  to  the 
propriety  of  amputating,  the  operation  being  regarded  by  some  as  the  only  means  of 
saving  life,  while  others  asserted  that  it  tended  to  hasten  a  fatal  issue.  In  an 
article  in  St.  Bartholomew's  Hospital  Reports,  in  1872,  Mr.  Savory  draws  attention 
to  this  important  matter,  and  states,  as  a  result  of  extensive  experience,  his  belief 
that,  '  in  proportion  as  the  surgeon  can  fairly  estimate  the  relative  share  of  the 
factors  in  the  result,  or,  in  other  words,  determine  whether  the  mischief  is  due  more 
to  local  or  constitutional  causes,  will  an  operation  in  his  hands  prove  suc- 
cessful.' 

There  can  be  no  doubt  as  to  the  truth  of  this  proposition,  but  the  real  difficulty 
lies  in  determining  the  part  played  by  the  two  sets  of  causes.  An  endeavour  will 
be  made  to  clear  the  way  as  far  as  possible,  by  considering  first  the  cases  in  which 
amputation  should  not  be  undertaken,  and  subsequently  those  in  which  an  operation 
should  undoubtedly  be  performed. 

When  the  form  of  gangrene  occurs  which  has  been  described  on  page  133  and  the 
cause  of  which  is  due  to  defective  power  in  the  general  circulation,  there  can  be  no 
doubt  that  an  immediate  operation  can  be  of  no  benefit  to  the  patient.  After  the 
venous  circulation  has  once  become  arrested,  the  wound  itself,  and  the  portion  of 
the  limb  already  dead,  play  no  part  in  causing  the  further  extension  of  the  gangrene. 
An  amputation,  therefore,  can  have  no  control  over  the  disease,  inasmuch  as  it  can 
neither  increase  the  power  of  the  heart,  nor  clear  the  obstructed  veins,  while  the 
shock  of  the  operation  and  loss  of  blood  may  still  further  depress  the  patient's  vital 
powers. 

Every  care  shoidd  be  taken  to  keep  the  part  warm,  in  a  position  to  favour  circu- 
lation, while  the  free  administration  of  opium  and  stimulants  may  husband  the 
strength  sufficiently  to  tide  over  the  crisis.  But  the  prognosis  is  extremely  un- 
favourable, nearly  all  the  cases  having  a  rapidly  fatal  termination. 

On  the  other  hand,  in  local  traumatic  gangrene  resulting  solely  from  severe 
injury,  the  part  should  be  removed  so  soon  as  there  are  unmistakable  signs  of 
its  death,  the  point  for  operation  being  selected  as  near  the  injured  part  as  sound 
tissue  can  be  obtained.  Notwithstanding  that  there  are  plenty  of  cases  recorded  in 
which  nature  limits  this  gangrene  to  the  part  actually  injured,  there  is  no  necessity  to 
wait  for  a  line  of  demarcation  before  performing  the  operation.  During  such  delay 
the  patient  is  in  danger  from  inflammatory  processes  being  started,  which  are 
liable  to  spread  along  the  tracks  of  extrava  sated  blood,  and  the  advantage  of  an  ampu- 
tation through  healthy  tissue  is  lost.  Thus  far  has  been  considered  the  treatment 
of  the  two  varieties  of  gangrene  following  an  injury,  neither  of  which  result  from, 
nor  are  complicated  by,  inflammatory  processes.  The  one  is  almost  wholly  due  to 
constitutional  causes,  for  which  an  amputation  is  useless,  the  other  entirely  depen- 
dent on  the  local  injury  requiring  the  immediate  removal  of  the  limb. 

The  question  as  to  the  propriety  of  amputating  for  spreading  traumatic  gangrene, 
the  result  of  inflammation,  is  more  complicated,  inasmuch  as  the  previous  con- 
stitutional condition  of  the  patient,  and  local  causes,  each  play  a  conspicuous  part  in 
the  event. 

Of  course  amputation  can  in  no  way  remedy  the  previous  constitutional  condition ; 
but,  if  performed  above  the  part  already  implicated,  it  can  in  all  cases,  for  the  time, 
cut  off  the  supply  of  the  infecting  material,  while  in  many  a  prompt  amputation  has 
permanently  arrested  the  disease.  Although,  unfortunately,  it  sometimes  happens 
that  gangrenous  action  recommences  in  the  stump,  this  cannot  be  considered  as 
evidence  that  the  operation  was  ill  advised,  but  should  rather  be  regarded  as 
showing  that  it  had  been  too  long  delayed  to  prevent  the  general  infection  of  the 
limb. 

It  would  seem  probable,  from  the  light  of  modern  experience,  that,  by  strict 
antiseptic  precautions,  amputation  wounds,  even  in  the  worst  constitutions,  may  heal 
with  little,  if  any,  inflammatory  disturbance.  Yet  the  records  of  surgery  show  but 
too  clearly  that,  if  no  precautions  be  taken  to  guard  the  wounds  from  inoculation, 
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this  class  of  cases  are  specially  liable  to  be  followed  by  acute  inflammatory  action. 
The  deduction  from  this  seems  to  be  that,  even  in  the  most  unhealthy  tissue,  some 
local  infection  is  necessary  to  start  an  inflammatory  process.  Upon  this  theory, 
therefore,  it  would  appear  as  if  the  indication  for  treatment  was  to  remove  the  part 
already  implicated,  and  by  antiseptic  precautions  to  prevent  the  stump  from  being 
again  infected.  It  is  not,  however,  from  theory  alone  that  amputation  is  advocated, 
but  from  the  fact  that  innumerable  cases  of  spreading  gangrene  have  been  com- 
plet  ly  arrested  by  operation,  and  the  patient's  life  saved.  It  is  not  asserted  that 
this  form  of  inflammatory  traumatic  gangrene,  if  left  to  itself,  never  becomes  arrested, 
but  the  probability  of  its  doing  so,  and  the  chance  of  general  septic  infection,  have 
to  be  weighed  against  the  dangers  of  an  amputation.  The  general  experience  of 
surgeons  is  almost  universally  in  favour  of  amputation,  and  if  this  be  performed 
well  above  the  gangrenous  part,  so  soon  as  the  disease  is  recognised,  the  patient  will 
have  a  fair  chance  of  recovery. 

CLASS  IV. — SPECIFIC  SEPTIC  GANGRENE. 

a.  Acute  Inflammatory  Gangrene. — The  gangrene  which  results  from  acute 
violent  inflammation  following  upon  the  inoculation  of  some  septic  material  differs 
in  degree  rather  than  in  kind  from  the  traumatic  gangrene  just  described.  In  one 
sense  it  is  traumatic,  for  it  follows  upon  a  wound,  but  yet  the  wound  is  not  the  real 
cause,  but  merely  provides  the  means  by  which  some  subtle  poison  obtains  admission. 
The  previous  constitutional  condition  plays  little  part  in  the  cause ;  the  strong 
and  vigorous  have  doubtless  a  better  chance  of  recovery,  though  they  are  as  prone 
to  be  attacked  as  the  weak  and  sickly.  There  are  certain  substances  which,  when 
introduced  into  the  tissues,  act  as  violent  poisons  upon  the  parts  within  their 
influence.  The  nature  of  this  material  is  still  uncertain.  It  is  present  in  the 
bodies  of  those  who  die  from  septicaemia,  or  kindred  affections,  and  it  seems  highly 
probable,  from  recent  research,  that  it  is  either  due  to  minute  organisms  (bacteria), 
or  to  some  chemical  material  produced  by  their  germination.  Judging  from  the 
symptoms  following  inoculation,  the  effect  of  this  poison  must  be  closely  allied  to 
that  produced  by  the  bite  or  sting  of  certain  venomous  reptiles  or  insects. 

Experiments  upon  animals  show  that  gangrene  of  the  part  frequently  follows 
viper  bites.  Brodie  mentions  a  case  in  which,  a  few  hours  after  the  bite  of  a  rattle- 
snake on  the  finger,  the  arm  became  swollen,  and  assumed  a  purple  colour,  the 
affected  part  subsequently  becoming  gangrenous.  The  two  following  cases,  brought 
forward  on  the  same  evening  at  the  Clinical  Society,  serve  as  admirable  examples  of 
acute  inflammatory  gangrene  following  septic  inoculation. 

A  nurse  when  laying  out  the  body  of  a  lady  who  had  died  of  acute  puerperal  septicaemia, 
pricked  her  thumb  with  a  pin;  she  applied  nitrate  of  silver  to  the  puncture;  the  next  day  the 
hand  was  swollen  and  painful.  On  the  fourth  day,  when  admitted  into  University  College 
Hospital,  the  whole  arm  was  swollen  and  tense.  Two  incisions  were  made  ;  on  the  following 
day  the  baud  and  forearm  had  mortified.  At  first  the  gangrene  seemed  limited  to  the 
forearm,  and  the  swelling  of  the  upper  arm  decreased  for  a  few  hours ;  but,  a  relapse  taking 
place,  Mr.  Heath  amputated  at  the  shoulder-joint.    The  patient  made  a  rapid  recovery, 

E.  T.,  aged  42.  a  steadv  hard-working  man,  was  admitted  into  St.  Bartholomew's 
Hospital  on  November  19,  1880.  A  fortnight  previously,  when  working  at  turf-cutting,  he 
pricked  his  thumb  with  a  piece  of  gorse.  Eight  days  later,  having  felt  little  pain  in  the 
meautime,  he  had  a  severe  rigor.  The  next  day  the  ball  of  the  thumb  commenced  to  swell, 
and  was  painful.  During  the  next  four  days,  the  swelling  extended  into  the  palm,  and  the 
pain  becoming  very  intense,  he  sought  relief  at  the  Hospital. 

On  admission  the  hand  and  fingers  were  of  a  dark  violet  colour,  greatly  swollen,  the  skin 
being  very  tense  and  hard.  There  was  no  sensation  in  the  fingers,  the  swelling  extending  as 
high  as  the  elbow.  The  parts  about  the  wrist  were  of  a  deep  red  colour,  passing  into  a 
brighter  red,  which  extended  half-way  up  the  forearm.  The  rest  of  the  swollen  part  was  not 
altered  in  colour.  Temperature  100°,  pulse  f)G,  pain  very  intense,  and  entirely  preventing 
sleep.    A  limited  incision  into  the  hand  let  out  only  a  small  quantity  of  dark  blood. 

The  next  day  the  pain  still  continuing  very  severe,  and  the  swelling  increasing,  incisions 
were  made  into  the  forearm.  That  night  he  had  no  sleep,  was  restless  and  delirious.  The 
following  morning  there  was  great  prostration.  The  pulse  at  the  wrist  was  120  and  scarcely 
perceptible.  He  could  only  with  difficulty  be  kept  quiet  in  bed,  tossing  from  side  to  side. 
The  swelling  had  now  exteuded  to  the  axilla,  with  some  emphysematous  crackling  of  the 
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subcutaneous  tissue.  The  forearm  as  far  as  the  elbow,  which  was  swollen  to  double  its 
natural  size,  was  of  a  deep  red  colour.  The  incisions  made  on  the  previous  day  gaped  widely. 
The  hand  and  lower  third  of  the  forearm  were  quite  black,  with  a  hiphly  foetid  odour,  the 
mortification  appearing  to  be  rapidly  advancing.  After  consultation,  the  arm  was  amputated 
at  the  shoulder,  the  cut  parts  being  infiltrated  with  serum. 

On  November  28,  the  day  after  the  amputation,  the  condition  of  the  patient  quite  altered  ; 
be  had  some  hours  of  quiet  sleep,  the  pulse  had  fallen  to  90,  and  was  of  fair  volume.  He 
expressed  himself  as  immensely  relieved,  and  entirely  i'ree  from  pain.  He  continued  to 
progress  favourably  until  the  25th,  when  there  was  some  slight  swelling  of  the  flaps,  and 
the  discharge  was  noticed  to  be  offensive.  On  the  29th  the  patient  complained  of  pain 
in  the  neck,  but  the  stump  still  remained  fairly  healthy.  Three  days  later  an  abscess  contain- 
ing 3  ozs.  of  pus  was  opened  in  the  neck.  During  the  next  four  days,  there  was  little  change 
in  his  condition,  but  on  December  5  (the  13th  day  after  amputation)  he  had  a  severe  rigor. 
The  whole  face  and  side  of  the  neck  became  much  swollen.  The  swelling  was  not  red,  but 
felt  hard  and  brawny.  On  the  7th  an  incision  was  made  into  the  swelling,  but  no  pus  was 
found  ;  during  the  next  two  days  the  swelling  increased.  Blood  and  albumen  appeared  in 
the  urine.  On  the  9th,  black  spots  appeared  about  the  face,  and  the  next  morning  the  whole 
face  was  in  a  horrid  condition,  black  and  gangrenous,  death  taking  place  durmg  a  spasm  of 
dyspnoea. 

These  cases  serve  as  admirable  illustrations  of  an  acute  and  violent  inflamma- 
tion passing  into  gangrene.  It  is  impossible  to  allow  that  any  previous  condition  of 
the  constitution  was  the  cause  of  such  violent  action,  the  sufferers,  especially  the 
latter,  being  previously  perfectly  strong  and  healthy. 

How  far  in  a  pathological  sense  it  may  be  possible  to  draw  a  clear  distinction 
between  this  acute  inflammatory  gangrene,  and  the  two  forms  described  as  traumatic 
spreading  gangrene  and  hospital  gangrene  (acute  form),  is  doubtful.  But,  at  any 
rate,  the  mode  of  origin  of  the  disease,  and  the  class  of  persons  affected,  give  the  cases 
sufficient  clinical  characteristics  to  justify  their  being  considered  under  separate 
headings. 

Symptoms. — Having  described  the  cases  in  so  much  detail,  it  is  now  merely  neces- 
sary to  shortly  recapitulate  the  prominent  symptoms.  The  onset  of  the  disease  closely 
resembles  what  is  observed  in  ordinary  cases  of  septic  infection,  generally  commencing 
with  a  rigor,  followed  by  intense  smarting  pain  at  the  affected  part ;  the  part  soon 
becomes  much  swollen,  hard,  and  brawny,  and  assumes  a  dark  red  colour  from  the 
capillary  congestion.  In  the  course  of  time,  varying  from  a  few  hours  to  as  many 
days,  the  tissues  nearest  the  centre  of  the  primary  inflammation  become  of  a  dark 
violet  or  black  colour,  with  foetid  odour,  lose  their  sensibility,  and  commence  quickly 
to  decompose.  The  decomposition  is  often  so  rapid  as  to  appear  nearly  simultaneous 
with  the  death  of  the  part.  In  the  meantime,  the  limb,  for  a  considerable  distance 
above  the  gangrened  portion,  is  in  a  condition  resembling  that  of  acute  phlegmonous 
inflammation,  into  the  lower  portion  of  which  the  gangrene  rapidly  extends,  while  in 
the  upper  portion  the  inflammation  advances  towards  the  trunk.  The  pain  and 
mental  distress  are  extreme,  and  the  pulse,  at  first  hard  and  strong,  soon  becomes 
rapid  and  feeble ;  the  strength  quickly  failing,  the  siifferer  almost  certainly  dies, 
within  a  few  days  at  the  most  of  the  onset  of  the  disease,  unless  a  timely  interference 
be  resorted  to. 

Treatment. — The  gravest  question  that  arises  in  acute  spreading  gangrene  is 
whether  an  amputation  can  afford  any  prospect  of  relief. 

It  has  seldom  been  my  lot  to  witness  a  more  marvellous  effect  upon  the  patient's 
condition  than  followed  upon  the  amputation  in  the  case  of  E.  T.  In  the  hours 
preceding  the  amputation  the  patient  was  in  a  semi-delirious  state,  tossing  from  side 
to  side  in  bed;  a  rapid  pulse,  a  high  temperature,  a  hurried  respiration — -in  a  state, 
in  fact,  in  which  one  hourly  expects  a  condition  of  prostration  and  death  to  set  in. 
A  few  hours  after  the  operation  the  pulse  had  fallen  by  forty  beats,  the  respiration 
was  about  one  half,  with  a  temperature  lowered  by  several  degrees,  and,  above  all,  the 
patient  had  fallen  into  a  peaceful  quiet  sleep,  from  which  he  awoke  after  many  hours, 
with  a  complete  absence  of  pain,  perfectly  conscious,  and  with  a  desire  for  food. 

Unfortunately,  however,  the  relief  was  only  temporary  ;  for  although  this  quies- 
cent state  continued  till  the  thirteenth  day,  and  hopes  were  entertained  that  the 
patient  would  recover,  he  was  again  seized  with  a  rigor  and  febrile  symptoms. 
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Let  the  termination  of  this  case  be  contrasted  with  Mr.  Heath's.  In  both 
instances  the  immediate  relief  of  bad  symptoms  was  remarkable  after  amputation. 
In  the  one  case  the  relief  was  permanent,  and  the  patient  lived  ;  in  the  other  it  was 
temporary,  and  the  patient  died.  Such  a  difference  in  the  result  might  be  explained 
in  the  constitutional  tendency  of  each  patient ;  but  yet  there  is  difficulty  in  not 
believing  that  the  conditions  would  have  been  changed  had  the  amputation  been 
performed  early  in  the  former  case,  and  late  in  the  latter. 

In  Mr.  Heath's  patient,  the  local  poison  was  removed  before  secondary  infection 
had  taken  place. 

In  the  case  of  E.  T.,  the  severity  of  the  constitutional  symptoms  was  in  great 
measure  due  to  the  pain  and  irritation  of  the  decomposing  member,  and  subsided  to 
a  great  extent  on  its  removal,  and  the  constitutional  condition  of  the  patient  was 
thereby  placed  under  much  more  favourable  circumstances  to  contend  with  the 
general  pysemic  condition,  had  such  infection  already  taken  place.  The  problem 
Under  consideration  is,  whether  the  chances  of  life  to  the  patient  are  increased  by 
an  amputation.  On  the  one  side  we  have  a  rapidly  progressive  disease,  which  must 
almost  inevitably  destroy  the  patient  by  its  advance ;  on  the  other  a  remedy  which 
at  the  woi'st  can  only  accelerate  death  by  a  few  hours,  while  occasionally  it  has  been 
the  means  of  completely  relieving  the  patient.  Of  course,  if  the  sufferer  be  obviously 
dying  of  general  infection  of  the  system,  it  is  too  late  for  any  operation  to  be  under- 
taken ;  but,  if  the  patient  be  not  in  a  state  of  collapse,  amputation  is  imperatively 
demanded  ;  and  the  chance  of  recovery  depends  irpon  the  promptitude  with  which  the 
operation  is  performed  after  the  nature  of  the  disease  be  recognised.  If  the  hand 
and  forearm  be  affected,  an  amputation  just  short  of  the  shoulder -joint  is  a  less  for- 
midable operation  than  through  the  joint  itself;  while,  if  gangrene  attack  the  lower 
extremity,  an  amputation  high  up  in  the  thigh  may  be  undertaken.  Taking  into 
consideration  the  condition  of  the  patient  in  achte  spreading  gangrene,  amputation 
at  the  hip-joint  is  too  severe  an  operation  to  be  entertained.  If  amputation  be 
refused,  some  surgeons  have  believed  benefit  to  follow  free  incisions  of  the  inflamed 
tissue. 

b.  Hospital  Gangrene. — Closely  allied  to  the  acute  inflammatory  gangrene  just 
described  is  a  highly  contagious  form  of  disease  which  has  been  variously  termed 
gangrenosa  contagiosa,  pourriture,  hospital  gangrene. 

Owing  to  the  improved  sanitary  and  hygienic  conditions  of  our  civil  hospitals, 
this  form  of  gangrene  is  much  less  frequent  than  in  former  days,  and  is  seldom  met 
with  in  civil  practice.  Single  cases  may,  however,  occur  from  time  to  time  ;  or  the 
disease  may  occasionally  assume  an  epidemic  form.  The  contagious  nature  of  this 
disease  has  been  established  beyond  all  doubt.  Not  only  are  there  innumerable 
instances  of  its  spread  by  contact  from  one  patient  to  another,  but  frequently  by 
direct  inoculation  from  the  sufferer  to  the  attendant.  Pouteau  describes  his  own 
case,  in  which  he  contracted  the  disease  by  pricking  the  finger.  Olivier  inoculated 
himself  on  the  deltoid,  the  disease  showing  itself  on  the  third  day  from  the  injury. 

Although  opportunities  have  not  yet  occurred  of  demonstrating  the  nature  of  the 
contagious  principle,  yet  it  is  impossible  to  pass  over  without  observation  the 
remarkable  experiments  of  Koch,  who  succeeded  in  inoculating  with  unerring 
certainty  rabbits  and  mice  with  a  form  of  gangrene  closely  analogous  to  that  under 
consideration. 

His  experiments  point  clearly  to  the  conclusion  that  the  gangrene  is  due  to  minute 
microccocci,  which  by  t  hemselves,  or  by  the  acrid  product  of  fermentat  ion,  caused  by 
their  presence,  are  the  cause  of  the  progressive  destruction  of  the  tissue.  The 
organism  present  consists  of  minute  microccocci,  which  rapidly  increases  by  the 
regular  formation  of  chains.  They  do  not  appear  to  be  present  in  the  blood,  for 
they  cannot  be  transmitted  by  blood  inoculation.  The  inoculation  from  point 
to  point  acts  with  unerring  certainty.  The  point  of  a  perfectly  clean  knife  was 
merely  brought  in  contact  with  the  spreading  gangrene,  and  when,  with  this  knife, 
another  animal  was  immediately  inoculated,  the  disease  was  transmitted  on  every 
occasion. 
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Koch's  conclusion  as  to  the  manner  in  which  these  organisms  act  is  that,  intro- 
duced by  inoculation  into  animal  tissue,  they  multiply,  and  as  a  part  of  the  process 
excrete  soluble  substances,  'which  get  into  the  surrounding  tissue  by  diffusion. 
When  greatly  concentrated,  as  in  the  neighbourhood  of  the  micrococci,  this  product 
has  deleterious  action  on  the  cells,  which  causes  them  to  perish  and  finally  to  disap- 
pear. As  a  greater  distance  is  reached  from  the  centre  of  the  poison  it  becomes 
more  dilute,  only  producing  inflammation  and  accumulation  of  lymph-corpuscles. 

The  virulence  of  hospital  gangrene  varies  to  such  a  remarkable  extent  that  at 
first  it  is  difficult  to  believe  that  it  is  the  same  organism  acting  in  each  case.  At 
times  it  produces  a  superficial,  slowly  extending  ulceration,  curable  by  simple  local 
means.    At  others  it  shows  a  virulence  almost  incredible. 

Larrey  talks  of  its  extending  from  the  extremities  to  the  trunk,  and  causing  death 
in  six  hours,  while  Gallour,  in  his  memoir  on  the  subject,  says  that  in  a  single  ship 
sixty  bodies  were  thrown  overboard  during  a  passage  of  thirty-six  hours. 

That  such  virulence  is  not  entirely  or  even  principally  due.  to  previous  constitu- 
tional deterioration,  from  hardships  undergone  by  the  affected  men,  seems  clear ;  for  in 
different  hospitals  in  the  same  country  and  campaign  the  character  of  the  disease 
varies  much  in  intensity. 

The  laws  which  govern  the  virulence  of  these  epidemic  diseases  are  still  subject 
to  experimental  investigation,  and  at  present  the  data  are  scarcely  sufficient  to  allow 
of  positive  statements.  It,  however,  appears  certain  from  the  experiments  of  Dr. 
Greenfield,  and  others,  that  the  virulence  of  a  contagious  poison  is  greatly  modified 
fcy  the  medium  through  which  successive  generations  of  micrococci  are  bred. 

Symjrtoms. — These  are  best  considered  by  dealing  separately  witli  the  two  most 
common  forms  in  which  the  disease  is  met  with.  There  is  the  acute  form,  bearing 
close  analogy  to  the  inflammatory  spreading  gangrene,  and  the  more  chronic  variety, 
usually  described  as  the  ulcerative  form  or  partaking  of  a  phagedsenic  nature.  In 
describing  the  acute  form  of  this  disease,  we  take  advantage  of  the  admirable  descrip- 
tion given  by  Macleod,  in  his  memoir  on  the  surgery  of  the  Crimean  campaign.  He 
says  : — '  In  relating  one  case  I  relate  all.  During  the  night  previous  to  death  the 
patient  was  restless,  but  did  not  complain  of  any  particular  uneasiness.  At  the 
morning  visit  the  expression  seemed  unaccountably  anxioits,  and  the  pulse  was 
slightly  raised.  The  skin  was  moist,  and  the  tongite  clean.  By  this  time  the 
stump  felt,  as  the  patient  expressed  it,  heavy  like  lead,  and  a  burning  stinging  pain 
had  begun  to  shoot  through  it.  On  removing  the  dressings,  the  stump  was  found 
swollen  and  hard,  and  the  discharge  had  become  thin,  gleety,  coloured  with  blood, 
and  having  masses  like  gruel  occasionally  mixed  with  it.  A  few  hours  afterwards 
the  limb  would  be  greatly  swollen,  the  skin  tense  and  white,  and  marked  along  its 
edge  by  prominent  blue  veins.  The  cut  edges  of  the  stump  looked  like  pork. 
Acute  pain  was  felt.' 

Mr.  Macleod  then  says  : — '  The  constitution  by  this  time  had  begun  to  sympathise. 
The  cold  sweat  which  broke  out  all  over  the  body,  the  irritable  stomach,  and 
the  weak,  frequent,  and  failing  pulse,  were  but  indications  of  approaching  disso- 
lution. The  respiration  became  short  and  hurried,  giving  evidence  of  the  great 
oppression  of  which  the  patient  so  much  complained.  The  heart's  action  gradually 
and  surely  got  weaker,  till  from  fourteen  to  sixteen  hour  s  from  the  first  bad  symp- 
tom, death  relieved  him  from  his  sufferings.  Post-mortem  examination,  instituted 
shortly  after  death,  showed  the  tissues  of  the  limb,  and  in  many  cases  those  of  the 
internal  oigans  also,  to  be  filled  with  gas,  and  loaded  with  serous  fluid.  The  vessels 
leading  from  the  stump  were  healthy,  and  in  only  one  case  had  there  been  any  actual 
mortification,  previous  to  death.'  After  the  taking  of  Sebastopol  in  September,  the 
same  form  of  disease  again  appeared,  especially  among  the  Russians,  and  was  so 
deadly,  that  in  no  case  which  Coote  could  hear  of  did  recovery  follow. 

Dr.  Hennen's  account  of  hospital  gangrene  as  it  appeared  in  the  Peninsula, 
during  the  war  with  the  French,  corresponds  in  all  essential  particulars  with 
the  above  : — '  Let  us  suppose  that  our  wounded  have  all  been  going  on  well  for  seve- 
ral days,  when  suddenly  one  of  our  promising  patients  complains  of  severe  pain 
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in  his  head  and  eyes,  and  particular  tightness  about  the  forehead,  loss  of  sleep  and 
want  of  appetite ;  and  that  these  feelings  ai-e  accompanied  with  quickness  of 
pulse,  and  other  symptoms  of  fever ;  his  wound,  which  had  been  healthy  and  granu- 
lating, at  once  becomes  tumid,  dry  and  painful,  losing  its  florid  colour,  and  assuming 
a  dry  and  glossy  coat.  This  is  a  description  of  the  first  stage  of  our  Bilboa  Hospital 
gangrene.  If  this  incipient  stage  were  overlooked,  the  febrile  symptoms  soon  be- 
came aggravated  ;  the  skin  around  the  sore  assumed  a  higher  florid  colour,  which 
shortly  became  darker,  then  bluish,  and  at  last  black,  with  a  disposition  to  vesicate, 
whilst  the  rest  of  the  limb  betrayed  a  tendency  to  oedema. 

'  All  these  threatening  appearances  occurred  within  twenty -four  hours,  and  at  this 
period  the  wound,  whatever  might  have  been  its  regular  shape,  soon  assumed  the  cir- 
cular form.  The  sore  now  acquired  hard,  prominent,  rugged  edges,  giving  it  a  cup- 
like appearance,  with  particular  points  of  the  lip  of  a  dirt-yellow  hue  ;  while  the 
bottom  of  the  cavity  was  lined  with  a  flabby  blackish  slough.  The  discharge  in  this 
second  stage  became  dark-coloured  and  foetid,  and  the  pain  extremely  poignant.' 

Ulcerative  form  of  Hospital  Gangrene. — Legouest  gives  the  following  de- 
scription : — 4  The  ulcerous  form  consists  of  a  little  excavation  hollowed  out  like  a 
goblet,  with  raised  edges  of  a  darker  colour  than  the  rest  of  the  wound,  filled  with 
a  brownish  coloured  and  tenacious  ichor.  Several  ulcerations  may  develop  them- 
selves simultaneously  in  the  same  wound.  They  extend  on  the  surface  and  deeper 
down,  destroying  the  granulations  and  giving  place  to  an  abundant  secretion  of 
ichorous  liquid. 

'  The  union  of  several  ulcerations  accelerates  the  march  of  the  disease,  which  does 
not  fail  to  cover  the  whole  extent  of  the  wound,  the  suppuration  of  which  is  sup- 
pressed, and  is  replaced  by  a  foetid  liquid  coloured  black  by  the  blood. 

'  Delpech  and  other  surgeons  have  seen  the  ulceration  extend  on  one  side  of  the 
wound,  while  on  the  other  the  healing  process  takes  place.  We  have  never  been 
able  to  verify  this  double  phenomenon,  and  we  have  observed  that  the  process  of  heal- 
ing is  arrested  in  gangerous  wounds  ;  the  granulations,  even  if  they  are  not  the  seat 
of  the  disease,  lose  their  vermilion  colour,  become  livid  and  bleed  easily.' 

The  following  case  occurred  in  St.  Bartholomew's  Hospital.  The  patient  was  a 
boy  who  had  lost  about  a  square  inch  of  skin  from  the  back  of  his  hand  from  an 
accident.  The  wound  at  first  appeared  to  be  granulating  healthily,  but  after  the 
tenth  day  the  appearances  changed,  and  in  the  course  of  a  few  clays  presented  the 
appearance  of  a  circular  ulcer  rapidly  spreading  ;  the  edges  were  raised  and  slightly 
undermined,  and  the  surrounding  skin  tender  and  oedematous.  The  ulceration 
extended  rapidly  on  the  surface,  and  more  slowly  towards  the  deeper  parts.  The 
surface  was  covered  with  a  thin  ichorous  secretion,  very  foetid.  A  stinging  pain 
was  experienced.  Notwithstanding  poulticing,  the  ulceration  rapidly  increased,  but 
was  completely  stopped  by  the  application  of  nitric  acid.  The  constitutional 
symptoms  in  this  case  were  very  slight.  One  attack  of  this  disease  does  not  prevent 
a  second,  and  many  instances  are  recorded  of  its  being  caught  a  second  time,  after 
it  has  been  completely  cured.  It  affects  wounds  at  any  period  after  the  second 
or  third  day,  even  when  granulation  is  nearly  complete.  In  its  milder  or  ulcera- 
tive form  the  period  of  incubation  appears  to  be  about  two  days. 

Treatment. — Seeing  the  two  distinct  forms  of  disease  which  we  have  described 
under  the  head  of  Hospital  Gangrene,  the  one  a  slowly  progressive  local  ulceration, 
the  other  a  disease  so  virulent  as  to  cause  rapid  putrefaction  of  an  entire  limb,  it  is 
obvious  that  both  forms  do  not  admit  of  treatment  on  one  plan. 

Considering  the  highly  contagious  nature  of  these  disorders,  ventilation  and 
isolation  are  of  primary  importance;  but  unfortunately  it  is  generally  under  the 
circumstances  when  isolation  is  impracticable,  such  as  in  military  campaigning,  that 
the  worst  forms  of  gangrene  appear.  A  lthough  it  may  not  be  possible  to  isolate  patients, 
it  is  generally  practicable  to  protect  the  wounds  from  inoculation  ;  under  such  cir- 
cumstances, the  various  forms  of  antiseptic  dressing  fulfil  the  indications  required,  the 
wound  itself  being  thus  protected  to  a  great  extent  from  chance  inoculation,  while  the 
cleanliness  of  the  system  of  dressing  greatly  diminishes  the  risk  of  contagion  being 
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conveyed  by  the  dressers  of  the  case.  When,  however,  the  disease  is  actually  estab- 
lished, it  is  probable  that  any  treatment  in  the  most  acute  cases  would  be  unavailing. 
If  means  could  betaken  to  prevent  the  subsequent  inoculation  of  the  stump,  and  imme- 
diate amputation,  as  high  above  the  infected  part  as  possible,  were  resorted  to,  it  is 
possible  the  disease  might  be  arrested.  The  milder  or  ulcerative  forms  of  the  disease 
readily  yield  to  treatment.  It  is  probable  that,  as  in  phagedena,  the  keeping  of  the 
ulcerating  surface  from  six  to  eight  hours  at  a  time  under  water  might  be  sufficient 
to  arrest  the  progress  of  the  disease.  Nitric  acid  is  a  powerful,  though  sure,  means  of 
destroying  the  active  principle.  The  parts  should  be  as  far  as  possible  cleansed  from 
slough  and  debris,  and  then  thoroughly  dried  with  blotting-paper.  The  whole  wound 
should  be  thoroughly  swabbed  over  with  fuming  nitric  acid  by  means  of  a  glass 
brush.  After  allowing  the  acid  to  remain  a  few  seconds,  the  part  must  be  washed  in  a 
solution  of  carbonate  of  soda.  This  in  a  great  measure  relieves  the  after  pain,  and 
prevents  the  acid  eating  too  deeply.  One  or  more  subsequent  applications  may  be 
required  for  any  portion  of  the  disease  which  may  prove  to  have  escaped  destruction 
on  the  first  occasion. 

It  commonly  happens  that  when  the  eschar  caused  by  the  acid  separates,  a 
healthy  granulating  process  commences  beneath. 

c.  Phagedena. — This  is  a  process  or  disorder  producing  a  class  of  sores  so  called 
from  the  ragged  eaten-out  appearance  of  their  spreading  margins.  Clinically  they 
occupy  the  boundary  line  between  simple  ulcerations  on  the  one  hand  and  hospital 
gangrene  on  the  other.  Indeed,  the  second  form  of  hospital  gangrene  of  which  we 
have  spoken  has  been  described  by  some  writers  as  sloughing  phagedena.  The 
form  of  disease  of  which  we  are  now  speaking  is  best  known  as  phagedenic  ulcera- 
tion, which,  although  closely  allied  to  hospital  gangrene,  is  not  identical  with  it.  It 
especially  differs  in  not  being  contagious,  or  at  least  only  to  a  very  moderate  extent. 
Notwithstanding  the  large  number  of  cases  admitted  yearly  into  the  wards  of  St. 
Bartholomew's  Hospital,  it  never  spreads  from  one  patient  to  another.  On  the 
other  hand,  its  occasional  communicability  by  direct  contact  seems  probable  from  its 
appearance  on  the  venereal  organs  after  connection. 

The  method  by  which  this  poison  acts  appears  to  be  similar  to  what  has  been 
described  as  hospital  gangrene.  It  is  as  if  the  product  resulting  from  fermentation, 
caused  by  micrococci  or  other  poison,  had  an  action  upon  the  tissues  of  a  caustic 
nature. 

Phagedena  especially  affects  the  class  of  persons  in  whom  we  see  other  inflam 
matory  disorders  running  a  virulent  course ;  for  it  is  certainly  more  often  met  with 
in  those  whose  constitution  is  broken  by  drink  or  disease  than  in  the  healthy. 

Symptoms. — Phagedena  commences  by  the  part  becoming  swollen,  and  very 
painful.  The  skin,  bright  and  shining  at  first,  soon  changes  to  a  dull  red  colour  ■  the 
part  feels  hard  and  brawny,  a  black  spot  appears  in  the  centre  of  the  inflamed 
portion.  This  extends,  and  after  a  while  it  is  seen  that  a  considerable  area  of  sub- 
cutaneous tissue  is  in  a  state  of  gangrene.    A  line  of  demarcation  forms,  and  the 

black  slough  slowly  separates — a  process  often  accompanied  with  severe  haemorrhage  ■ 

but  after  the  separation  occurs,  instead  of  the  inflammation  subsiding,  and  a  healthy 
ulcer  remaining,  a  low  inflammatory  action  continues,  and  the  part  remains  brawny. 
The  ulcer  is  seen  to  be  of  a  considerable  depth.  Its  surface  is  irregular,  and  has  a 
tendency  to  undermine  the  swollen  tissue  at  the  edges.  There  is  a  thin  sanguineous 
discharge,  and  a  fetid  odour.  At  times  the  surface  is  covered  with  an  ash- coloured 
slough.    The  neighbouring  glands  are  tender,  but  they  seldom  suppurate. 

This  condition  of  things  may  become  more  or  less  chronic,  the  ulceration  slowly 
extending  week  by  week,  until  a  considerable  portion  of  the  penis,  or  other  tissues, 
are  destroyed.  Opportunities  rarely  occur  of  noticing  the  progress  and  termination 
of  this  disease  if  left  to  run  its  course,  but  it  only  becomes  arrested  after  extensive 
destruction  of  the  tissues. 

Treatment. — Formidable  as  the  disease  appears,  and  formidable  as  are  the  ravages 
which  it  occasions  when  left  to  itself,  its  progress  can  be  completely  checked  by  timely 
and  appropriate  treatment.  Poulticing  the  part  with  charcoal,  covering  it  with  a  lotion 
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of  carbolic  acid,  Condy,  or  creosote,  have  been  recommended,  while  the  free  application 
of  fuming  nitric  acid  seldom  fails  to  stop  the  disease.  There  can  be  no  objection 
to  trying  the  lotions  mentioned,  if  circumstances  do  not  admit  of  the  treatment 
described  below.  Any  lotion,  however,  containing  carbolic  acid  is  very  painful.  It 
is  scarcely  possible  to  apply  nitric  acid  without  an  anaesthetic.  The  part  must  be 
carefully  dried  with  blotting-paper  and  the  acid  freely  applied  with  a  glass  brush. 
This  application  of  acid  is  nearly  always  effectual  in  arresting  the  disease,  but  it 
must  be  remembered  that  it  acts  by  destroying  a  further  layer  of  tissue — a  proceeding 
not  desirable  unless  absolutely  necessary.  During  the  last  few  years  the  plan  of 
treatment  by  a  warm  bath,  fust  advocated  by  Mr.  Hutchinson,  has  been  followed  with 
extraordinary  success  in  the  venereal  wards  of  St.  Bartholomew's  Hospital.  Into 
an  ordinary  hip  bath  should  be  placed  four  or1  five  gallons  of  water  at  a  temperature 
from  95  to  98  degrees,  provision  being  made  for  keeping  up  the  warmth  by  taking 
away  a  portion  of  the  water,  and  supplying  its  place  with  hotter.  In  the  bottom  of 
the  bath  is  a  folded  blanket  or  cushion,  on  which  the  patient  sits,  his  legs  hanging 
over  the  edge.  His  shoulders  being  well  covered  with  blankets,  the  patient  should 
remain  with  the  phagedenic  parts  well  under  water  for  eight  consecutive  hours.  Two 
or  three  such  sittings  are  generally  sufficient  for  the  cure,  and,  if  necessary,  may  be 
repeated. 

In  the  clean,  healthy,  cicatrizing  ulcer  resulting  from  this  soaking,  it  is  scarcely 
possible  to  recognise  what  a  few  days  previously  was  a  fetid,  swollen,  sloughing  sore. 
The  treatment  is  perfectly  painless.  It  would  seem  as  if  the  caustic  effects  of  the 
secretion  in  these  sores  was  rendered  innocuous  by  dilution,  while  the  original  poison 
is  killed  or  removed  by  the  action  of  water. 

d.  Canckum  Oris. — This  affection  is  peculiar  to  children,  and  most  commonly 
occurs  between  the  second  and  fifth  year.  It  is  characterised  by  sloughing  ulceration, 
commencing  in  the  gums  or  cheek,  is  always  a  severe  malady,  and  frequently  ter- 
minates fatally.  It  is  probably  due  to  some  specific  poison  analogous  to  that  pro- 
ducing phagedenic  ulceration  in  the  cutaneous  structures  of  adults.  Weakly  and 
ill-nourished  children,  or  those  recovering  from  fevers,  seem  especially  exposed  to 
its  attack,  but  occasionally  children  who  are  in  perfect  health  are  the  victims.  This 
disease  either  commences  as  an  ulceration  on  the  gum,  or  inner  surface  of  the  cheek, 
or  it  may  begin  its  ravages  more  deeply  in  the  sockets  of  the  teeth,  and  spread  from 
thence  to  the  superficial  parts. 

Attention  is  generally  first  drawn  to  the  disease  by  a  flow  of  foetid  saliva.  If 
the  mouth  be  examined  at  this  period,  an  ulceration  may  be  detected  on  the  inner 
surface  of  the  cheek  ;  in  the  course  of  a  few  days  this  extends  considerably,  and  the 
surface  of  the  ulcer  will  have  a  greyish  appearance,  it  being  partly  covered  with  slough. 
The  discharge  from  the  mouth  is  horribly  offensive.  The  cheek  becomes  swollen,  and 
the  surface  corresponding  with  the  internal  ulceration  has  a  hard  brawny  feel,  and  a 
white  shining  appearance.  In  severe  cases,  if  the  disease  be  allowed  to  advance 
unchecked,  the  entire  thickness  of  the  cheek  falls  into  a  gangrenous  condition,  and 
the  case  terminates  fatally. 

When  the  disease  commences  in  the  sockets  of  the  teeth,  its  nature  is  not  at  first 
so  easily  recognised.  A  child  three  years  of  age  was  admitted  into  St.  Bartholo- 
mew's Hospital,  and  had  the  left  side  of  the  lower  jaw  swollen,  the  swelling  being  so 
hard  and  circumscribed  as  to  have  suggested  the  idea  of  a  sar  comatous  tumour,  had 
not  the  parents  been  clear  that  it  had  only  existed  a  few  days.  In  a  couple  of  days 
the  swelling  had  extended  further  forwards,  and  was  superficially  ulcerated.  The 
discharge  from  the  mouth  became  very  foetid.  During  the  next  fortnight  the  disease 
slowly  pr  ogressed,  until  the  whole  alveolar  margin  of  the  lower  jaw  was  swollen  and 
several  of  the  teeth  had  fallen  out.  For  a  few  days  the  disease  made  no  further 
progress.  It  then  showed  signs  of  attacking  the  left  side  of  the  upper  jaw.  A  large, 
hard,  brawny  swelling  formed  on  the  outer  side  of  the  face,  over  the  angle  of  the 
jaw.  A  few  days  later  this  commenced  to  slough.  The  sloughing  action  at  the 
same  time  attacked  the  whole  of  the  lower  jaw,  and  the  right  side  of  the  upper  jaw. 
So  rapid  was  this  sloughing,  that  in  forty-eight  hours  the  whole  of  the  parts  were 
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converted  into  a  soft  creamy  mass,  as  if  they  had  been  mixed  with  some  virulent 
acid.  The  child  rapidly  died.  At  the  post-mortem  examination  the  parts  were  so 
soft  that  they  could  be  wiped  away  with  a  cloth,  with  the  exception  of  the  remains 
of  the  lower  jaw.  From  this  all  the  teeth  had  dropped  out,  and  it  had  a  worm- 
eaten  appearance,  large  cavities  being  formed  in  places. 

Treatment. — Formidable  as  is  this  disease  if  allowed  to  advance,  it  is,  at  least  in 
the  earlier  stages,  amenable  to  treatment.  In  the  milder  cases  it  is  well  to  thoroughly 
syringe  the  part  with  a  warm  saturated  solution  of  chlorate  of  potash  (20  grains 
to  an  ounce  of  water)  every  hour,  while  at  the  same  time  15-grain  doses  of  the  same 
salt  maybe  administered  internally  at  intervals  of  six  hours,  in  a  bark  mixture  with 
syrup.  If  the  child  be  old  enough,  and  can  be  induced  to  do  so,  Wyeth's  compressed 
tablets  of  chlorate  of  potash  might  be  sucked  with  advantage.  If  the  disease  con- 
tinue to  extend,  the  patient  should  be  put  under  chloroform,  the  ulceration  exposed 
with  a  Smith's  gag,  and  the  whole  surface  most  thoroughly  and  carefully  treated 
with  fuming  nitric  acid  on  a  glass  brush. 

W.  Harrison  Cripps. 
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ULCERS. 

THE  chief  interest  of  this  subject,  from  the  surgeon's  point  of  view,  is  in  the  study 
of  those  forms  of  ulcer  which  appear  in  the  integuments  ;  and  to  these,  their 
diagnosis  and  treatment,  the  present  essay  will  be  almost  entirely  devoted.  But,  first, 
the  general  process  of  ulceration,  though  referred  to  in  the  essay  on  Inflammation, 
may  be  briefly  considered. 

Ulceration  is  that  part  or  effect  of  an  inflammatory  process  in  which  the  materials 
of  inflamed  tissues,  liquefied  or  degenerate,  are  cast  off,  in  solution  or  very  minute 
particles,  from  free  surfaces,  or,  more  rarely,  are  absorbed  fro  in  the  substance  of  the 
body.  Not  every  such  process  of  casting  off,  however,  is  called  ulceration  ;  when  the 
detached  pai  tides  are  only  epithelial,  though  the  process  may  be  essentially  the  same, 
it  is  called  desquamation,  abrasion,  or  excoriation ;  and  the  name  of  ulcer  is  not 
commonly  applied  to  any  result  of  inflammatory  casting  off,  unless  the  substance  of  a 
tissue  deeper  than  the  epithelial  be  exposed. 

Ulceration  has  very  near  affinity  to  gangrene  ;  the  two  processes,  indeed,  differ 
l  ather  in  degree  than  in  kind.  When  the  degenerate  or  dead  substance  is  cast  off  in 
one  or  more  portions  visible  to  the  naked  eye,  the  process  is  usually  called  gangrene, 
or  by  some  synonym  of  gangrene ;  when  the  portions  are  not  so  visible,  or  are  quite 
dissolved,  it  is  called  ulceration.  Moreover,  the  separation  of  a  gangrenous  or  dead 
part  is  commonly  effected  by  ulceration  of  the  living,  but  inflamed  and  degenerate, 
part  that  bounds  it ;  and  this  separation  is,  indeed,  the  best  example,  and  the  most 
frequent  beginning,  of  the  formation  of  an  ulcer.  If  the  process  be  watched  that 
follows  the  simple  killing  of  a  portion  of  the  body  (suppose,  a  piece  of  skin  suddenly 
crushed  or  burnt  to  death),  inflammation  is  seen  in  all  its  environs.  After  some 
time,  the  dead  part  being  decomposed  and  changed  according  to  the  merely  chemical 
characters  of  its  materials,  the  border  of  the  living  part  next  to  it  is  seen  in  gradual 
process  of  removal.  Often  this  border  first  loses  its  inflammatory  redness,  and  looks 
like  a  pale-yellowish  or  white  zone,  or  '  line  of  demarcation,'  round  the  dead  piece 
or  '  slough  ;'  but  whether  this  change  occur  or  not,  the  border  of  the  living  part 
nearest  to  the  dead  is  first  grooved,  and  then  more  and  more  deeply  excavated,  till 
the  dead  piece  is  wholly  separated  and  detached  from  the  living.  The  surface  from 
which  the  dead  piece  is  thus  detached  is  an  ulcer ;  and  the  explanation  of  the  process 
is,  that  the  layer  of  living  tissue  next  to  the  dead  piece,  being  acutely  inflamed, 
degenerates  rapidly,  is  either  liquefied  or  disintegrated,  and  is  thus  gradually 
separated,  either  in  solution  or  in  molecules  suspended  in  the  liquid  inflammatory 
product. 

An  essentially  similar  removal  of  inflamed  structures  by  ulceration — that  is,  by 
solution  or  molecular  disintegration  and  ejection — may  be  seen  in  any  spreading  ulcer 
of  skin  or  mucous  membrane,  of  bone  or  cartilage.  Here,  there  may  be  no  death  of 
visible  particles,  no  sloughs,  but  the  inflamed  and  rapidly  degenerating  structures 
are  cast  out  as  by  what  some  have  called  a  molecular  gangrene. 

It  would  be  needless  repetition  to  describe  the  minute  changes  which  the 
degenerating  inflamed  structures  undergo  before  being  cast  off;  so  far  as  they  are 
known,  they  are  described  in  the  essay  on  Inflammation.  With  them  there  is 
always  discharged  some  liquid,  in  which  they  are  suspended  or  dissolved.  The 
appearance  and  properties  of  this  '  discharge,'  or  '  ichor,' are  various,  according  to  the 
causes  and  characters  of  the  ulcerative  process.  When  the  process  is  very  active, 
the  ichor  is  usually  a  thin,  yellowish,  or  greyish  fluid,  often  tinged  with  blood, 
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albuminous,  not  spontaneously  coagulable,  containing  abundant  molecular  matter, 
the  debris  of  the  ulcerating  structures,  and  corpuscles  like  ill-formed  pus-cells. 
From  some  ulcers,  e.g.  the  primary  and  secondary  syphilitic,  it  is  contagioxis  ;  from 
many  it  appears  corrosive,  not  indeed  as  having  a  directly  solvent  power,  but  as 
exciting  by  its  acridity,  or  by  the  '  catalytic '  influence  of  its  own  decomposition, 
inflammatory  and  degenerative  changes  in  the  tissues  with  which  it  is  in  contact. 
From  many  ulcers,  again,  the  ichor  or  discharge  is  peculiarly  '  foul,'  i.e.  it  rapidly 
decomposes,  yielding  putrid  or  other  offensive  gases,  or  it  contains  putrid  fragments 
of  the  ulcerating  structures,  or  of  granulations  which  die  prematurely.  Such  is 
commonly  the  character  of  the  discharge  from  the  most  rapidly  destructive  ulcers  ; 
while,  on  the  other  hand,  the  more  an  ulcer  tends  towards  healing,  the  more  does  its 
discharge  become  like  '  laudable '  pus. 

So  long  as  an  ulcer  is  in  progress,  the  tissues  next  to  it  are  inflamed,  and 
usually  are  in  that  state  of  inflammation  which  is  understood  as  '  low,'  being  marked 
(at  least,  in  the  integuments)  by  a  dusky  redness,  heat  which  feels  to  the  patient 
burning  and  pungent,  and  with  very  little  production  of  organisable  matter. 
Commonly,  the  ulcerating  surface  is  abrupt,  looking  jagged,  or  eroded,  dusky, 
brownish  or  yellowish,  mottled,  without  granulations,  ready  to  bleed.  The  more 
active  the  progress  of  an  ulcer,  the  more  marked  are  these  characters  in  the  structures 
around  it  :  and  when  its  progress  ceases,  and  healing  begins,  these  characters  are 
exchanged  for  those  of  the  healthy  '  determination  of  blood  '  which  attends  the  pro- 
duction and  development  of  reparative  granulations. 

The  healing  of  an  ulcer  differs  in  no  material  point  from  that  of  an  open  wound 
with  loss  of  substance.  It  is  a  healing  by  granulations  ;  and  though  the  shape  and 
other  characters  of  the  cicatrix  often  have  peculiarities  indicative  of  the  disease  that 
it  has  repaired,  there  is  no  known  difference  in  the  process  of  repair.  (See  Wounds.) 

What  has  now  been  said  of  the  general  process  of  ulceration  is  applicable  for  an 
explanation  of  the  process  by  which  all  or  any  of  the  numerous  forms  of  ulcers  are 
produced  ;  we  have  no  knowledge  by  which  to  explain  the  peculiar  and  characteristic 
forms  that  they  severally  present.  Nevertheless,  the  diagnosis  and  import  of  these 
forms  are  of  high  interest  in  surgery. 

In  studying  an  ulcer  the  attention  is  naturally  directed,  first,  to  its  condition  ; 
secondly,  to  its  cause.  It  may  be  well,  then,  in  describing  the  various  kinds  of  ulcers, 
to  consider,  first,  the  typical  conditions  in  which  ulcers  may  exist,  and,  next,  to 
point  out  the  causes  on  which  they  may  depend,  and  how  far  those  causes  may  in- 
fluence their  characters. 

The  best  condition  of  an  ulcer  is  that  which  is  seen  in  the  common,  simple,  or 
healthy  ulcer,  such  a  one  as  is  left  after  the  separation  of  an  accidental  slough  in  a 
healthy  person.  If  only  the  skin  has  been  destroyed,  its  base  is  level,  slightly  de- 
pressed (the  less  so,  the  more  nearly  its  healing  is  completed),  uniformly  covered 
with  small  florid  granulations,  which  feel  soft,  pliant,  and  elastic  ;  and,  though  highly 
vascular,  do  not  readily  bleed  and  are  not  painfully  sensitive.  The  edges  of  the 
common  ulcer  shelve  gently  down  to  its  base,  and  feel  scarcely  harder  than  the 
adjacent  healthy  skin.  At  their  junction  with  that  skin  they  are  generally  opaque - 
white,  with  a  very  slight  thickening  of  epidermis ;  within  this  they  have  a  pale 
purplish-blue  tint,  where  the  new-formed  epidermis  veils  the  colour  of  the  healing 
granulations ;  and  yet  within  this  the  granulations  have  a  deeper  hue  than  those 
nearer  to  the  centre  of  the  ulcer,  being  most  vascular  where  the  cuticle  is  being 
actively  developed.  The  pus  from  such  an  ulcer  is  '  healthy '  or  '  laudable.'  (See 
Abscess.)  The  parts  immediately  beneath  and  around  it  are  somewhat  more  vascular 
than  is  natural,  but  are  not  otherwise  changed.  Such  are  the  characters,  by  their 
deviations  from  which  all  other  ulcers  are  distinguished,  and  by  their  approaches  to 
which  they  indicate  their  tendencies  to  healing.  For  the  healing  of  a  simple  ulcer 
may  be  called  spontaneous,  as  that  of  a  granulating  wound  may  be ;  and  for  both 
alike  no  other  treatment  is  necessary  than  exclusion  from  injury. 

Inflamed  ulcers  are  often  seen  on  the  lower  half  of  the  leg.  They  are  usually 
of  irregular  shape ;  their  bases  are  generally  level,  very  little  depressed,  ragged  or 
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flocculent,  without  granulations,  ruddy,  looking  raw,  or  else  ash-grey,  or  yellowish 
with  adherent  thin  slough  ;  their  edges  are  abrupt,  irregular,  or  shreddy  ;  their  pus, 
or  ichor,  is  thin,  watery,  excoriating,  not  unfrequently  blood-tinged.  The  skin 
round  an  inflamed  ulcer  is  usually  full  red,  bright  or  dusky,  according  to  the  patient's 
general  condition,  hot  and  burning,  and  the  whole  seat  and  neighbourhood  of  the 
disease  feel  very  painful,  burning  and  aching  '  down  to  the  bone  ; '  not  rarely,  also, 
the  surrounding  tissues  are  cedematous  or  in  patches  excoriated. 

An  ulcer  may  be  inflamed  by  some  constant  external  irritation,  but  it  often  indi- 
cates general  unhealthiness  in  the  patient.  It  is  not  always  due  to  the  same  error 
or  defect  of  the  health :  there  is,  therefore,  no  specific  or  single  method  for  its 
general  treatment.  This  must  be  decided  by  the  condition  of  each  patient,  just  as 
that  of  any  other  active  inflammatory  disease  must  be.  For  local  treatment  the  chief 
means  are  leeches,  applied  at  a  little  distance  from  the  ulcer ;  warm-water  dressing, 
or  lead-lotion  applied  warm,  or  poultices ;  complete  rest  of  the  part,  and  (if  it  be  the 
lower  limb)  recumbency,  with  elevation  of  the  limb.  Bandages,  ointments,  and 
plasters  are  usually  to  be  avoided  till  the  ulcer  shows  signs  of  healing. 

Phagedenic  and  Sloughing  ulcers. — Nearly  all  the  chief  points  connected  with 
the  ulcers  thus  called  are  considered  in  the  essays  on  Gangrene  and  Syphilis. 
Here  it  may  suffice  to  say  that  such  rapidity  of  extension  as  may  deserve  to  be 
named  phagedenic  is  very  rarely  seen  in  ulcers,  except  in  connection  with  syphilis, 
or  hospital  gangrene,  or  some  similar  condition.  In  acute  inflammation,  any  ulcer 
may  enlarge  quickly,  but  the  rapid  destruction  generally  implied  by  phagedena  has 
a  specific,  and  probably  also  an  external,  source.  Sloughing  is  a  much  more 
common  complication  of  ulcers — sloughing,  that  is,  not  so  much  of  their  edges  and 
adjacent  parts  as  of  their  granulations.  Thus,  in  inflammatory  ulcers,  the  frequent 
appearance  of  a  greyish  or  yellowish  base  is  generally  due  to  sloughing  of  granula- 
tions ;  so  in  senile  ulcers,  sloughing  is  very  common ;  and  in  any  form  in  old  persons, 
senile  gangrene  of  the  integuments  around  the  ulcers  may  ensue.  So,  again,  the 
whole  surface  of  a  great  chronic  ulcer  may  often  be  seen  sloughing,  through  injury, 
or  defective  food,  or  exposure  to  hard  weather. 

Neuralgic  or  irritable  ulcers. — The  pain  of  some  ulcers  is  so  great  and  so  dis- 
proportionate to  all  their  other  symptoms,  that  they  may  deserve  one  of  these  as  a 
subordinate  name.  Inflamed  and  eczematous  ulcers  are  sometimes  thus  painful, 
and  so  are  many  ulcers  connected  with  small  varicose  veins  ;  but  the  type  of  ulcers 
whose  pain,  having  no  satisfactorily  proved  cause,  may  be  called  neuralgic,  is  in 
those  small,  flat,  oval,  or  circular  ulcers  that  occur  at  the  margin  of  the  anus — the 
so-called  irritable  ulcers  or  fissures  of  the  anus.  The  only  remedy  is  in  the  cure  of 
the  ulcers,  whether  by  section  for  those  at  the  anus,  or  by  whatever  means  might  be 
required  for  ulcers  of  the  same  kind  not  attended  by  unusual  pain.  Cauterisation 
of  the  surface  with  nitrate  of  silver  is  often  very  useful,  and  will  sometimes  almost 
instantly  assuage  the  pain. 

(Edematous  or  weak  ulcers. — Ulcers  whose  granulations  are  upraised,  pale, 
translucent,  soft,  easily  breaking,  such  as  those  usually  are  which  are  connected 
with  scrofulous  bones  or  joints.  Except  in  connection  with  well-marked  scrofula, 
or  with  disease  of  deeper  textures,  such  xilcers  of  the  integuments  are  not  fre- 
quent. 

Exuberant  or  Fungous  ulcers. — Ulcers  whose  granulations  rise  prominent  beyond 
the  adjacent  skin,  and  overhang  it,  and  are  not  cedematous,  but  as  florid  and  compact 
as  those  of  a  healing  ulcer.  Admirable  types  of  such  ulcers  may  be  seen  in  many  of 
the  healing  wounds  of  burns.  Escharotics,  or  pressure,  or  both,  will  cure  this 
peculiarity.  Till  its  origin  be  known,  its  chief  interest  may  be  in  the  likeness  it 
sometimes  bears  to  the  exuberance  of  ulcerated  cancer.  The  diagnosis  may  rest 
chiefly  on  the  feeling  of  the  granulations ;  the  cancerous  are  hard,  or  at  any  rate 
very  firm,  and  fixed  on  a  hard  basis ;  those  that  are  merely  exuberant  are  not  hard, 
but  soft,  fleshy,  easily  yielding  to  pressure. 

Indolent,  atonic,  chronic,  or  callous  ulcers  are  rare  on  every  part  except  the  leg, 
most  frequent  on  its  lower  half.    The  size  and  shape  are  uncertain.    The  surface 
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usually  lies  deep,  and  is  flat,  pale,  or  tawny  and  dusky,  with  very  minute  or  no  visible 
granulations,  compact  and  nearly  hard,  and  adherent  to  the  fascia  beneath  it.  The 
margin  is  abrupt,  or  unequally  shelving,  or  more  often  thickened,  smooth,  and 
rounded.  Both  the  margin  and  all  the  surrounding  integuments,  often  for  many 
inches  distant,  are  thickened,  hardened,  '  callous,'  sodden,  as  with  a  kind  of  very 
firm  oedema,  and  adherent  to  the  subjacent  fascia.  The  surrounding  cuticle,  also,  is 
often  shining  and  scaly,  or  dusky  with  pigment ;  or  the  ulcer  lies  in  the  midst  of  a 
wide  area  of  very  chronic  congestion.  The  ulcer  itself  is  generally  almost  painless, 
unless  accidentally  inflamed ;  its  secretion  is  a  thin  ill-smelling  pus. 

Any  ulcer  of  the  leg  may  become  thus  chronic  and  callous  when  it  exists  very 
long;  and  when  a  distinctly  specific  ulcer  thus  changes,  it  not  only  loses  its  specific 
characters,  but  ceases  to  be  amenable  to  solely  specific  treatment.  All  ulcers  are  not 
equally  liable  to  the  change  to  i  callosity  ; '  the  strumous  are  much  less  so  than  the 
tertiary  syphilitic,  and  the  varicose  are  much  more  so  than  any  other. 

Through  whatever  course  it  may  have  passed,  the  chronic  ulcer  is  usually  amen- 
able to  treatment.  It  would  be  hard  to  enumerate  all  the  means  that  have  gained 
a  reputation  for  curing  it.  Those  which  are  certainly  very  good  and  very  rarely 
insufficient  are  opium,  regulated  pressure  and  blistering.  Either  of  these,  combined 
with  rest,  good  food,  and  attention  to  the  general  health,  will  cure  any  but  the  very 
worst  examples  of  chronic  ulcer ;  and  even  in  less  advantageous  circumstances,  they 
will  seldom  fail.  The  doses  of  opium  usually  found  sufficient  are  a  grain  night  and 
morning,  or  even  less  than  this ;  and  the  local  treatment  may  be  with  stimulant 
ointments,  such  as  that  of  the  nitric  oxide  of  mercury,  or  lotions  of  zinc  or  copper, 
or  either  of  the  following  means.  The  regulated  pressure  is  commonly  and  effectu- 
ally applied  with  calico  or  elastic  bandages  (Martin's)  or  straps  of  adhesive  or  lead 
plaster  on  linen  (Baynton's  plan),  or,  if  the  skin  will  not  bear  plaster,  the  strapping 
may  be  better  done  with  linen  wet  with  water  or  any  appropriate  lotion.  Blistering 
should  have  for  its  design  not  only,  if  at  all,  the  stimulating  the  ulcer  itself,  but  the 
softening  and  thinning  of  its  callous  edges  and  adjacent  tissues,  which  it  seems  to 
accomplish  by  causing  absorption  of  part  of  the  exudation  with  which  they  are  in- 
filtrated and  desquamation  of  the  cuticle  with  which  they  are  covered.  In  the  worst 
cases,  when  all  these  means  fail,  it  is  commonly  because  the  base  of  the  ulcer  and  the 
integuments  surrounding  it  are  so  indurated  and  so  adherent  to  the  subjacent  tissues, 
that  they  will  neither  stretch  nor  slide  towards  the  centre  of  the  ulcer,  even  when 
healthy  granulations  form  on  it  and  would  contract  in  developing  into  a  scar.  To 
remedy  this  hindrance  of  healing,  it  is  sometimes  useful  to  make  incisions  through  the 
integuments  near  and  parallel  to  the  margins  of  the  ulcer,  so  that  the  gaping  of  the 
incisions  may  give  opportunity  for  the  contraction  of  the  granulations  on  the  ulcer. 
In  similar  cases,  transplantation  of  tiny  portions  of  healthy  integument  may  help 
to  cure.  In  the  worst  examples,  and  especially  in  those  in  which  a  chronic  ulcer 
forms  a  broad  belt  all  round  the  leg,  or  in  which  such  an  ulcer  over  the  tibia  has 
excited  thickening  of  periosteum,  and  formation  of  new  bone  beneath  its  base,  and 
is  firmly  adherent  to  the  structures  thus  changed,  the  healing,  even  if  it  be  achieved, 
is  so  unsound  that  amputation,  if  not  too  dangerous  to  life,  is  advisable ;  and  it 
should  be  done  through  healthy  and  mobile  integuments ;  otherwise,  the  result  will 
be  an  unsound  stump. 

Hcemorrhagic  ulcers  constitute  no  distinct  class,  and  their  diagnosis  and  treat- 
ment must  depend  on  other  things  than  mere  bleeding.  Some  ulcers  bleed,  being 
vicariously  catamenial ;  some  through  excessive  venous  fulness  or  the  bursting  of 
a  subjacent  varicose  vein  ;  some,  as  phagedenic  or  sloughing,  through  extending  into 
some  blood-vessels  ;  some,  especially  the  cancerous,  or  those  that  are  connected  with 
ulcerated  tumours  of  any  form,  through  the  giving-way  of  thin-walled  new  vessels; 
some  because  of  the  existence  of  scurvy  or  the  hsemorrhagic  diathesis. 

Such  are  the  various  conditions  in  which  ulcers  may  be  found.  An  ulcer,  arising 
from  whatever  cause,  may  present  almost  any,  or  almost  all  of  them  in  turn,  accord- 
ing to  the  general  state  of  the  patient's  health  and  the  local  conditions  which  are 
associated  with  the  ulcer.    But,  interesting  as  these  conditions  are,  they  are  far  in- 
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ferior  in  importance  to  the  causes  which  give  vise  to  ulcers,  a  knowledge  of  which  is 
often  essential  to  successful  treatment  of  the  disease. 

First,  there  are  certain  causes  which  may  be  called  simple.  Thus  an  ulcer  may 
he  produced  by  injuries,  either  chemical  or  mechanical ;  by  inflammation ;  and  by 
defects  in  the  circulation,  e.g.  degeneration  or  blocking  up  of  arteries,  a  very  feeble 
circulation,  or  varicose  veins.  Ulcers  produced  by  injuries  are  often  in  truth  no 
more  than  ordinary  wounds  at  first,  but  from  constant  irritation,  or  want  of  care,  or 
some  local  or  constitutional  condit  ions  in  the  patient,  they  soon  lose  the  characters  of 
ordinary  wounds  and  assume  those  of  ordinary  ulcers.  Inflammation  lias  already 
been  mentioned  as  a  frequent  cause  of  ulceration,  and  the  method  has  been  described 
by  which  the  ulceration  is  produced.  And,  with  inflammation,  eczema  may  be  in- 
cluded, for  there  seems  no  sufficient  reason  why  a  separate  variety  of  eczematous 
ulcers  should  be  made.  For  their  treatment,  that  applicable  for  the  eczema  is  gene- 
rally best  fitted  for  the  ulcers.  Examples  of  ulcers  from  defects  of  circulation  may 
be  observed  in  the  ulcers  of  old  people  (senile),  which  often  originate  in  gangrene ; 
and  in  what  are  called  cold  ulcers,  which  occur  in  persons  whose  feet  and  hands  are 
commonly,  or  even  habitually,  but  little  warmer  than  the  atmosphere  in  which  they 
live.  But  the  most  common  ulcers  from  this  cause  are  the  varicose,  which  are  so  fre- 
quent that  they  merit  a  closer  attention  than  the  rest.  Like  the  other  defects  of 
circulation,  varicose  veins  are  much  more  frequently  the  predisposing  than  the 
exciting  cause  of  ulcers.  A  pustule,  an  accidental  hurt,  or  an  irritation,  often  slight 
and  transient,  is  sufficient  to  give  origin  to  the  disease,  and  from  that  moment  the 
enlarged  veins,  as  it  were,  minister  to  its  maintenance  and  increase.  Varicose  ulcers 
are  seldom  seen  in  any  situation  except  the  leg,  where  they  occur  on  the  inner  or  the 
outer  side,  a  short  distance  above  the  ankle.  They  are  generally  inflamed  or  indo- 
lent, often  surrounded  by  a  wide  area  of  deeply  pigmented,  or  congested,  or  eczema- 
tous integument. 

In  any  case,  the  remedy  of  the  defective  circulation  is  essential  to  a  speedy  and 
secure  recovery.  Constant  recumbency  and  elevation  of  the  limb  are  the  simplest 
means  to  this  end  ;  but  with  many  patients  they  are  the  least  possible.  Their  best 
substitute,  and  that  which  is  usually  necessary  for  after-treatment,  is  regulated 
pressure,  with  bandages,  strappings,  elastic  stockings,  or  Martin's  elastic  bandage ; 
the  materials  for  the  strapping,  whether  wet  lint,  plaster,  ointment,  or  any  other, 
being  determined  according  to  the  character  of  the  ulcer.  The  obliteration  of  the 
veins  by  any  of  the  means  that  will  be  described  in  the  appropriate  essay  (Diseases 
of  Veins)  may  also  be  advisable,  especially  in  the  case  of  chronic  ulcers.  In 
addition  to  these  local  means,  the  general  health  should  be  attended  to ;  every  un- 
necessary  hindrance  to  the  circulation  in  any  part  should  be  removed,  and  every  help 
be  given  to  ensure  a  normal  excretion,  and  full  action  of  the  heart.  Iron  and 
opium  are  both  especially  of  value  in  the  treatment  of  varicose  ulcers. 

Next,  there  are  certain  specific  causes  of  ulcers,  small  in  number,  but  large  in 
their  importance ;  for  each  of  them  impresses  on  the  ulcers  occurring  in  association 
with  it  certain  signs  so  characteristic  that  they  are  significant  of  the  specific  nature 
of  the  cause.  From  the  appearance  of  such  sores  alone  the  disease  on  which  they 
are  dependent  may  often  at  once  be  diagnosed.  These  signs  may  of  course  be 
modified  or  obscured,  sometimes  by  the  age  and  diminished  severity  of  the  disease, 
sometimes  by  the  action  of  concomitant  causes.  Therefore  certainty  can  only  be 
obtained  in  typical  cases. 

Strumous  ulcers,  under  which  head  are  included  the  scrofulous  and  tuberculous, 
are  most  commonly  seen  as  the  consequences  of  strumous  suppuration  in  the  sub- 
cutaneous tissues  or  lymph-glands ;  but  they  may  appear  without  any  such  preceding 
disease.  In  this  case  the  usual  stage  previous  to  ulceration  is  that  of  slightly 
elevated,  pale-red  or  pink,  circumscribed  thickenings  of  the  skin,  like  cutaneous 
tubercles.  These  may  appear  singly  or  in  groups ;  and  may,  perhaps,  according  to 
their  duration,  be  firm,  or  softish,  or  boggy,  as  with  a  softening  of  their  substance. 
This  last  state,  which  is  probably  a  kind  of  imperfect  suppuration  or  softening  of 
tuberculous  matter  under  the  skin,  immediately  precedes  the  ulceration.    The  ulcers. 
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whether  formed  thus  or  after  the  wide  opening  of  strumous  abscesses  in  the  lymph- 
glands  or  subcutaneous  tissue,  are  most  frequent  in  the  neck,  groins,  cheeks,  scalp 
and  the  neighbourhood  of  the  knee,  ankle,  wrist,  and  elbow.  They  are  often 
multiple  and  clustered.  They  generally  affect  an  oval  shape,  but  by  coalescence 
may  be  irregular  and  variously  sinuous  and  of  great  extent,  though  singly  they  rarely 
attain  an  inch  in  diameter,  and  have  little  tendency  to  spread.  The  margins  or 
strumous  ulcers  are  commonly  formed  of  undermined,  overhanging  skin,  which  may 
be  either  thin  or  irregularly  thickened,  without  induration,  and  either  pale-pink  or 
purplish,  according  as  the  circulation  is  more  or  less  free  in  them.  The  surfaces  of 
the  ulcers  are  usually  unequal,  soft,  covered  with  large,  soft,  cedematous  granulations, 
which  are  often  pale,  and  bleed  on  slight  contact,  and  sometimes  project  exuberantly 
above  the  surrounding  level.  The  pus  of  strumous  ulcers  is  commonly  thin, 
greenish-yellow,  seldom  irritant;  they  are  rarely  very  sensitive  or  painful.  The 
parts  around  them  may  be  healthy ;  but  when  the  ulcers  have  existed  long,  and 
especially  when  they  are  connected  with  old  strumous  disease  of  bones  or  joints,  all 
the  adjacent  textures  are  generally  greatly  enlarged  with  cedematous  infiltration,  and 
clogged  together. 

By  these  characters  strumous  ulcers  may  almost  always  be  recognised ;  but  the 
diagnosis  is  assisted  by  the  coincidence  of  the  known  signs  of  the  strumous  constitu- 
tion or  of  similar  disease  in  other  parts  or  tissues.  And  these  coincidences  indicate 
the  general  treatment,  of  which  the  chief  constituents  must  usually  be  either  pre- 
parations of  iron,  especially  the  iodide  or  phosphate,  cod-liver  oil,  quinine,  or  iodide 
of  potassium  ;  occasional  purgatives,  or  small  doses  of  mercury  ;  fresh  air,  especially 
by  the  sea,  or  on  high  hills ;  free  exercise  ;  bathing ;  and  scrupulous  attention  to 
the  digestive  organs,  which  are  very  commonly  disposed  to  receive  more  and  other 
food  than  they  can  make  good  use  of.  The  local  treatment  of  the  ulcers  (excluding 
the  cases  in  which  they  are  connected  with  diseases  of  the  bones  or  other  deep-seated 
parts)  must  generally  be  stimulant.  For  different  cases,  which  it  may  be  impossible 
to  define,  the  ointments  with  iodine,  or  the  iodides  of  potassium,  lead,  or  mercury, 
may,  any  or  all  of  them  in  succession,  be  found  valuable.  Or  lotions  of  the  iodides 
may  be  used,  or  of  the  astringent  metallic  salts,  or  of  nitrate  of  silver.  An  excellent 
way  of  applying  these,  when  the  ulcers  are  on  the  limbs,  is  with  strips  of  linen  or 
lint  soaked  in  the  lotion,  and  put  on  as  firm  strapping.  Or  finely  powdered  iodoform 
mixed  with  three  or  four  times  its  bulk  of  oxide  of  zinc  may  be  dusted  over  the 
surface  of  the  ulcers,  which  may  then  be  protected  with  dry  lint.  When  the  skin 
is  very  much  undermined  and  burrowed,  healing  will  often  be  marvellously  hastened 
by  completely  paring  away  the  overhanging  edges,  although  the  surface  of  the  ulcer 
appears  by  this  means  to  be  largely  increased  in  area. 

The  scars  of  strumous  ulcers  may  be  causes  of  ugliness  and  deformity,  either  by 
contraction,  or,  more  commonly,  by  overgrowth,  and  the  formation  of  bars  raised  in 
radiating  lines,  or  networks  or  tongues  of  skin.  In  such  cases,  excision  of  the  scar 
may  be  necessary ;  but  in  many  instances  a  great  part  of  the  excess  of  scar  may  be 
removed  by  repeated  slight  blistering,  and  with  time  nearly  the  whole  will  level 
down. 

In  superficial  scrofulous  ulcers  on  the  hands  and  feet  a  peculiar  appearance  is 
sometimes  produced  by  an  excessive  growth  of  the  papilla?  at  the  base  or  borders  of 
the  ulcer.  In  either,  or  in  both  situations,  they  give  the  ulcers  a  remarkably  waity 
character — a  character  which  is  often  maintained  when  the  ulcers  are  healed — and 
leave  a  coarse,  nodular  and  warty  patch  of  skin,  with  opaque,  thick  cuticle.  At 
first  sight,  such  ulcers  might  be  taken  for  papillary  epithelioma;  but  the  diagnosis 
is  easy,  through  their  being  often  multiple,  having  no  hardness  of  granulations  or 
of  base,  no  sinuous  or  upraised  border,  no  rapidity  of  progress.  These  warty 
strumous  affections  may  be  cured  by  repeated  paintings  with  tincture  of  iodine,  or 
with  the  most  stimulant  of  the  iodine  ointments. 

Scorbutic  ulcers  are  thus  described  by  Mr.  Busk : — '  Ulcers  of  this  kind  are  dis- 
tinguished by  their  livid  colour,  and  irregular  tumid  border,  around  which  no  trace 
of  cicatrisation  is  evident ;  whilst  the  surface  of  the  sore  is  covered  with  a  spongy 
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<lark-col ou red,  strongly  adherent,  foetid  crust,  whose  removal  is  attended  with  free 
bleeding,  and  is  followed  by  a  rapid  reproduction  of  the  same  material.  This  crust, 
in  bad  cases,  as  remarked  by  Lind,  attains  to  a  '  monstrous  size,'  and  constitutes 
what  has  been  appropriately  termed  by  sailors  '  bullock's  liver.' 

With  these  ulcers  other  signs  of  scurvy  co-exist,  and  the  treatment  which  will 
cure  the  scurvy,  will,  if  not  cure,  at  least  reduce  the  ulcers  to  a  healthy  state. 

Gouty  ulcers.—  Persons  of  gouty  habit  are  among  those  most  liable  to  inflamma- 
tory  and  eczematous  ulcers  ;  but  the  form  to  which  this  name  is  specially  given  is 
that  found  in  distinctly  gouty  parts,  or  over  gouty  deposits.  Huch  ulcers  are  usually 
superficial,  and  even  when  they  occur  on  the  palm  or  sole,  and  extend  through  thick 
cuticle,  destroy  only  the  surface  of  the  cutis.  They  are  circular,  if  of  any  definite 
shape,  with  low  shelving  borders,  and  with  bases  that  are  either  florid  and  without 
granulations,  or  covered  with  a  thin  yellowish  or  greyish  layer,  like  a  soft  slough. 
They  discharge  a  thin  ichor,  which  commonly,  as  it  dries,  leaves  a  white  chalky 
deposit ;  and  they  are  exceedingly  slow  in  getting  either  better  or  worse.  The  parts 
around  them  are  usually  healthy,  except  in  so  far  as  they  may  be  gouty. 

The  general  treatment  of  gouty  ulcers  must  be  determined  by  the  general  condi- 
tion of  each  case.  Locally  they  may  be  best  palliated  by  the  simplest  applications, 
such  as  water-dressing  or  simple  ointment ;  or  cured  by  washing  with  solutions  of 
from  five  to  ten  grains  of  nitrate  of  silver  to  an  ounce  of  water. 

Syphilitic  ulcers. — Those  that  are  primary  need  no  mention  here,  except  to  indi- 
cate the  necessity  of  being  on  the  watch  for  the  diagnosis  of  such  as  occur  on  the 
lips,  fingers,  and  other  parts  on  which  they  are  rarely  seen,  and  more  rarely  sus- 
pected by  the  patients.  And  secondary  diseases  of  the  integuments  are  very  seldom 
ulcerative,  unless  when  pustular  eruptions  occur  in  the  cachectic.  Tertiary  syphilitic 
ulcers,  however,  are  so  frequent,  and  their  diagnosis  from  all  others  is  so  important, 
that  although  it  may  involve  repetition,  they  must  be  described  here  as  well  as  else- 
where. They  usually  appear  among  the  latest  signs  of  syphilis,  and  are  most  severe 
in  those  who  are  most  reduced,  whether  by  the  syphilitic  poison  abiding  in  them,  or 
by  mercury,  or  both,  or  by  poverty,  intemperance,  or  naturally  unsound  constitu- 
tion. There  is  probably  no  form  of  ulcer  in  which  the  influence  of  all  these  evils 
is  more  intensely  felt. 

Two  principal  forms  of  tertiary  syphilitic  ulcers  may  be  distinguished  at,  or  near, 
the  beginning  of  their  formation,  of  which  the  one  usually  succeeds  to  rupia  or  the 
tubercular  eruption,  and  the  other  follows  subcutaneous  indurations  with  circum- 
scribed infiltration  of  the  tissues  (gummata,  or  syphilomata).  In  their  later  stages 
the  two  forms  may  not  be  distinguishable  ;  but  they  generally  maintain  the  differ- 
ence of  being,  the  one  superficial,  the  other  deep ;  the  one  extending  through  only 
the  cutis,  the  other  into  or  through  the  subcutaneous  tissue. 

The  mure  superficial  tertiary  syphilitic  ulcers  may  be  known  in  many  cases  by 
being  commingled  with  well-marked  eruption ;  but  when  this  is  not  the  case,  the 
signs  most  to  be  relied  on  are  as  follows.  They  may  occur  on  any  part,  but  are 
most  frequent  on  the  trunk,  as  on  the  back,  shoulders,  nates,  and,  in  next  frequency, 
on  the  limbs.  Their  most  frequent  shapes  are  circular,  annular,  or  crescentic,  or 
horse-shoe  like.  The  annular  shape,  in  which  a  round  or  oval  portion  of  healthy  or 
scar-like  skin  is  surrounded  by  a  ring  of  ulceration  which  often  extends  at  its  outer 
border,  while  healing  at  its  inner,  is  almost  certainly  characteristic  of  syphilitic 
disease;  and  equally  so  is  the  ulcer  in  the  shape  of  the  crescent,  or  horse-shoe,  which 
commonly  heals  at  its  concave,  even  while  extending  at  its  convex  border.  Such 
ulcers  may  be  single  or  multiple,  and  in  the  latter  case  may  be  grouped  or  arranged 
in  a  circle,  or  some  other  curvilinear  figure.  They  may  be  of  any  size,  from  half  an 
inch  to  five  or  six  inches  in  diameter,  and  generally  are  smallest  when  they  ai'e 
most  numerous.  Their  edges  are  usually  abrupt,  sharp-cut,  or  sometimes  jagged  ; 
not  undermined,  or  elevated,  bounded  by  skin  which  appears  little  changed  in 
texture,  but  may  be  ruddy  or  highly  vascular.  Their  surfaces  are  usually  level, 
little  depressed,  uniform,  dusky  dai'k  crimson,  or  more  florid,  with  soft  small  granu- 
lations, if  any.    Their  discharge  very  commonly  concretes  into  scabs,  which  may 
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partially  or  completely  cover  them,  and  may  be  heaped  rap  like  those  of  typical 
rupia. 

Tertiary  syphilitic  ulcers  of  this  kind  are  not  usually  associated  with  evident 
disease  in  the  textures  adjacent  to  them.  They  have  themselves  no  induration,  and, 
rarely  penetrating  beyond  the  cutis  vera,  they  leave  the  subjacent  tissues,  as  well  as 
those  round  them,  soft,  pliant,  and  apt  for  rapid  healing,  with  smooth  and  glistening 
scars  that  scarcely  contract  or  adhere  to  parts  under  them. 

Generally,  the  ulcers  of  this  kind  are  not  associated  with  any  other  active  form 
of  syphilitic  disease,  though  their  diagnosis  may  often  be  assisted  by  the  marks  of 
such  disease  past-by.  Neither  have  they  any  attendant  constitutional  disorder 
other  than  belongs  to  the  several  degrees  of  syphilitic  cachexia,  and  they  are  seldom 
very  painful,  unless  when  seated  on  the  hands  or  feet. 

The  deep  tertiary  syphilitic  ulcers  usually  have  their  origin  in  circumscribed 
indurations  of  a  doughy,  inelastic  consistence,  in  the  subcutaneous  and  sometimes  in 
yet  deeper  tissues.  Such  indurations  are  at  first  painless,  and  scarcely  involve  the 
cutis ;  it  passes  smooth  over  them,  level,  or  but  slightly  upraised.  But  after  the 
lapse  of  an  uncertain  time  (it  may  be  less  than  a  week  or  more  than  a  month)  the 
central  part  of  the  induration  becomes  soft,  and  feels  boggy  or  rotten ;  the  cutis 
becomes  adherent,  red,  and  thin,  and  all  the  diseased  part  more  painful.  Then  the 
thin  skin  ulcerates,  and  at  once  the  diagnostic  characters  of  this  form  of  ulcer  are 
established. 

Such  ulcers  are  most  frequent  on  the  extremities,  especially  near  the  knee  or 
the  elbow,  or  the  shoulder ;  but  they  may  be  found  anywhere,  and  are  not  rare  on 
the  lips,  forehead,  alas  of  the  nose,  and  other  parts  of  the  face,  on  the  palate  and  the 
tongue.  They  are  usually  circular  or  oval,  seldom  less  than  a  quarter  of  an  inch  or 
more  than  an  inch  in  diameter.  There  are  more  often  many  than  one  at  the  same 
part,  and  not  rarely  several  are  found  in  different  stages,  or  of  different  dates  of 
formation.  The  edges  of  these  ulcers  are  usually  very  sharp-cut,  abrupt,  sometimes 
going  right  down  through  the  thick  substance  of  the  induration,  as  if  a  piece  had 
been  punched  out  of  it.  The  edges  are  rarely  either  undermined,  elevated,  or 
everted  ;  but  the  sides  are  sometimes  concave  or  hollowed  out,  and  the  ulcer  usually 
extends  until  the  whole  substance  of  the  induration  is  destroyed.  Their  surfaces 
are  at  first  covered  with  slough,  due  to  the  degeneration  and  death  of  the  indurated 
substance  in  which  the  ulcer  had  its  origin.  Or,  when  not  sloughing,  the  bases  of 
the  ulcers  are  commonly  deeply  excavated,  without  evident  granulations,  resting  on 
the  deeper  subcutaneous  tissue. 

Ulcers  of  this  kind  are  seldom  painful,  unless  when  accidentally  inflamed,  and 
are  remarkably  little  affected  by  posture  or  those  other  external  conditions  which 
notably  modify  the  characters  of  ulcers  that  are  less  evidently  specific.  The  tissues 
adjacent  to  the  induration  which  surrounds  these  ulcers  are  in  the  first  instance 
little  affected ;  but  as  the  disease  extends,  or  has  been  from  the  first  deep-seated, 
they  may  become  even  very  deeply  involved,  e.g.  to  the  deep  fascia?,  or  muscles,  or 
periosteum.  Yery  commonly,  too,  an  area  of  dusky  redness,  or  even  livid  skin, 
surrounds  the  ulcer,  and  the  duskiness  may  be  noted  as  one  of  the  signs  by  which 
these  tertiary  syphilitic  ulcers  may  be  distinguished  from  certain  strumous  ulcers 
which  are  much  like  them,  but  have  surrounding  areas  of  a  bright  pale  pink. 

A  well-marked,  though  not  intense,  cachexia  is  often  (but  far  from  always) 
associated  with  these  ideers,  and  periosteal  or  osteal  pains  may  coexist.  Yet  more 
generally  they  are  the  only  present  signs  of  syphilis ;  the  disease  seems  to  localise 
itself  in  them,  and  it  is  not  very  rare  to.  find  patients  who  have  continued  for  ten  or 
more-years  subject  to  these  ulcers,  but  to  no  other  form  of  syphilis,  and  even  having 
these  ulcers  on  only  one  part,  e.g.  on  one  lower  extremity. 

Little  need  be  said  here  of  the  treatment  of  the  tertiary  syphilitic  ulcers.  It 
must  be  according  to  the  general  rules  which  will  be  laid  down  in  the  essay  on 
Syphilis.  Yet  this  rule  may  be  mentioned.  As  with  all  specific  ulcers,  so  with 
these ;  specific  treatment  is  of  little  or  no  avail,  but  may  be  mischievous,  while  they 


152 


ULCERS. 


are  the  seats  of  acute  inflammation.  This,  though  it  lie  but  an  accidental  complica- 
tion, must  be  reduced  by  ordinary  means  before  specifics  can  be  profitably  given. 

In  connection  with  the  history  of  these  tertiary  ulcers,  it  should  be  mentioned 
that  ulcers  exactly  like  them  may  be  found  in  young  persons  that  have  inherited 
syphilis  ;  and  that  when  tertiary  syphilis  occurs  in  persons  of  strumous  constitution, 
ulcers  may  appeal1  of  intermediate  characters,  in  which  it  may  be  impossible  to  make 
a  diagnosis,  unless  by  the  aid  of  other  signs  of  syphilis. 

Lupous  ulcers  will  be  described  with  the  Diseases  of  the  Skin,  the  tubercular 
condition  of  the  cutis  which  usually  precedes  them  having  given  to  'lupus'  a  claim 
to  a  place  among  cutaneous  eruptions  ;  but  their  chief  diagnostic  characters  may  be 
mentioned  here.  Occurring  often  in  persons  of  marked  strumous  constitution,  they 
are  most  frequent  on  the  face,  especially  on  the  tip  or  ala?  of  the  nose,  and  the  upper 
lip  or  cheek.  They  are  not  very  rare  on  the  external  female  organs  of  generation. 
Often  also  they  are  seated  on  the  boundaries  of  the  skin  and  mucous  membrane  of 
the  nose,  extending  on  both ;  or,  with  ulcers  on  these  parts,  others  may  be  found 
)  lerforating  the  septum  of  the  nose  or  in  the  pharynx.  A  circular  ulcer  perforating 
the  lower  and  anterior  part  of  the  nasal  septum,  slow  in  progress,  and  generally 
healing  when  it  is  rather  more  than  half  an  inch  in  diameter,  is  a  very  characteristic 
form  of  lupus  associated  with  tuberculous  inheritance. 

Lupous  ulcers  are  commonly  preceded  by  one  or  more  flattened,  slightly  elevated, 
firm,  oval  or  roundish,  pink  tubercles  or  thickenings  of  the  cutis.  These  perish  in 
the  ulceration,  and  the  extension  of  the  ulcers  is  not  usually  preceded  by  thickening 
of  the  cutis  next  to  be  invaded.  The  ulcers  take  the  shape  and  number,  and  in 
the  first  instance  the  size,  of  the  tubercles  ;  but  they  soon  extend  and  coalesce,  de- 
stroying in  their  progress  not  cutis  alone,  but  the  deeper  textures,  as  the  cartilages 
and  bones  of  the  nose,  the  mucous  membranes,  or  any  others  that  may  stand  in  their 
course.  And  this  progress  is  not  with  sloughing  or  any  signs  of  active  inflamma- 
tion, but  with  constant  and,  it  may  be,  slow  ulcerative  destruction  of  the  borders  of 
the  ulcers. 

The  borders  are  generally  abrupt,  irregular,  'eaten,'  sometimes  slightly  elevated 
or  thickened  and  firm,  very  rarely  undermined.  The  bases  may  be  nearly  level, 
pale,  and  almost  void  of  granulations,  or  they  may  be  covered  with  coarse,  dusky, 
prominent  granulations  raised  highest  at  the  centres.  In  either  case  the  ulcers  are 
very  often  scabbed  over,  by  the  drying  and  concretion  of  their  discharge  :  but  the 
scabs  do  not  facilitate  scarring  beneath  them  ;  rather,  they  favour  the  progress  of 
the  ulcers.  The  ulcers  are  seldom  painful  or  prone  to  bleed,  even  when  their 
granulations  are  prominent,  and  the  parts  around  them  and  beneath  their  bases  are 
generally  healthy.  Coincident  with  them  may  be  any  form  of  strumous  disease  or  of 
its  consequences. 

Lupous  ulcers  are  the  first  to  which  can  be  ascribed  that  property  of  cancerous  or 
malignant  diseases  which  consists  in  their  proneness  to  extend  irrespective  of  tissues. 
Uut  their  most  evident  affinities  are  with  scrofula  and  tuberculosis.  These  indicate 
the  most  useful  constitutional  treatment,  namely,  that  with  cod-liver  oil  (which  may 
need  to  be  given  in  very  large  doses)  or  other  remedies  for  struma.  And  it  is  to  be 
observed  that  when  tertiary  syphilitic  ulcers  occurring  on  the  face  imitate  many  of  the 
characters  of  lupus,  these  remedies  are  wholly  useless  for  them,  even  more  so  than  is 
the  iodide  of  potassium  for  the  true  lupous  ulcers  of  strumous  origin.  But,  besides, 
local  treatment  is  essential.  A  long  course  of  very  active  stimulants,  such  as  turpen- 
tine, may  heal  lupous  ulceration  ;  but  such  healing  is  insecure,  and  the  disease  is  very 
apt  to  return  in  the  seal'.  It  is  better  to  destroy  the  whole  borders  and  base  of  the 
ulcer  thoroughly  with  some  escharotic,  which  may  penetrate  far  enough  to  reach 
healthy  structures.  What  escharotic  should  be  chosen  must  be  determined  by  the 
conditions  of  each  case. 

Cancerous  ulcers — Rodent  ulcer — Cancerous  i.e.  Sarcomatous  and  Carcinomatous 
ulcers  vary  according  to  the  forms  of  growth  with  which  they  are  severally  connected 
and  in  the  description  of  which  they  will  be  again  referred  to.  But  for  their  diag- 
nosis from  other  ulcers,  two  modes  in  which  they  occur  should  be  noticed.    In  one, 
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the  ulceration  begins  in  the  skin  over,  and  adherent  to  a  cancerous  mass,  into 
which  it  extends  as  it  deepens ;  in  the  other,  the  first  changes  appear  to  be  in  the 
cancer  itself,  and  the  ulceration  is  by  opening  of  the  skin  from  within.  The  two 
modes  may  coincide,  and  their  final  results  may  be  the  same ;  but  the  distinction 
between  then  is  worth  observing. 

In  the  ulceration  from  the  surface  inwards,  the  skin  over  a  tumour  becomes 
gradually  thinner,  adherent,  tinged  with  blood,  dusky  red  or  brownish;  then  it 
cracks,  or  is  excoriated,  or  scabs  ;  the  excoriation  widens  and  deepens,  till  the  sur- 
face of  the  tumour  is  exposed.  If,  now,  the  tumour  be  prone  to  rapid  increase  (as 
soft  carcinomas  and  sarcomas  usually  are),  it  will  generally  protrude  through  the 
ulcerated  opening  in  the  skin,  as  a  so-called  fungous  mass ;  if  less  active,  the  ulcer 
generally  deepens  into  it,  and  then  may  acquire  slowly  the  characters  of  those  that 
commence  in  the  substance  of  the  tumour. 

In  this  manner  of  formation  the  ulcer  may  have  no  characteristic  shape,  but  may 
be  known  from  any  of  the  forms  already  described  by  the  characters  of  the  morl  >id 
growth  beneath  it ;  and  from  ulcers  over  other  than  malignant  growths  by  its  occur- 
ring, not  through  stretching  or  mere  inflammation  of  the  skin,  but  through  the  skin 
becoming  infiltrated  with  the  disease. 

In  the  other  manner  of  ulceration,  degenerative  changes  usually  first  ensue  in 
the  tumour,  with  softening,  and,  it  may  be,  an  ill-conditioned  suppuration.  The 
materials  thus  formed  are  discharged,  with  sloughing  or  ulceration,  through  the 
surface,  leaving  in  the  tumour  a  cavity  like  that  of  a  widely-open  abscess  walled 
in  with  cancer.  Then,  with  continued  ulceration  of  their  internal  surface,  and  at 
their  open  margin,  the  boundaries  of  the  cavity,  or  ulcer,  still  constantly  increase 
by  the  addition  of  new  tumour  substance  ;  so  that,  though  the  ulcer  continually 
enlarges,  it  does  not  destroy  the  tumour  ;  rather  the  growth  extends  more  rapidly 
than  the  destruction,  involving  the  adjacent  structures  more  and  more  widely  and 
deeply. 

The  essentially  distinctive  character  of  these  ulcers  is  the  tumour  structure  which 
bounds  them,  and  in  which,  indeed,  rather  than  in  any  natural  tissue,  they  are 
found.  To  the  growth  of  this  structure,  also,  they  owe  chiefly  their  shape  and  other 
features.  They  are  usually  roundish  or  oval  in  their  general  outline.  Their  edges 
are  generally  raised  and  everted  by  the  exuberant  tumour-growth  in  and  beneath 
the  boundary  of  the  skin ;  and  the  raised  margin,  which  may  be  also  undermined,  is 
usually  hard,  nodular  or  warty,  and  sinuous,  imitating  the  structure  of  the  mass. 
The  base  of  the  ulcer  is  similarly  hard,  nodular,  or  warty,  or  covered  with  coarse 
granulations,  uneven,  deepest  at  its  centre,  not  rarely  bleeding  without  apparent 
cause.  The  discharge  is  usually  a  thin,  acrid,  strongly  smelling  ichor,  which,  in 
cases  of  superficial  ulcers  and  in  old  persons,  often  concretes  into  a  dry  and  almost 
hornlike  scab. 

The  structures  beneath  and  around  the  ulcer,  being  usually  infiltrated  with  the 
tumour,  are  hard  or  firm,  through  a  layer  from  a  line  to  an  inch  or  more  in  thick- 
ness. The  adjacent  skin  may  be  warty,  with  large  papillae.  The  lymph-glands  in 
relation  with  the  seat  of  the  ulcer  may  be  enlarged  and  hard,  not  merely  from  irrita- 
tion or  inflammation,  but  from  malignant  infiltration. 

The  pathology  of  rodent  ulcers  has,  during  the  past  few  years,  been  studied  with 
so  much  success  that  it  is  possible  now  to  class  them  among  the  cancerous  ulcers. 
This  being  so,  it  seems  scarcely  necessary  still  to  call  them  '  rodent  ulcers.'  Probably, 
indeed,  the  term  will  gradually  cease  to  be  employed.  But  for  the  present  it  may 
be  retained,  because  it  is  not  yet  quite  certain  to  which  of  the  carcinomas  the  disease 
belongs.  The  most  typical  of  the  ulcers  to  which  the  name  rodent  has  been  applied 
occur  on  the  upper  portion  of  the  face,  usually  in  persons  over  forty  years  of  age.  They 
present  sinuous  and  slightly  elevated  borders ;  a  smooth,  glazed  surface,  void  of 
granulations ;  a  surrounding  area  free  from  tubercles  and  from  all  sign  of  inflamma- 
tion, but  always  a  little  indurated.  They  yield  a  very  scanty  discharge,  cause  very 
little  pain,  and  even  after  years  of  steady  progress  produce  scarcely  any  effect  upon 
the  general  health.    The}'  are  always  or  almost  always  single,  and  originate  in  a 


154 


ULCEUS. 


wait  or  scaly  spot,  or  pimple  ;  which  picked  off,  forms  again,  or  irritated,  becomes 
more  prominent,  and  at  length  breaks  down  and  ulcerates. 

In  its  origin  and  early  stages  the  disease  cannot  be  distinguished  froni  epithelioma  ; 
and  indeed  in  its  later  stages  the  same  difficulty  of  diagnosis  may  exist  for  all  save  the 
most  typical  cases.  It  is  rather  in  their  course  than  in  their  appearance  that  the 
distinction  between  the  two  diseases  is  supposed  to  lie.  For  rodent  ulcer,  though  it 
affects  all  tissues  impartially  and  thus  destroys  fat,  fibrous  tissue,  muscle,  cartilage 
and  bone,  does  this  so  slowly  that  fifteen,  twenty,  or  even  thirty  and  forty  years 
may  elapse  without  the  production  of  more  damage  than  most  malignant  tumours 
would  effect  in  an  equal  number  of  months.  Its  ravages  are  nevertheless  often 
frightful  to  behold.  The  eyes,  the  nose,  the  greater  portion  of  the  face  may  be  de- 
stroyed. But  the  general  health  is  comparatively  unharmed  ;  the  lymphatic  glands 
are  not  affected ;  and  dissemination  of  the  disease  is  apparently  unknown. 

Its  progress  is  very  difficult  to  check,  for  it  is  exceedingly  prone  to  recur, 
whether  removal  has  been  effected  by  the  knife  or  by  some  powerful  caustic.  And 
herein  lies  the  explanation  :  that,  until  recently,  the  disease  has  been  regarded 
merely  as  an  ulcer  having  cancerous  tendencies  or  affinities,  whereas  it  is  in  truth 
an  ulcerated  carcinoma.  It  has  hitherto  been  too  lightly  treated.  Microscopical 
examination  of  sections  cut  "perpendicularly  through  the  floor  and  edges  of  a  typical 
rodent  ulcer  exhibit  in  all  cases  a  similar  structure  : — masses  or  groups  of  cells,  in 
alveoli  formed  by  fibrous  tissue,  or  more  often  widening  out  and  filling  irregularly- 
shaped  interstices  between  bands  of  fibrous  tissue.  The  cells  are  smaller  than  those 
of  the  surface  epithelium  and  resemble  rather  in  size  and  form  the  cells  of  the  root 
sheaths  of  the  hairs.  They  are  so  closely  packed  together  that  no  intercellular  sub- 
stance can  be  seen  between  them.  The  peripheral  layer  of  cells  of  each  mass  is 
geneially  d  isposed  perpendicularly,  and  looks  like  a  layer  of  columnar  epithelium  ; 
and,  scattered  among  the  central  cells,  cell-nests  or  epidermic  globes  can  often  be 
distinguished,  but  for  the  most  part  of  small  size  and  ill-formed.  Thus,  then,  the 
structure  of  carcinoma  is  apparent  and  may  be  traced  for  some  distance,  probably 
for  two  lines  or  more,  beyond  the  obvious  limits  of  the  disease.  But,  as  has  been  said, 
it  is  not  quite  certain  to  which  form  of  carcinoma  rodent  ulcer  belongs,  or  from 
which  structures  it  is  immediately  derived.  Although  in  some  respects  it  bears  a 
strong  resemblance  to  epithelioma  and  has  been  classed  as  an  epithelioma  by  Dr. 
Collins  Warren  (of  Boston),1  yet  the  small  size  of  the  cells  and  epithelial  nests, 
and  the  difficulty  of  tracing  the  continuity  of  the  cell-masses  with  the  epidermis, 
render  this  conclusion  doubtful.  By  Dr.  Thin  2  its  origin  has  been  attributed  to 
alterations  in  the  sweat-glands ;  and  by  Dr.  Tilbury  Fox,3  with  what  appears  to  be  a 
greater  probability,  to  disease  of  the  outer  portion  of  the  hair-follicles.  For,  in 
sections  of  several  rodent  ulcers,  a  direct  continuity  was  observed  between  this  part 
of  the  follicles  and  the  cell-masses,  while  the  epidermis  was  almost  unchanged  ;  and 
the  cells  comprising  the  masses  resembled  those  of  the  hair-follicles. 

That  a  disease  possessing  a  structure  such  as  this  should  exhibit  malignant  pro- 
perties is  only  to  be  expected.  And  this  disease  exhibits  the  commonest  form  of 
malignancy  in  its  continuous  extension  and  power  of  invading  all  structures  impar- 
tially. But  why  its  malignancy  should  be  limited  thus  to  local  extension  is  more 
difficult  to  comprehend.  In  the  absence  of  dissemination  it  is  most  like  the  epithe- 
liomas. But  the  absence  of  affection  of  the  glands  must  depend  either  upon  some 
peculiarity  in  its  mode  of  growth,  or  upon  absence,  or  an  unfavourable  disposition  of 
the  lymphatics  of  the  parts  in  which  it  grows. 

Rodent  ulcers  have  been  described  in  other  parts  beside  the  face  and  head  ;  on 
the  breast  and  vulva,  for  examjile,  and  by  the  anus.  But  the  only  ulcer  of  this  kind, 
not  occurring  on  the  face,  of  which  sections  have  been  examined  appears  to  be  one 
from  the  shoulder  of  a  lady  who  was  a  patient  of  Sir  James  Paget.  This  ulcer,  which 


1  The  Anatomy  and  Development  of  Rodent  Ulcers,  Boston,  U.S.,  1872. 

2  Pathological  Transactions,  vol.  xxx.  p.  373,  1879.  3  Ibid.  p.  360. 
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had  existed  for  upwards  of  forty  years,  was  examined  by  Dr.  Thin  1  and  the  author. 
The  structure  was  precisely  similar  to  that  described. 

The  treatment  of  rodent  ulcer  must  be  the  same  as  of  all  malignant  ulcers  or 
tumours — complete  removal  or  destruction.  The  earlier  and  more  radical  the  treat- 
ment the  greater  is  the  certainty  of  success.  For  success  ought  to  be  certain  in  any 
save  the  most  advanced  cases.  The  tendency  to  recurrence  which  has  always  been 
so  prominent  a  feature  of  the  disease  is  due  partly,  no  doubt,  to  the  reluctance  which 
must  be  always  felt  to  inflict  a  severe  wound  upon  the  face.  But,  if  the  nature  of 
the  disease  be  borne  in  mind,  and  its  ravages  when  left  to  itself  or  incompletely  dealt 
with,  be  compared  with  the  result  of  its  complete  removal,  no  question  can  possibly 
arise  of  the  desirability  of  removing,  not  only  the  ulcer,  but  at  least  a  quarter  of  an 
inch  of  the  surrounding  healthy-looking  tissues. 

[In  the  foregoing  article  most  of  the  descriptions  of  ulcers  by  Sir  James  Paget 
have  been  word  for  word  retained,  for  it  seemed  impossible  to  better  them.  The 
account  of  Rodent  Ulcer  has  been  re- written  ;  and  the  general  arrangement  of  the 
subject  has  been  altered.] 

James  Paget.  1870. 
Henry  T.  Butlin.  1882. 


1  Pathologicul  Transactions,  vol.  xxix.  p.  237,  1878. 
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DIFFUSED,  spreading  inflammation  of  the  skin,  involving  more  or  less  deeply 
the  subcutaneous  tissues,  and  preceded  and  accompanied  by  febrile  action. 


Of  so  specific  ;i  character  is  the  disease,  that  in  one  of  its  forms  at  least,  it  has 
been  considered  as  belonging  to  the  order  of  contagious  exanthemata.  It  resembles 
the  true  exanthemata,  in  its  being  sometimes  infectious  and  sometimes  epidemic,  in 
its  having  its  period  of  incubation,  and  a  general  tendency  to  definite  duration.  It 
differs  from  them  chiefly  in  its  liability  to  frequent  recurrence. 

Looking  to  its  causes,  the  disease  may  be  divided  into  Symptomatic  Erysipelas 
(E.  consensuale) — the  expression  of  some  pre-existing  constitutional  disturbance  ; 
Idiopathic  Erysipelas — the  result  of  general  causes .  acting  on  the  system  from  with- 
out, such  as  exposure,  miasm,  or  epidemy ;  and  Traumatic  Erysipelas — where  the 
inflammation  is  directly  excited  by  local  irritation  or  inoculation. 

There  are  two  principal  varieties  which  are  now  universally  distinguished  : 
Simple  Erysipelas  (E.  simplex,  verum,  hgitimum,  superficial,  febris  erysipelatosa)  ; 
the  cutaneous  erysipelas  of  Mr.  Nunneley,  where  the  inflammation  is  more  or  less 
limited  to  the  skin,  the  subcutaneous  cellular  tissue  being  only  slightly  or  not  at  all 
affected  ;  Phlegmonous  Erysipelas,  or  the  cellulo-cutaneous  of  Nunneley  (E.  phleg- 
moiwdes,  pseudo-erysipelas,  phlegmon  diffus),  in  which  the  inflammation  partakes 
somewhat  of  the  character  of  phlegmon,  affecting,  concurrently  with  the  skin,  the 
cellular  and  adipose  tissues  beneath,  and  generally  running  on  to  suppuration. 

There  is  no  real  boundary  between  these  two  varieties.  Simple  erysipelas 
usually  involves  the  cellular  tissue  to  a  certain  extent,  and  may  even  be  followed  by 
suppuration  in  it.  Phlegmonous  erysipelas  will  often  terminate  in  resolution.  A 
third  variety  is  perhaps  admissible — (Edematous  Erysipelas  (E.  cede  rru it  odes) ;  for 
although  oedema  is  always  present,  more  or  less,  in  this  disease,  and  largely  so  in 
situations  where  the  skin  is  lax,  as  in  the  scrotum  or  eyelids,  yet  in  some  states  of 
system  the  cellular  tissue  is  loaded  with  serum  beyond  what  would  be  expected  from 
the  amount  of  cutaneous  inflammation,  which  in  these  cases  often  does  not  present 
its  usual  bright  colour.  There  is  yet  one  form  of  inflammation  which,  although  in 
it  the  primary  affection  of  the  skin  is  absent,  is  yet  so  identical  with  erysipelas  in  its 
causes  and  in  most  of  its  essential  characters,  that  it  cannot  properly  be  dissociated 
from  it,  namely,  diffuse  cellular  inflammation — the  cellular  erysipelas  of  Nunneley. 

These  various  forms  of  inflammation  and  their  modifications  must  be  regarded 
but  as  phases  of  one  disease,  which  has  its  seat  not  merely  in  the  part,  but  in  the 
system.  The  form  which  the  disease  may  take  is  determined  by  the  state  of  system, 
the  temperament,  habits,  &e.  of  the  individual,  or  the  external  causes  which  pro- 
duce it. 

Erysipelas  is  closely  allied  to,  if  not  identical  in  essence  with,  other  affections, 
such  as  phlebitis,  angeioleucitis,  puerperal  fever,  etc.,  which,  like  erysipelas,  spread 
indefinitely,  accompanied  by  constitutional  fever  :  and  the  same  may  probably  be  said 
of  many  spreading  inflammations  of  the  serous  and  mucous  surfaces. 

Erythema. — The  distinction  between  erythema  and  erysipelas  is  one  more  easy 
to  make  in  practice  than  to  express  in  words ;  indeed,  the  slighter  varieties  of  ery- 
sipelas are  still  sometimes,  though  improperly,  called  erythema.  The  term  should, 
however,  be  restricted  to  an  affection  often  due  to  mere  mechanical  irritation  or 
obstruction,  to  errors  of  diet,  or  to  some  other  transitory  irritation,  and  destitute  of 
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the  constitutional  fevev,  or  the  serious  importance  of  true  erysipelas.    It  is  necessary 
for  purposes  of  diagnosis  to  give  a  short  account  of  the  varieties  of  erythema. 

Erythema  is  a  pale-red  efflorescence  invading  only  the  superficial  layers  of  the 
skin,  though  sometimes  oedema  is  present,  but  rather  as  a  cause  than  an  effect  of  the 
inflammation.  In  general  it  is  accompanied  by  only  trifling  swelling,  which  soon 
subsides.  It  appears  in  irregularly  circumscribed  patches — sometimes  there  may  be 
but  one,  oftener  there  are  many — which  have  not  the  tendency  to  spread  widely,  and 
join  like  those  of  erysipelas ;  they  rarely  exceed  a  few  inches  in  extent,  and  in 
some  forms  are  not  more  than  a  quarter  of  an  inch  in  diameter.  The  patches  may 
appear  on  any  part  of  the  body  ;  their  most  usual  seat  is  the  chest  and  limbs,  and 
they  are  generally  confined  to  the  part  in  which  they  first  appear,  though  this  is  not 
invariably  the  case.  The  course  of  the  disease  is  generally  rapid,  from  four  or  five 
days  to  a  fortnight  in  duration ;  sometimes  it  is  chronic,  and  it  is  said  even  to  be 
intermittent.  Usually  the  eruption  is  unaccompanied  by  fever,  and  in  most  forms 
is  unattended  with  pain. 

Symptomatic  erythema  appears  in  the  course  of  other  diseases,  or  arises  from 
some  transient  constitutional  disturbance,  as  from  errors  of  diet,  teething,  or  irregu- 
lar menstruation.  It  occurs  generally  in  persons  of  irritable  lax  habit,  with  delicate 
skin.    In  many  persons  the  slightest  causes  induce  an  attack. 

Fugacious  erythema  (E.  Jugax)  is  frequently  associated  with  other  and  more 
serious  diseases,  especially  long-standing  disease  of  the  alimentary  and  other  mucous 
membranes.  But  there  are  few  internal  affections  which  may  not  at  times  be 
accompanied  by  it;  and  it  is  often  an  indication  both  of  their  presence  and  their 
severity.  It  may  come  on,  however,  simply  from  errors  of  diet,  particular  articles 
of  food,  as  shell-fish,  pork,  &c,  invariably  producing  it  in  some  individuals.  A  case 
was  under  Mr.  De  Morgan's  care  in  which  the  mere  touch  of  laudanum  would  bring 
it  on.  It  appears  in  the  form  of  variously-sized  diffused  patches,  invading  chiefly  the 
upper  parts  of  the  body,  and  occurs  most  frequently  in  females.  The  peculiar 
character  of  this  variety  is  its  tendency  to  disappear  suddenly  at  one  part,  to  make 
its  appearance  again  at  another,  this  being  repeated  over  and  over  again.  There  is 
a  little  heat,  but  no  pain,  and  desquamation  rarely  follows  its  subsidence.1 

Erythema  cirdnatum  and  marginatum  are  degrees  of  the  same  form.  In  E. 
circinatum  a  number  of  small  round  patches  appear,  which  spread  at  their  circum- 
ference while  they  fade  in  the  centre,  and  by  their  intersections  form  a  cluster  of 
imperfect  rings.  Sir  Erasmus  Wilson  mentions  a  case  in  which  the  curves  spread 
until  the  whole  trunk  and  hmbs  had  been  occupied  by  them. 

E.  marginatum  differs  principally  in  the  deeper  congestion  of  the  sjiots  and 
rings ;  the  colour  approaches  at  times  to  purple  and  the  borders  are  more  raised 
and  defined.  It  is  more  frequently  seen  in  elderly  persons,  and  in  connection  with 
disease  of  the  internal  organs. 

E.  papydatum  is  distinguished  by  the  small  size  of  the  patches,  which  are  at  first 
of  bright-red  colour,  and  a  little  raised :  they  become  ultimately  dark-coloured.  A 
modification  of  this  variety  is  E.  tuberculahim,  which  is  found  more  usually  in 
debilitated  persons,  and  is  often  ushered  in  by  chills  and  fever  ;  the  spots  are  more 
elevated  and  persistent  than  in  the  papular  form. 

Erythema  nodosum  is  usually  seen  in  females  of  weakly  and  anaemic  habit  of  body 
and  is  not  unfrequently  associated  with  rheumatism.2  It  appears  in  patches  of 
tolerably  uniform  oval  form,  and  sometimes  two  or  three  inches  in  diameter ;  the 
patches  are  elevated  and  have  a  tuberculated  feel ;  they  are  painful  and  often  very 

1  The  erythema  often  seen  in  persons  who  are  inhaling  ether  or  chloroform,  shows  the 
dependence  of  these  forms  of  rash  on  altered  states  of  the  vaso-motor  nervous  system.  It 
appears  chiefly  in  the  form  of  small  patches  about  the  chest — sometimes  about  the  neck  and 
face.  It  is  often  accompanied  by  evident  enlargement  of  the  thyroid  gland.  It  appears 
previous  to  complete  insensibility,  and  passes  off  during  or  shortly  after  an  ordinarily  prolonged 
state  of  anaesthesia. 

2  It  may  be  doubted  whether  this  affection  should  not  he  described  as  one  of  the 
absorbents  only.  It  certainly  bears  much  analogy  to  angeioleucitis.  See  Hebra  on  Diseases 
of  the  Skin,    New  Syd.  Soc.  Trans.,  i.  291 . 
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tender.  Like  the  former  variety,  they  are  at  first  bright,  but  become  in  the  course 
of  a  few  days  dark-coloured  and  livid,  and  then  gradually  fade,  and  are  followed 
by  desquamation  of  the  cuticle.  The  eruption  is  commonly  preceded  by  febrile  symp- 
toms, sometimes  severe,  and  derangement  of  the  digestive  organs ;  these  symptoms 
disappear  as  the  eruption  comes  out. 

The  treatment  of  these  varieties  of  symptomatic  erythema  must  be  guided  by 
the  general  condition  of  system  under  which  they  appear.  WTiere  they  depend  on 
mere  casual  derangement  of  the  digestive  organs,  mild  saline  purgatives  and  a  regu- 
lated diet,  with  the  occasional  use  of  the  tepid  bath,  or  simple  sponging  of  the  skin 
with  tepid  water,  will  be  all  that  is  necessary.  Tonics  are  often  called  for,  as 
generally  the  disease  occurs  in  persons  of  weakly  habit,  or  who  are  debilitated  by 
disease. 

Idiopathic  erythema  may  be  produced  by  anything  which  irritates  the  skin, 
whether  acting  from  within  or  without.  Thus  we  have  an  erythematous  state  of 
skin  from  the  distension  of  oedema  in  weak  persons;  E.  Iceve,  cedemntosum.  Here 
the  skin  has  a  uniformly  shining  transparent  red  appearance ;  this  may  continue 
long  without  change,  and  may  then  terminate  in  resolution,  or  ulceration,  or  even 
mortification  may  take  place.  A  long-continued  depending  position  may  produce 
it ;  and  sometimes  a  similar  inflammation  may  arise  from  internal  derangement. 
The  treatment  consists  in  rest,  position,  cold  lotion,  and  then  gentle  friction, 
and  the  application  of  a  wove  bandage,  with  of  course  attention  to  the  general  state 
of  the  system. 

E.  intertrigo  arises  from  friction  of  one  part  of  the  skin  against  another,  or  from 
the  dress,  or  from  the  irritation  of  discharges ;  it  is  common  in  infants  and  in  very 
fat  persons.  Chemical  irritants,  sun-burn,  alternations  of  heat  and  cold,  &c.  will  pro- 
duce the  same  effect.  Cleanliness,  the  removal  of  the  cause,  and  weak  lotions  of 
lead,  nitrate  of  silver,  or  corrosive  sublimate,  will  generally  suffice  to  remove  it. 

Erythema  sometimes  presents  itself  in  a  chronic  form,  especially  on  the  face ;  it 
is  often  obstinate,  depending  on  internal  derangements,  to  which  the  attention  must 
lie  directed  in  order  to  remove  the  disease.  As  a  general  rule,  symptomatic  erythema 
springs  entirely  from  causes  operating  within  the  system,  while  erysipelas  for  the 
most  part  implies  the  concurrence  of  external  and  special  influences. 

We  may  now  proceed  with  the  consideration  of  the  characters  of  erysipelas. 

The  inflammation,  being  the  manifestation  of  some  contamination  of  the  fluids 
of  the  body,  is,  as  would  be  expected,  preceded  by  more  or  less  of  constitutional  dis- 
turbance. This  is  sometimes  so  slight  as  to  be  unnoticed  by  the  patient,  and  hence 
it  has  been  supposed  that  the  inflammation  may  occur  without  the  general  symj^toms. 
In  many  cases  where  this  has  been  supposed  to  occur,  the  skin-affection  has  been 
one  of  simple  erythema.  The  most  usual  premonitory,  or  accompanying  constitu- 
tional symptoms  are,  a  general  feeling  of  indisposition,  languor  and  chilliness, 
amounting  at  times  to  severe  rigor.  The  skin  is  hot  and  dry ;  there  is  loss  of 
appetite  and  thirst,  with  precordial  pain  ;  a  bitter  taste  in  the  mouth,  and  eructa- 
tions. The  tongue  from  the  first  indicates  the  disorder  of  the  digestive  system.  It 
is  at  first  pale  and  flabby,  and  then  becomes  coated  with  a  yellow  creamy  mucus. 
In  the  latter  stages  it  usually  becomes  dry  and  brown  and  fissured,  but  sometimes 
it  passes  at  once  to  brown,  though  there  may  have  been  little  or  no  previous  fever ; 
and  this  is  frequently  the  case  where  dropsy  is  present.  The  bowels  are  almost 
always  constipated,  and  when  acted  on,  the  motions  are  often  black  and  offensive. 
Occasionally,  however,  diarrhoea  sets  in  from  the  first,  the  motions  being  offensive; 
and  it  is  not  unusual  for  relaxation  of  the  bowels  to  occur  towards  the  close  in 
favourable  cases.  Where  these  symptoms  of  derangement  of  the  digestive  system 
are  especially  marked,  and  the  countenance  assumes  a  yellow  hue,  the  term  '  bilious ' 
has  been  applied  to  the  erysipelas.  The  state  of  the  urine,  which  should  always  be 
looked  to,  varies  with  the  intensity  of  the  febrile  symptoms ;  sometimes  it  is  but 
little  altered,  often  it  is  high-coloured  and  scanty,  depositing  abundantly  the  amor- 
phous lithates.  The  application  of  heat  will,  as  in  many  febrile  diseases,  often 
produce  a  slight  cloudiness  from  coagulated  albumen  ;  and  in  aggravated  cases  there 
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may  be  a  very  considerable  amount  of  it,  tbe  result  of  temporary  congestion  of  the 
kidney.  This  is  most  usually  seen  towards  the  termination  of  the  inflammation, 
where  desquamation  is  taking  place  ;  and  at  this  time  renal  epithelium  will  often  be 
found  as  well.  But  in  a  large  number  of  cases  there  is  no  appearance  of  albumen  in 
the  urine.  Tbe  urine  is  almost  always  acid,  and  abounds  in  urea,  but  with  a 
diminution  of  the  chlorides.  The  pulse  is  quickened  ;  sometimes  it  is  full,  soft,  and 
compressible — sometimes,  and  especially  in  fatal  cases,  irregidar  and  intermittent. 
When  the  disease  has  advanced,  it  may  become  rapid,  small  and  weak :  but  often 
it  remains  large  till  the  death  of  the  patient,  or  the  subsidence  of  the  disease.  It 
has  been  observed  by  Nunneley,  and  confirmed  by  Mr.  Hinckes  Bird  and  others,  that  if 
tbe  pulse  rise  in  frequency  after  the  sixth  or  seventh  day,  it  is  a  very  bad  sign ;  this 
is  generally  true,  through  patients  will  often  recover  in  whom  the  quickening  of  the 
pulse  at  this  period  has  been  noticed.  The  blood  drawn  during  the  early  stages 
generally  shows  the  bufiy  coat.  The  blood-corpuscles  are  diminished  in  number, 
according  to  Andral  and  Gavarret ;  and  Schiinbein  says  that  the  serum  is  always 
tinged  yellow  by  the  colouring  matter  of  the  bile. 1  In  erysipelas  of  the  head  there 
is  often  bleeding  from  the  nose  during  the  acute  stage. 

The  nervous  system  sometimes  shows  no  further  disturbance  than  the  lassitude 
attendant  on  febrile  action.  Often,  however,  and  especially  in  erysipelas  of  the  head, 
there  is,  even  in  the  earlier  stages,  aching  and  oppression  in  the  head,  drowsiness  or 
excitement  amounting  to  delirium.  In  the  latter  stages  of  the  more  formidable 
cases  of  the  disease,  low  muttering  delirium  and  subsultus  are  present.  The  delirium 
does  not  usually  at  any  period  present  the  characters  of  excitement,  but  rather  the 
type  seen  in  low  fever.2  Sometimes  it  resembles  delirium  tremens,  the  patient  being 
readily  recalled  to  consciousness  when  spoken  to,  but  relapsing  speedily  into  a  wan- 
dering state.  The  excitement  is,  however,  rarely  so  great  as  in  delirium  tremens. 
Generally,  in  the  first  instance,  the  wandering  or  delirium  takes  place  only  in  the 
night,  the  mind  during  the  day  being  unimpaired. 

During  the  early  periods  of  the  disease  the  temperature  rises.  The  premonitory 
rigor  is  attended  by  an  increase  of  3°  or  4°,  and  from  this  time,  so  long  as  the  inflam- 
mation is  extending,  the  temperature  will  often  range  from  102°  to  105-5°  ;  being 
generally  lower  during  the  middle  of  the  day  than  in  the  morning  and  evening,  and 
lower  in  the  morning  than  in  the  evening,  Every  fresh  attack,  or  more  active  ex- 
tension of  the  inflammation,  is  marked  by  an  increase  of  temperature.  Generally 
the  changes  in  temperature  coincide  with  changes  in  the  pulse,  becoming  higher  as 
the  pulse  rises  in  frequency;  but  towards  the  end  of  the  complaint  the  temperature 
often  falls  while  the  pulse  remains  quick.  In  favourable  cases  the  temperature 
usually  falls  to  the  natural  standard  on  the  sixth  or  seventh  day  of  the  eruption. 

The  glands  are  almost  always  enlarged  in  erysipelas,  and  very  frequently  this 
enlargement  is  perceptible  before  the  inflammation  of  the  skin,  so  that  Mr.  Busk  has 
stated  his  belief  that  the  primary  seat  of  the  local  inflammation  is  in  the  absorbent 
system. 

If  a  wound  or  granulating  surface  exist,  it  very  often  takes  on  an  altered  action.  The 
edges  or  surface  become  flabby,  and  covered  with  thin  serum  instead  of  healthy  pus. 
Granulations  become  pale,  ami  are  absorbed;  parts  tending  to  unite  are  disunited. 

The  severity  of  the  premonitory  symptoms  is  not  necessarily  an  indication  of  the 
severity  of  the  erysipelas.  They  may  be  very  violent,  and  the  inflammation  slight, 
and  vice  versd.  The  period  that  may  elapse  between  the  attack  of  febrile  symptoms 
and  the  development  of  the  local  inflammation  is  far  from  being  a  fixed  one.  It 
may  vary  from  a  few  hours  to  three  or  four  days,  and  in  rare  cases  to  even  a  longer 
time. 

1  Simon's  Animal  Chemistry,  Sydenham  Soc.  Translation,  vol.  i.  p.  277. 

2  Dr.  Bastian  brought  before  the  Pathological  Society,  in  January,  1869,  some  observa- 
tions on  the  state  of  the  small  arteries  and  capillaries  of  the  grey  matter  of  the  brain  in  a 
fatal  case  of  erysipelas  of  the  head  with  delirium.  These  vessels  were  loaded  with  small 
aggregated  masses  of  white  corpuscles.  The  same  condition  was  found  in  the  capillaries  of 
the  liver  and  kidneys.  To  this  embolism  Dr.  Bastian  attributes  the  delirium  and  the  albu- 
minuria found  in  erysipelas,  and  some  other  febrile  diseases. 
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The  local  symptoms  may  be  described  under  the  principal  forms  of  the  disease  in 
which  they  are  developed,  viz.  of  simple  and  phlegmonous  erysipelas,  and  of  diffuse 
cellular  inflammation, 

In  its  mildest  form  the  inflammation  resembles  in  all  respects  a  simple  erythema. 
The  skin  becomes  of  a  diffused  bright-red  colour;  it  retains  its  usual  pliancy,  and 
there  is  no  swelling  to  be  either  seen  or  felt,  neither  is  there  any  vesication.  The 
patient  experiences  a  sensation  of  tingling  and  slight  burning  in  the  part.  The  con- 
stitutional symptoms  are  usually  very  slight,  and  the  inflammation  terminates  after 
a  day  or  two  inresolution,  followed  perhaps  by  some  desquamation  of  the  cuticle.  In  its 
severer  forms,  simple  erysipelas  presents  more  definite  characters.  The  skin  becomes 
red,  tense,  and  shining:  frequently  of  a  rose  tint,  whence  the  popular  name  ;  but 
the  colour  may  vary  from  a  reddish  yellow  to  a  deep  livid  red.  The  appearance  of 
swelling  may  be  at  first  very  slight,  but  on  passing  the  hand  from  the  sound  to  the 
inflamed  surface,  a  marked  elevation  of  the  latter  will  be  noticed.  The  limits  of  the 
inflammation  are,  in  general,  sharply  defined — the  redness  not  merging  insensibly 
into  the  natural  colour  of  the  skin,  as  is  seen  in  phlegmon.  A  large  portion  of  the 
skin  may  be  attacked  at  once,  and  the  inflammation  has  a  tendency  to  spread  widely 
in  all  directions  :  or  in  one  direction  especially ;  or  it  may  be  to  break  out  in  new 
patches,  which  extend  and  merge  into  one  another,  and  into  the  part  primarily 
affected.  The  parts  newly  invaded  present  the  most  characteristic  appearances,  as 
the  disease  is  usually  fading  in  those  first  attacked,  while  it  is  spreading  to  parts 
beyond.  The  redness  disappears  on  pressure,  and  returns  immediately  on  the 
pressure  being  removed.  The  skin  has  a  more  resisting  feel  than  natural,  and  is 
hot  to  the  touch.  Very  frequently  miliary  vesicles,  or  large  bullae,  appear  after  the 
first  few  days,  which  burst  and  form  incrustations  ;  hence  the  terms  K.  miliwre  and 
phh/ctenodes.  The  vesicles  are  usually  filled  with  a  transparent  serum,  changing 
afterwards  to  a  straw-colour  and  becoming  often  semipurulent ;  in  weakened  states 
of  the  system,  their  contents  have  a  deep  purple  colour.  The  pain  is  at  first  of  a 
tingling  and  itching  character,  becoming  afterwards  more  severe,  burning  and 
smarting.  But  it  is  not  constant,  nor  is  it  ever  of  the  throbbing,  wearing  kind 
which  exists  in  ordinary  phlegmon.  Often  there  is  an  almost  entire  absence  of 
pain  ;  but  tenderness  on  pressure  is  always  present.  This  is  most  marked  while  the 
inflammation  is  recent;  hence  at  the  circumference  there  may  be  great  tenderness, 
while  in  the  central  parts  it  may  have  disappeared. 

The  inflammation,  though  chiefly  affecting  the  skin,  is  not  limited  to  it.  The 
areolar  tissue  beneath  is  more  or  less  infiltrated  with  serum  ;  so  that,  soon  after  the 
first  invasion  of  the  disease,  considerable  tumefaction  takes  place,  and  the  skin 
becomes  correspondingly  tense  and  shining.  When  the  face  is  the  seat  of  the  inflam- 
mation it  becomes  enormously  swollen,  so  that  the  features  are  altogether  obliterated. 

Suppuration  and  gangrene  do  not  generally  result  from  this  form  of  erysipelas  ; 
suppuration,  however,  occasionally  takes  place  in  small  patches  beneath  the  skin, 
especially  in  parts  where  the  cellular  tissue  is  lax;  and  gangrene  may  occur  in 
persons  whose  systems  have  previously  been  much  debilitated.  The  more  usual  course 
is,  that  the  inflammation  extends  and  retains  its  activity  for  three  or  four  days,  and 
then  gradually  declines,  the  swelling  decreasing  from  the  absorption  of  the  serum, 
and  the  skin  getting  a  somewhat  shrivelled  look  and  a  deeper  red  colour.  The 
whole  passes  off  in  from  seven  to  ten  days.  When  the  redness  and  tension  persist 
for  a  much  longer  period,  a  deeper-seated  inflammation,  with  suppuration,  may  be 
suspected.  Desquamation  of  the  cuticle  almost  always  follows  the  subsidence  of 
the  inflammation. 

Simple  erysipelas,  unless  it  attack  the  head  and  face,  or  occur  in  persons  already 
enfeebled  by  disease,  is  not  of  itself  a  formidable  complaint.  In  the  head  and  face  it 
is  dangerous,  from  the  tendency  to  affection  of  the  deeper-seated  organs.  Thus  the 
membranes  of  the  brain  are  often  much  congested  from  the  pressure  made  by  the 
swollen  tissues  of  the  face  and  neck  on  the  veins  returning  blood  from  the 
head,  the  membranes  being  already  in  a  partially  congested  state  from  the  febrile 
condition  attending  the  disease. 


PHLEGMONOUS  ERYSIPELAS. 


161 


Erysipelas,  and  especially  phlegmonous  erysipelas,  of  the  neck  is  peculiarly  dan- 
gerous from  the  tendency  to  oedema  of  the  glottis,  from  the  liability  to  pressure  on 
the  air  passages,  from  the  impediment  which  exists  in  some  cases  to  respiration, 
and  from  the  occasional  spread  of  the  disease  to  the  cellular  tissue  of  the  medias- 
tinum. 

In  oedematous  erysipelas,  the  characters  of  the  disease  are  considerably  modified 
by  the  condition  of  the  patient.  It  occurs  in  those  of  broken-down  constitution, 
affected  perhaps  with  serious  organic  disease,  or  reduced  by  previous  illness. 
Instead  of  the  usual  bright  rose-colour,  the  skin  often  presents  a  pale  brownish 
or  pale  yellowish-red  colour,  and  there  is  a  strong  disposition  for  it  to  run  into 
gangrene.  When  this  is  imminent  the  pain  is  greatly  aggravated  and  the  skin 
assumes  a  livid  dark  appearance.  The  cellular  tissue  becomes  loaded  with  serum, 
and  the  affected  part  presents  much  of  the  character  of  advanced  anasarca.  Such 
cases  are  serious,  not  so  much  from  the  severity  of  the  erysipelas,  as  from  the  low 
state  of  the  vital  powers  of  those  in  whom  it  is  usually  seen. 

One  or  two  forms  under  which  the  inflammation  at  times  appears  may  still  be 
mentioned.  The  disposition  to  spread  from  the  point  originally  invaded  is  one  of 
the  distinctive  characters  of  erysipelas.  But  this  tendency  is  sometimes  so  great 
that  the  inflammation  will  spread  over  considerable  parts  of  the  body,  while  those 
previously  affected  have  returned  to  their  natural  state  (E.  umbulans).  In  other 
cases  the  inflammation  will  not  spread  continuously,  but  will  invade  distant  parts, 
subsiding  in  one  spot  while  it  breaks  out  in  another.  To  this  form,  which  illus- 
trates the  alliance  between  erysipelas  and  the  eruptive  exanthemata,  the  term 
erratic  (E.  erraticum)  has  been  applied.  The  severer  forms  of  erysipelas,  such  as 
the  phlegmonous  and  oedematous,  are  rarely  erratic ;  but  this  erratic  tendency, 
though  generally  associated  with  the  simple  variety,  often  indicates  organic  disease 
of  the  secreting  organs,  or  broken-down  constitution.  It  is  most  frequently  seen  in 
connection  with  erysipelas  of  the  trunk,  and  is  very  rarely  attended  with  vesication. 
The  inflammation  may  appear  slight  and  partake  more  of  the  characters  of  a 
simple  erythema ;  but  this  form  of  the  disease  is  never  to  be  regarded  without  some 
apprehension. 

The  metastatic  erysipelas,  which  has  been  described  by  many  authors,  is 
probably  allied  to  this  erratic  form.  In  these  cases  the  inflammation  suddenly 
recedes  from  the  surface,  and  some  internal  organ — the  lungs,  or  stomach,  or  intes- 
tines— is  immediately  affected.  This  occurrence  is  very  rare,  though  it  is  not  so 
unusual  to  find  the  serous  membranes  affected  coincidently  with  the  skin,  or 
during  the  course  of  the  disease,  but  vithout  any  disappearance  of  the  erysi- 
pelas. 

The  other  great  variety  of  erysipelas,  the  phlegmonous,  into  which,  however, 
the  simple  form  merges  insensibly,  is  of  a  far  more  serious  character.  Simple 
erysipelas  attacks  principally  the  cutis,  and  the  areolar  and  adipose  tissues  are 
affected  only  in  a  secondary  and  comparatively  trifling  manner ;  suppuration  may 
indeed  occur,  but  only  in  small  patches  and  without  death  of  the  structures.  But 
in  phlegmonous  erysipelas  the  subcutaneous  tissues  are  involved  as  largely  as  the 
skin,  and  extensive  suppuration  and  death  of  the  structures  involved  is  the  more 
frequent  termination.  As  in  the  inflammation  of  the  skin,  so  in  that  of  the  areolar 
tissue,  there  is  no  tendency  to  limitation  and  circumscription  by  lymph ;  in  this 
respect  there  is  a  striking  contrast  to  true  phlegmon.  The  skin  itself,  congested  by 
the  inflammation,  and  its  nutrition  interfered  with  by  the  destruction  of  the  areolar 
tissue  which  supports  and  carries  its  vessels,  falls  largely  into  gangrene.  The  general 
constitutional  symptoms  which  usher  in  and  accompany  the  inflammation  are  more 
severe.  Phlegmonous  erysipelas  is  generally  the  consequence  of  wounds  penetrating 
to  the  cellular  tissue.  It  is  in  the  head  and  in  the  extremities  that  the  inflammation 
is  seen  in  its  most  severe  forms.  In  the  former  situation,  however,  destruction  of 
the  skin  is  not  frequent. 

The  general  symptoms  are,  as  has  been  stated,  of  the  same  nature  as  those  seen 
in  connection  with  simple  erysipelas,  but  they  are  usually  of  more  aggravated 
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character.  Dupuytren  has  pointed  out  that  the  febrile  symptoms,  although  con- 
tinued, are  often  marked  by  paroxysms  and  remissions,  so  that  they  have  even  been 
mistaken  for  those  of  intermittent  fever.  The  signs  of  disorder  of  the  digestive 
system  are  generally  more  prominent  in  phlegmonous  than  in  simple  erysipelas. 
Sometimes,  however,  the  disease  sets  in  mildly,  both  locally  and  generally,  and 
gradually  assumes  a  more  serious  character. 

The  inflammation  may  at  first  present  much  the  same  appearance  as  in  the 
simple  form,  and  there  is  often  pain  in  the  parts  for  some  hours  before  the  fever 
manifests  itself.  Generally,  however,  the  redness  is  less  vivid  and  has  a  dusky  hue, 
and  the  colour  is  not  uniform ;  it  is  usually  deeper  at  the  centre  than  towards  the 
circumference.  The  swelling  is  considerable,  and  pressure  with  the  finger  leaves  a 
pit  which  does  not  immediately  fill  up,  nor  does  the  colour  reappear  directly  upon 
the  removal  of  the  pressure.  After  a  time  the  skin  becomes  so  tense  and  hard  that 
pitting  under  pressure  can  no  longer  be  produced;  the  redness  becomes  deeper  and 
often  assumes  a  violet  hue;  small  vesications  and  phlyctsense  are  frequently  but  not 
always  present ;  the  pain  is  severe,  burning,  and  often  pulsating,  and  the  general 
symptoms  are  aggravated;  the  urine  is  high-coloured  and  thick,  its  quantity  is  much 
diminished,  and  this  amounts  at  times  even  to  Suppression ;  the  tongue  is  thickly 
coated  and  yellow. 

At  this  point,  about  the  fifth  or  sixth  day  from  the  invasion  of  the  inflammation, 
the  symptoms  often  remain  for  a  time  stationary,  or  there  may  be  a  fallacious  ap- 
pearance of  amendment.  From  having  been  hard  and  resisting,  the  skin  becomes 
softer,  it  yields,  and  again  pits  under  pressure.  There  is  no  sign  of  fluctuation, 
and  the  surgeon  may  be  flattered  with  the  hope  that  resolution  is  taking  place. 
But  the  persistence,  and  often  the  aggravation,  of  the  general  symptoms,  and,  as  not 
unfrequently  happens,  a  fresh  attack  of  rigor,  indicate  that,  so  far  from  there  being 
amendment,  this  is  really  the  period  at  which  the  most  serious  changes  are  taking 
place.  The  cellular  tissue  has  become  the  seat  of  suppuration  and  death.  No 
fluctuation  can  be  perceived,  for  the  pus  or  purulent  serum,  when  it  first  forms,  is 
diffused  through  the  areolse,  or  in  thin  layers,  without  any  circumscribing  boundary. 
If  the  disease  be  left  to  itself,  the  pus  collects  in  larger  quantities,  separating  the 
skin  from  its  cellular  inenibrane,  and  this  from  the  fascia  below,  even  throughout  the 
entire  limb,  without  forming  a  prominent  swelling  as  in  phlegmon,  but  burrowing 
amongst  the  tissues.  The  skin,  thinned  and  detached,  becomes  livid,  and  ulcerates 
or  sloughs.  The  phlyctsense  which  may  have  formed  burst,  and  show  a  dead  patch 
of  skin  beneath  them.  The  pus  which  escapes  is  foetid,  and  shreds  or  layers  of  dead 
cellular  tissue  are  found  floating  in  it.  From  time  to  time  large  flakes  of  sloughy 
membrane,  often  many  inches  in  length,  and  soaked  in  pus,  are  discharged.  The 
destruction  of  the  skin  proceeds,  parts  which  hitherto  have  retained  sensibility  and 
colour  fall  into  gangrene,  and,  in  extreme  cases,  an  entire  limb  may  be  denuded. 
Generally,  however,  in  the  midst  of  the  loosened  skin  and  sloughy  cellular  tissue, 
small  bands  covered  with  granulations  may  be  seen  connecting  the  skin  with  the 
fascia  below.  These,  as  Dupuytren  has  pointed  out,  should  be  carefully  preserved ; 
they  mark  situations  in  which  the  vessels  and  nerves  have  escaped  the  general 
destruction,  and  they  serve  as  starting-points  for  reparative  action. 

In  general  the  destructive  action  of  the  inflammation  is  limited  by  the  fascia  ; 
but  this  is  not  always  the  case.  Where  the  disease  has  been  very  violent,  the  fascia, 
the  intermuscular  septa,  the  sheaths  of  the  vessels  and  of  the  tendons,  and  the 
tendons  themselves,  may  become  involved.  Even  the  joints  may  be  penetrated  and 
rapidly  destroyed,  and  the  bones  may  be  denuded  of  their  periosteum  and  become 
necrosed.  Under  these  circumstances  the  limb  will  probably  be  permanently  disabled, 
even  if  preserved  ;  and  at  the  best  it  will  be  a  very  long  time  before  the  muscles  can 
again  be  brought  into  use. 

Up  to  what  may  be  called  the  third  stage  of  the  erysipelas,  that,  namely,  in 
which  the  hard  brawny  state  of  the  skin  has  not  given  way  to  the  soft  quaggy  con- 
dition, resolution  may  take  place  underactive  treatment;  rarely,  indeed,  in  the  lower 
extremities,  in  which  there  is  a  strong  disposition  for  the  inflammation  to  run  on  to 
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suppuration.  And  when  suppuration  has  occurred,  the  formidable  destruction  which 
has  been  described  may,  by  treatment,  be  limited  or  arrested. 

The  internal  organs,  in  fatal  cases  of  erysipelas,  do  not  present  any  special 
characters.  Very  frequently  there  will  be  some  morbid  condition  of  liver,  spleen,1  or 
kidneys  ;  often  congestion  of  the  mucous  surfaces  of  the  stomach  and  intestines ;  in 
short,  such  appearances  as  might  be  expected  in  persons  of  broken  constitution, 
especially  when  it  is  caused  by  habitual  intemperance.  The  principal  morbid 
characters  are  found  in  the  blood.  In  the  early  stages  of  the  disease,  it  has  much  the 
appearance  of  ordinary  inflammatory  blood ;  the  fibrin  is  abundant,  and  forms  a 
marked  buffy  coat,  and  the  white  corpuscles  are  very  abundant.  But  when  the 
disease  has  passed  beyond  the  active  stage,  and  symptoms  of  depression  have  come  on, 
the  blood  loses  the  disposition  to  separate,  and  forms  a  thin  loose  coagulum.  Where 
death  has  occurred  from  the  disease,  the  blood  is  sometimes  thin  and  fluid,  sometimes 
pitchy,  often  depositing  a  blackish  powder.  It  stains  the  inner  surface  of  the 
heart  and  great  vessels,  while  the  course  of  the  superficial  veins  is  tracked  out  by 
transudation.  The  corpuscles  are  much  altered,  broken  up,  and  irregular.  There 
are,  then,  sufficient  indications  that,  as  in  typhoid  and  allied  diseases,  the  blood  is 
the  principal  seat  of  diseased  action,  which  manifests  itself  in  death  and  in  disintegra- 
tion of  the  corpuscles. 

A  very  important  fact  was,  however,  mentioned  to  Mr.  De  Morgan  by  Mr. 
Busk,  viz.  that  in  all  the  fatal  cases  which  he  examined,  the  lungs  were  highly  con- 
gested, and  that  on  close  inspection  the  smaller  pulmonary  vessels  were  always  found 
to  contain  pus ;  that,  in  fact,  a  minor  degree  of  pyaemia  was  always  present.  He 
observed  the  same  thing  in  the  small  veins  of  the  head  where  that  part  had  been  the 
seat  of  erysipelas. 

Diffuse  cellulitis. — This  is  a  name  pr'operly  applied  to  the  spreading  inflammation 
of  the  cellular  tissue  in  a  part  where  there  is  no  skin  (as  for  example  in  the  pelvis 
after  surgical  operations  or  spontaneously  in  some  affections  of  the  female  organs),  or 
where  the  skin  is  unaffected,  as  we  see  sometimes  happen  in  the  cellular  tissue 
surrounding  inflamed  absorbents  or  veins.  But  the  name  is  often  used  as  synony- 
mous with  phlegmonous  erysipelas,  a  nomenclature  which  should  be  avoided  as 
leading  to  confusion.  The  disease  is  seen  in  its  most  intense  form  in  those  cases  in 
which,  as  in  dissection- wound,  a  septic  poison  is  directly  inoculated.  Such  cases 
will  be  more  fully  treated  of  under  the  head  of  Animal  Poisons.  They  must,  how- 
ever, be  shortly  noticed  here  in  illustration  of  the  general  pathology  of  the  erysipela- 
tous affections. 

The  general  symptoms,  when  the  disease  takes  place  as  a  consequence  of  ordinary 
injury,  are  the  same  as  are  seen  in  erysipelas,  and  run  the  same  course ;  but  the 
tendency  to  collapse  comes  on  earlier,  and  the  whole  course  of  the  disease  is  more 
rapid.  In  the  cellulitis  which  follows  the  inoculation  of  septic  matter  this  is  especially 
the  case,  and  death  ensues  more  distinctly  from  the  general  poisoning  of  the  system 
than  from  the  extent  and  severity  of  the  local  affection.  The  early  symptoms  may 
come  on  insidiously  or  may  set  in  with  violence,  though  even  then  there  is  usually  a 
feeling  of  malaise  preceding  the  attack.  Profuse  sweating  is  pretty  constantly 
present.  The  prostration  and  excitement  of  the  nervous  system  are  more  marked 
than  in  erysipelas ;  there  is  usually  great  agitation,  and  the  delirium  is  often  very 
violent.  Pain  is  not  at  first  referred  to  the  seat  of  the  inflammation,  but  is  felt 
severely  in  the  limbs,  or  back,  or  head,  and  more  especially  in  the  praecordium,  and 
it  may  move  from  part  to  part.  Pain  in  the  chest,  and  hurried  embarrassed  breath- 
ing, are  present  in  those  cases  where  the  cellular  tissue  of  the  pectoral  region  is 
affected,  as  is  so  usually  the  case  in  dissection-  and  bleeding-wounds.  The  pulse  is 
rapid  from  the  first.  The  symptoms  are  indeed  very  like  those  of  pyaemia,  to  which 
the  disease  is  closely  related. 

1  The  morbid  states  of  spleen,  so  often  found  in  connection  with  erysipelas,  are  no  doubt 
most  frequently  dependent  on  the  altered  condition  of  the  blood  in  the  later  stages  of  the  in- 
flammation, and  not  on  any  pre-existing  disease  of  the  organ.  The  kidneys,  too,  will  often 
be  found  congested  in  cases  which  present  no  evidence  of  previous  disease  of  these  organs. 

M  2 


1G4 


ERYSIPELAS. 


The  course  of  the  inflammation  of  the  cellular  tissue  is  the  same  in  both  classes 
of  the  disease.  Bat  while  after  ordinary  injury  it  spreads  like  phlegmonous  erysi- 
pelas, directly  from  the  original  seat  of  the  injury,  in  cases  of  poisoned  wound  it 
attacks  a  remote  part,  between  which  and  the  puncture,  in  very  many  cases,  no 
direct  communication  can  be  traced.  In  dissection-wound  there  is  often  inflamma- 
tion of  the  absorbents  and  of  the  axillary  glands  ;  but  this  does  not  appear  to  be  a 
necessary  antecedent ;  it  is  often  absent,  or  at  any  rate  unnoticed,  and  is  usually 
transient  when  it  does  occur.  The  puncture,  too,  may  have  entirely  healed.  The 
inflammation  generally  attacks  the  chest  on  the  side  which  has  received  the  wound, 
beginning  in  the  neighbouring  of  the  axilla,  and  spreading  over  the  back  and  chest 
and  abdomen  down  to  the  ilium,  but  rarely  passing  to  the  opposite  side.  It  may, 
however,  begin  on  the  opposite  side  ;  or  when  it  has  commenced  in  the  ordinary 
situation,  may  break  out  afresh  in  distant  parts  or  spread  across  the  chest.  Often 
too  in  the  course  of  the  disease,  patches  of  erysipelas  or  maculte,  like  those  of 
typhus,  may  appear  in  various  parts  of  the  body.  The  extension  of  the  inflammation 
to  the  pleura,  mediastinum,  or  pericardium,  is  not  uncommon. 

The  difference  between  phlegmonous  erysipelas  and  diffuse  cellular  inflammation 
is,  that  whereas  in  the  former  either  the  skin  and  cellular  tissue  are  attacked  to- 
gether, and  from  the  same  cause,  or  the  affection  of  the  cellular  tissue  is  secondary  to 
that  of  the  skin,  in  the  latter  the  cellular  tissue  is  primarily  involved,  and  the  skin 
may  be  free  entirely  from  or  only  secondarily  affected  with  inflammation.  The  part 
is  swollen  and  shining,  very  painful,  and  often  exquisitely  tender  ;  but  the  pain  and 
tenderness  are  due  to  the  tense  condition  of  the  skin,  or  to  the  nerves  traversing  the 
areolar  tissue  being  involved  in  the  inflammation,  not  to  any  inflammation  in  the 
skin  itself.  The  swelling  is  diffused  and  uniform,  not  much  elevated,  and  without  a 
defined  border.  It  is  at  first  elastic  and  hard,  but  after  a  time  becomes  doughy. 
Occasionally  there  is  crepitation,  from  the  development  of  gases  in  the  areolar  tissue. 
These  changes  indicate  that  the  inflammation  has  run  on  to  suppuration  and  slough- 
ing. Although  the  skin  does  not  participate  in  the  primary  inflammation,  yet  there 
is  often  an  erythematous  blush  on  it  indicative  of  the  disease  below.  The  absence 
of  cutaneous  inflammation  is  most  marked  in  those  cases  which  arise  from  poisoned 
wound,  followed  by  distant  cellulitis. 

Resolution  may  occur,  but  it  is  much  less  frequent  than  in  phlegmonous  erysipe- 
las. In  the  less  severe  cases  healthy  abscess  may  form  ;  but  almost  invariably  the 
suppuration  is  diffused,  and  death  of  the  cellular  tissue  ensues. 

The  condition  of  the  parts  is  the  same  as  is  seen  in  the  subcutaneous  tissue  after 
phlegmonous  erysipelas ;  but  there  is  in  general  a '  greater  disposition  to  deep  sup- 
puration and  destruction  of  fasciae,  intermuscular  aponeuroses,  and  sheaths  of  tendons. 
The  deeper-seated  layers  of  cellular  tissue  may  become  directly  inflamed  after  injuries 
or  operations.  Operations  on  the  sternum  or  neck  are  sometimes  followed  hy  diffuse 
inflammation  in  the  mediastinum  ;  and  lithotomy,  or  division  of  fistula,  by  inflam- 
mation of  the  pelvic  fascise  or  the  areolar  tissue  about  the  rectum. 

The  inflammation  may  extend  from  affections  of  the  throat  in  malignant  scarlet 
fever,  and  may  supervene  in  other  parts  at  the  termination  of  low  fevers,  especially 
when  complicated  with  disease  of  the  intestinal  mucous  membranes. 

Death  occurs  in  these  cases,  and  especially  after  dissection-  or  poisoned  wound, 
more  rapidly  than  from  erysipelas.  Some  have  terminated  fatally  as  early  as  the 
fourth  day  from  the  receipt  of  the  wound,  and  the  eighth  day  seems  to  be  about 
the  average. 

Causes. — The  question  as  to  the  essential  cause  of  erysipelas  is  still  involved  in 
much  obscurity.  There  is  now  no  doubt  that  the  inflammation  depends  on  some 
morbid  state  of  the  system,  probably  beginning  in  the  blood  ;  which,  as  in  the  exan- 
themata and  in  typhoid  fever,  manifests  itself  in  an  altered  local  condition  and  in  a 
general  febrile  action.  Dr.  Robert  Williams,  who  objects  to  the  notion  that  a 
morbid  poison  can  be  developed  in  the  system,  supposes  that  an  erysipelatous  virus 
is  always  more  or  less  present  in  the  atmosphere,  ready  to  act  on  those  who  are 
capable  of  receiving  it  in  consequence  of  a  pre-existing  unhealthy  state.  It  certainly 
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cannot,  like  an  ordinary  inflammation,  be  produced  at  will  by  continued  local  irrita- 
tion, however  intense  or  prolonged,  while  in  some  the  slightest  local  disturbance 
will  excite  it ;  and  in  such  persons,  as  was  pointed  out  by  Hunter,  '  every  inflam- 
mation, wherever  it  exists,  will  probably  be  of  this  kind.'  Be  this  as  it  may,  there 
is  no  doubt  that  certain  causes  predispose  to  it ;  and  that  when  the  system  is  thus 
predisposed,  it  may  arise  apparently  spontaneously  or  from  any  local  irritation. 

The  causes  of  erysipelas  and  of  other  similar  constitutional  disorders  are  usually 
divided  into  '  predisposing '  and  '  exciting.'    The  predisposing  causes'  are  such  as 
render  the  patient  liable  to  the  disease,  but  cannot  themselves  produce  it.  Bad 
ventilation  is  looked  upon  as  a  predisposing  cause ;    yet  it  may  be  questioned 
whether  in  the  foul  air  of  badly  ventilated  hospitals  and  other  places  there  may  not  be 
contained  germs  or  contagia  which  produce  the  disease,  and  of  late  years  it  has  been 
often  asserted  that  these  germs  are  of  the  nature  of  bacteria,  i.e.  spores  of  living 
bodies.    The  proof  seems  to  me  at  present  to  be  deficient,  though  it  may  be  conceded 
that  bacteria  are  found  both  in  the  fluids  and  in  the  tissues  of  persons  labouring 
under  erysipelas,  and  that  the  inoculation  of  such  fluid  may  produce  erysipelas  in 
healthy  subjects.    This,  however,  is  far  from  proving  that  the  bacteria  are  the  cause 
of  the  contagion,  while  the  spontaneous  origin  of  erysipelas  in  some  cases  is  very 
difficult  of  explanation  on  the  bacterial  theory.1    The  important  point  to  recollect 
in  practice  is  that  either  foul  matters  used  in  dressing  or  foul  air  may  produce  the 
disease.    An  instructive  example  of  this  was  seen  in  one  of  the  male  accident- wards 
of  the  Middlesex  Hospital  a  few  years  ago.    It  was  observed  that  erysipelas  com- 
monly attacked  the  patients  in  two  beds  in  particular,  while  it  did  not  occur  in  any 
other  patient  in  the  ward  or  in  the  hospital  generally.    The  constant  repetition  of 
this  occurrence  led  to  the  conclusion  that  some  special  cause  of  vitiation  of  the 
atmosphere  was  in  operation  in  the  neighbourhood  of  these  beds,  and  it  appeared 
probable  that  the  presence  of  a  dust-bin  in  the  area  below  the  window,  on  each  side 
of  which  they  were  placed,  must  have  had  to  do  with  the  phenomenon.    The  dust- 
bin was  cleansed  and  whitewashed,  its  door  was  kept  closed,  and  directions  were 
given  that  the  window  should  not  be  allowed  to  remain  open.    The  erysipelas  at 
once  disappeared.    A  couple  of  years  afterwards,  the  disease  was  again  found  to 
attack  the  patients  in  the  same  beds.    It  appeared  that  the  precautions  had  been 
neglected,  the  dust-bin  had  again  become  foul,  and  the  door  had  been  allowed  to 
remain  open.    The  adoption  of  the  same  measures  again  rendered  the  beds  healthy, 
and  they  have  aince  remained  so. 

Exposure  to  cold  and  wet,  improper  or  insufficient  diet,  and  habitual  intem- 
perance, predispose  to  the  disease,  partly  by  their  general  debilitating  effect,  partly 
by  their  inducing  disease  of  the  abdominal  viscera,  especially  of  the  liver  and  kidneys. 
Indeed  derangement  of  the  digestive  and  excreting  organs,  particularly  diabetes  and 
Bright' s  disease,  must  be  ranked  as  amongst  the  foremost  of  the  predisposing 
causes.  Women  suffering  from  amenorrhcea  or  dysmenorrhcea  seem  to  be  very 
liable  to  be  attacked  by  it.  Sometimes  erysipelatous  inflammation  takes  place 
periodically  at  the  menstrual  period.  Powerful  mental  emotions,  whether  temporary 
or  continued,  are  undoubted  predisposing  causes ;  and  none  more  so  than  protracted 
anxiety — perhaps  from  its  influence  on  the  digestive  organs. 

In  some  persons  there  seems  to  be  a  constitutional  predisposition  to  erysipelas, 
the  slightest  causes  inducing  an  attack  of  inflammation.  It  is  observed  that  this 
proneness  to  the  disease  is  often  connected  with  the  rheumatic  and  gouty  diathesis. 

Exciting  causes. — Of  the  exciting  causes  the  most  frequent  is  local  injury.  Any 
kind  of  wound,  even  the  simplest  incised  wound,  any  contusion,  or  fracture,  or  sprain, 
may  excite  the  inflammation ;  but  lacerated  wounds  of  the  extremities,  and  scalp- 
wounds,  are  its  most  fruitful  sources.  Fatal  erysipelas  has  followed  the  mere 
removal  of  an  atheromatous  tumour  of  the  scalp.  But  while  the  inflammation  may 
follow  the  simplest  wounds  where  every  proper  attention  is  paid  to  them,  they  be- 
come far  more  decided  causes  of  it  if  irritated  by  improper  applications  or  by  friction, 

1  See  on  this  subject  Koch  on  Traumatic  Infective  Diseases,  translated  for  the  New  Syd. 
Soc,  pp.  15-21.    Lukomsky,  in  LangenbecNs  Archiv.  vol.  lx. 
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or  if  thorough  cleanliness  be  not  observed.  The  retention  of  an  unhealthy  purulent 
discharge  by  compression  or  bandages  is  a  common  cause  of  erysipelas. 

A  current  of  cold  air  will  excite  the  disease  in  the  head ;  and  it  often  follows 
the  application  of  cold  to  the  loins  during  menstruation,  whereby  the  discharge  is 
checked.  A  sudden  chill  will  cause  it.  Over-exertion  will  determine  its  appearance. 
Generally,  however,  in  such  cases  there  are  co-existing  circumstances  favourable  to 
the  production  of  erysipelas ;  as  long  exposure  to  cold  or  wet,  insufficient  food,  &c. 
This  is  often  seen  in  the  London  hospitals  in  those  who  have  walked  from  long- 
distances  in  search  of  employment.  But  there  is  another  and  perhaps  more  decided 
cause  in  operation,  namely,  the  vitiation  of  the  blood  itself  by  over-exertion.  The 
observations  of  Duhamel,  Haller,  and  Chaussier  show  that  in  over-driven  animals 
the  blood  becomes  disorganised,  and  capable  of  producing  gangrenous  pustules  and 
malignant  fever  when  inoculated  in  healthy  animals  or  in  man.1  And  yet,  as  is  seen 
from  the  Crimean  army  report,  the  fatigue  to  which  the  men  were  exposed,  even 
when  followed  by  severe  wounds  and  confinement  in  hospital,  did  not  give  rise  to 
erysipelas. 

The  scarification  of  parts  affected  with  oedema,  the  legs  and  scrotum  especially, 
is  very  aj>t  to  excite  the  disease,  as  are  leech-bites  and  wounds  made  in  venesection ; 
and,  when  the  predisposition  is  strong,  even  casual  errors  of  diet.  In  short,  it 
would  seem  that  anything  which  produces  a  sudden  derangement  of  the  actions  of 
a  part,  or  of  the  whole  of  the  system,  may,  under  certain  circumstances,  determine 
an  attack  of  erysipelas.  In  general,  however,  in  order  to  induce  phlegmonous 
erysipelas  or  diffuse  cellular  inflammation,  the  exciting  cause  must  operate  directly 
on  the  areolar  tissue. 

Epidemic  erysipelas. — It  is  a  matter  of  common  observation,  that  erysipelas  is 
far  more  prevalent  at  one  time  than  at  another,  and  in  one  situation  than  in 
another.  But  this  tendency  has  often  been  present  to  so  great  an  extent  as  to  give 
to  the  disease  the  character  of  a  severe  epidemic.  Nothing  is  known  as  to  the 
condition  of  weather  which  favours  these  epidemics  of  erysipelas.  Generally,  how- 
ever, other  epidemics  have  been  prevalent  at  the  same  time ;  and  we  may  hence 
conclude  that  the  atmosphere  was  unfitted  to  destroy  the  miasmata  which  were 
generated. 

Contagiousness  oj  erysipelas. — "While  the  existence  of  epidemic  erysipelas  is  un- 
questioned, the  infectious  nature  of  the  disease  is  by  no  means  universally  admitted. 
The  French  writers  generally  are  opposed  to  such  a  notion,  while  it  is  received  by 
most  English  authorities.  The  question  is  one  of  great  practical  importance.  The 
possibility  of  producing  the  disease  by  direct  inoculation  from  the  vesicle  was  asserted 
by  Willan  on  experimental  grounds,  and  Orth  has  recently  published  experiments 
in.  which  he  has  produced  in  rabbits  an  inflammation  entirely  analogous  to  erysipelas, 
by  injecting  under  the  skin  the  contents  of  an  erysipelatous  bulla,  and  this  affec- 
tion was  reinoculated  in  another  rabbit  by  the  injection  under  its  skin  of  cedema- 
tous  fluid  from  the  cellular  tissue  of  the  first.2  All  hospital  surgeons  are  aware  of 
the  risk  attending  the  indiscriminate  vise  of  sponges  when  erysipelas  is  present  in  a 
ward.  It  is  seen  that  if  a  wound  be  cleansed  with  a  sponge  which  has  been  used  on 
an  erysipelatous  patient,  the  disease  is  pretty  sure  to  appear  in  it.  In  most  hospitals 
sponges  are  not,  on  this  account,  allowed  to  be  used,  and  tow  or  cotton-wool  are 
substituted,  and  are  at  once  destroyed.  And  this  is  a  wise  precaution.  There  is, 
indeed,  no  proof  here  that  a  specific  virus  is  transferred  from  one  patient  to  another. 
Those  who  deny  the  contagious  nature  of  erysipelas  not  unreasonably  assume  that 
when  the  disease  is  prevalent  it  may  be  excited  by  any  irritation,  and  especially  by 
the  application  of  impure  animal  matter  to  a  wounded  or  ulcerating  surface.  In  the 
same  way,  the  mere  fact  of  the  extension  of  erysipelas  in  a  hospital,  or  other  limited 
locality,  without  direct  contact,  is  no  evidence  per  se  of  infection.  It  may,  and 
perhaps  most  frequently  does,  depend  on  peculiar  atmospheric  conditions,  the  result 
of  imperfect  ventilation  or  unwholesome  exhalations,  which  generate  possibly  the 

1  See  on  this  subject  Copland's  Dictionary,  art.  'Blood,'  p.  192. 
2  Koch,  op.  cit.  p.  10. 
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efficient,  possibly  only  the  predisposing,  causes  of  the  disease.  It  must  be  admitted 
that  the  disposition  to  the  propagation  of  erysipelas  by  infection  is  not  so  great  as 
is  seen  in  the  case  of  many  diseases. 

But  the  cases  recorded  by  Dr.  Wells,1  Dr.  Stevenson,2  Mr.  Arnott,3  Sir  W. 
Lawrence,4  Dr.  Elliotson,  Mr.  Erichsen,5  and  others,  are  too  well  known  to  require 
repetition  here.  They  are  too  numerous  and  too  striking  to  admit  of  any  reasonable 
interpretation  save  that  of  the  presence  of  disease  of  an  infectious  nature.6 

But  the  question  of  the  identity  in  nature  of  erysipelas  proper  with  many 
internal  inflammations,  which  has  been  before  alluded  to,  is  one  of  even  greater 
importance.  At  the  present  day,  little  doubt  is  entertained  by  British  surgeons 
of  the  connection,  if  not  the  identity,  of  this  disease  with  puerperal  fever.  They 
both  arise  under  the  same  circumstances,  and  the  instances  of  their  co-existence  in 
the  same  patient,  and  of  the  tendency  which  each  seems  to  possess  to  excite  the 
other,  are  so  numerous,  that  it  is  next  to  impossible  to  resist  the  conclusion  that 
puerperal  fever  is  but  an  internal  manifestation  of  erysipelas.  And  if  so,  the  entire 
difficulty  of  receiving  the  view  that  other  internal  membranes  may  be  the  seats  of 
the  disease,  is  removed.  That  they  are  far  less  frequently  so  than  the  peritonseum 
after  childbirth,  is  only  what  we  should  expect.  They  can  rarely  be  exposed  to 
influences  so  favourable  to  the  production  of  the  disease:  Cases  such  as  the  follow- 
ing, reported  by  Dr.  Gibson,7  tend  to  this  conclusion  :  '  An  infant  was  attacked 
with  erysipelas  of  one  foot.  The  mother  was  soon  afterwards  seized  with  the  disease 
in  the  head  and  face.  The  wet-nurse  of  the  infant  was  taken  with  pneumonia,  and 
was  removed  home,  a  distance  of  four  miles.  Her  father,  who  had  had  an  injury  to 
the  head,  was  soon  afterwards  seized  with  erysipelas  of  the  scalp,  and  died  •  her 
sister  had  low  fever,  with  sore  throat ;  and  two  children  in  the  same  house  were 
attacked  with  croup,  and  died.'  Dr.  Warren  8  states  broadly,  '  I  have  seen  numbers 
of  patients  perish  a  few  days  after  operations,  at  the  time  that  erysipelas  prevailed 
in  the  hospital,  without  the  slightest  external  erythema.  In  such  instances  I  have 
been  in  the  habit  of  stating  to  you  that  these  patients  died  of  erysipelas  as  truly  as 
if  they  had  been  covered  with  an  erythematous  eruption.'  Careful  observation  is 
still  required  on  this  point,  the  importance  of  which  in  regard  to  treatment  can 
hardly  be  over-estimated. 

Diagnosis. — Erysipelas  is  little  likely  to  be  mistaken  for  any  other  disease.  Its 
limitation  to  one  part  of  the  body,  and  the  uniform  character  of  the  redness  and 
absence  of  punctation  where  it  is  invading  fresh  portions  of  skin,  and  the  absence 
(save  in  erysipelas  of  the  head  and  face)  of  sore  throat,  distinguish  it  from  scarlet 
fever.  Erythema  has  a  greater  disposition  to  appear  in  patches  ;  there  is  no  swelling, 
and  the  general  symptoms  are  usually  milder.  There  is  no  doubt,  however,  that 
under  the  name  of  erythema  are  often  included  cases  of  mild  erysipelas. 

Phlegmonous  erysipelas  is  not  always  so  readily  distinguished  from  other  diseases. 
It  most  resembles  those  with  which  it  is  most  frequently  associated,  such  as  ordinary 
internal  phlebitis,  phlegmasia  dolens,  or  inflamed  absorbents.  Where,  as  in  a  lirub, 
the  hard  and  tender  veins  can  be  traced,  and  the  swelling  is  principally  limited  to 
their  track,  the  distinction  may  be  readily  made  ;  but  when  there  is  more  diffused 
swelling,  and  the  course  of  the  veins  cannot  be  traced,  there  may  be  at  first  some 
difficulty.  In  phlebitis,  however,  there  is  much  less  tendency  to  discoloration  of  the 
skin  than  even  in  cellulitis.    The  appearance  of  the  limb  and  the  early  symptoms  in 

1  Trans,  of  a  Society  for  the  Improvement  of  Med.  and  Chir.  Knowledge,  vol.  ii. 

2  Trans,  of  the  Medical  and  Chirurgical  Soc.  of  Edinburgh,  vol.  ii. 

3  London  Medical  and  Physical  Journal,  March  1827. 

4  Medico- Chirurgical  Trans,  vol.  xiv. 

5  Art  and  Science  of  Surgery,  tth  edition,  vol.  i.  p.  495. 

6  In  the  last  edition  of  this  work  Mr.  De  Morgan  gave  additional  instances  of  the  con- 
tagiousness of  erysipelas.  I  think  it  unnecessary  to  reproduce  these  cases,  as  I  take  it  for 
granted  on  all  hands  that  erysipelas  is  feebly  contagions.  The  contagion,  however,  of  single 
cases  is  little  to  he  dreaded.  When  a  number  are  collected  together  into  an  '  erysipelas- 
ward  '  it  may  he  different. — [T.  H.] 

7  Trans,  of  Edinb.  Med.  and  Chir.  Soc.  vol.  iii.  8  On  Tumours,  p.  255. 
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intense  absorbent  inflammation  sometimes  resemble  wbat  is  found  in  diffuse  inflam- 
mation, and  the  two  frequently  co-exist;  but  the  red  streaks  and  the  extreme  tender- 
ness of  the  glands  will  point  out  the  presence  of  the  former.  Extensive  subfascial 
phlegmonous  inflammation  may  produce  rapid  and  general  swelling  of  a  limb,  but 
the  swelling  soon  becomes  more  localised  and  elevated ;  and  the  character  of  the 
pain  and  the  attendant  fever  are  unlike  those  of  diffuse  cellulitis. 

Proynosis. — So  many  attendant  circumstances  must  be  taken  into  account  in 
estimating  the  probable  results  of  an  attack  of  erysipelas,  that  it  is  difficult  to  lay 
down  any  general  rules  for  the  guidance  of  the  judgment.  Each  case  will  present 
its  own  special  character. 

The  season,  and  the  general  or  local  state  of  the  atmosphere ;  the  age  and  con- 
stitution of  the  patient,  his  previous  habits  and  the  co-existing  diseases ;  the  exciting 
cause  and  mode  of  invasion,  and  the  character  and  the  situation  of  the  inflammation 
must  be  taken  into  account.  The  simple  varieties  uncomplicated  with  other  disease 
will,  if  the  patient  be  placed  in  a  good  atmosphere,  run  their  course  favourably,  and 
terminate  in  resolution  in  from  six  to  ten  days.  But  under  other  circumstances  they 
maypass  into  more  serious  forms,  or  may  of  themselves  be  not  unattended  with  danger. 
When  the  disease  is  epidemic  or  endemic,  no  attack,  however  slight  at  first,  is  quite 
free  from  peril ;  and  if  at  such  times  it  supervene  on  wounds,  the  mortality  is  often 
great.  In  the  very  young  and  in  the  aged  it  is  never  without  danger,  nor  in  persons 
of  cachectic  habit,  or  whose  constitution  has  been  broken  by  previous  disease  or 
intemperance.  When  the  disease  attacks  a  dropsical  limb,  or  comes  on  in  the 
course  of  adynamic  fever,  it  often  proves  fatal.  In  the  former  case,  this  depends 
rather  on  the  cause  of  the  dropsy  than  on  the  local  condition ;  for  there  are  no 
circumstances  under  which  erysipelas  is  more  dangerous  than  when  the  liver  or 
kidneys  are  diseased.  In  a  large  majority  of  fatal  cases  in  adults,  when  the  erysipelas 
is  not  epidemic,  it  will  be  found  that  there  is  cirrhosis,  or  some  other  organic  disease 
of  the  liver,  or  degeneration  of  the  kidney.  The  presence  of  albumen  in  the  urine, 
therefore,  in  the  early  stages  of  the  disease,  and  in  unvarying  amount,  must  always 
excite  grave  apprehension,  as  must  its  presence  at  any  period  when  accompanied  by 
a  low  specific  gravity.  In  the  desquamative  stage,  as  has  been  stated,  albumen  is 
often  present  in  greater  or  less  quantity,  but  disappears  as  the  disease  declines. 
When  diabetes  is  present,  the  erysipelas  is  serious,  and  often  fatal ;  and  when  the 
disease  is  erratic,  or  recurrent,  or  when  it  lingers  on  beyond  the  ordinary  periods  of 
resolution — the  pulse,  instead  of  becoming  slower,  remaining  quick  or  becoming 
accelerated — a  very  guarded  opinion  should  be  given ;  such  forms  are  frequently 
associated  with  internal  organic  mischief.  It  is  principally  in  the  two  former 
varieties  that  metastasis  to  deep-seated  parts  is  said  to  occur.  This  is,  however,  not 
a  common  event  in  any  form  of  erysipelas ;  when  it  does  take  place,  it  is  often  fatal. 

The  more  severe  forms  of  the  disease,  phlegmonous  erysipelas  and  diffuse  cellular 
inflammation,  usually  occur  after  wounds ;  especially  lacerated  wounds,  and  those 
made  in  the  great  surgical  operations.  They  are  never  unattended  by  danger,  but 
the  amount  of  danger  will  depend  on  the  presence  or  absence  of  the  conditions  which 
have  been  just  noticed.  It  is  in  the  head  and  in  the  limbs  that  injuries  most  tend 
to  excite  the  inflammation.  In  the  head  it  is  more  specially  liable  to  occur,  both 
symptomatically  and  idiopathically,  and  should  never  be  regarded  otherwise  than  as 
a  serious  disease,  from  the  disposition  which  exists  to  congestion  of  the  membranes 
of  the  brain,  and  to  spreading  inflammation  in  the  fauces  and  air-passages.  Apart 
from  this,  the  clanger  of  these  forms  of  erysipelas  will  be,  cceferis  paribus,  in  propor- 
tion rather  to  the  extent  to  which  the  areolar  tissue  is  involved  than  to  the  severity 
of  the  inflammation ;  the  affection  of  a  whole  limb  will  be  more  dangerous  than  a 
more  limited  though  more  intense  inflammation.  After  all,  it  may  be  stated  as  a 
general  proposition,  that  erysipelas  is  dangerous  more  from  its  association  with  other 
diseases  than  of  itself. 

While  erysipelas  is  sometimes  a  serious  disease,  it  not  unfrequently  has  a  salutary 
effect  on  a  part  or  on  the  system.  It  often  seems,  like  a  fit  of  the  gout,  to  clear 
away  a  long-standing  condition  of  general  indisposition.    When  the  disease  has 
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passed  off,  the  patient  will  be  found  to  have  regained  elasticity  of  mind  and  body. 
And  in  the  same  way,  when  a  part  long  affected  with  some  chronic  intractable  dis- 
order has  been  attacked,  the  disease  will  have  often  disappeared  or  have  been  much 
ameliorated  on  the  subsidence  of  the  inflammation. 

Treatment. — The  old  anti-phlogistic  plan  of  treating  erysipelas  is  now  so  entirely 
abandoned  that  it  would  be  only  a  loss  of  time  to  discuss  it. 

It  is  not,  however,  altogether  correct  to  call  erysipelas,  as  is  often  done,  a  disease 
of  debility,  in  the  sense  that  all  who  are  attacked  by  it  are  in  a  weakened  or  low 
state.  That  the  disease,  by  its  continuance,  induces  such  a  condition  is  undoubtedly 
true  ;  but  persons  whose  general  powers  are  unimpaired  may,  from  occasional  and 
accidental  causes,  be  placed  in  circumstances  under  which  they  may  take  the  disease. 
In  such  cases  the  symptoms  would  run  high,  and  the  question  might  reasonably  be 
entertained,  whether  a  treatment  calculated  to  diminish  the  intensity  of  the  symptoms 
and  ward  off  the  consequences  which  would  follow  their  free  development,  woidd  not 
be  justifiable  and  even  appropriate.  Erom  improved  sanitary  conditions,  the  efficient 
causes  of  erysipelas  are  not  now  so  rife  in  this  country  as  they  formerly  were,  and 
those  attacked  by  it  are  generally,  by  habitual  intemperance  or  by  some  continued 
predisposing  cause,  very  susceptible  to  its  influence  ;  their  system  is  already  below 
par.  On  the  other  hand,  whatever  may  be  at  first  the  character  of  the  symptoms, 
the  disease  sooner  or  later  induces  a  state  of  system  which  demands  support ;  and  a 
wise  forethought  would  lead  to  the  practice  of  husbanding  the  patient's  strength  as 
far  as  possible.  It  is  admitted,  moreover,  on  all  sides,  that  cases  frequently  arise  in 
which  depletion  could  not  be  thought  of,  and  in  which  stimulants  and  support  are 
required  from  the  first ;  and  such  are  the  cases  which  now  almost  universally  present 
themselves.  There  is  one  circumstance  which  should  never  be  absent  from  the  mind 
in  considering  the  propriety  of  lowering  the  patient,  and  that  is,  the  tendency  which 
is  often  shown  to  sudden  prostration. 

Whatever  may  be  the  mode  of  treatment  adopted,  there  is  one  point  which  should 
never  be  neglected.  Every  means  should  be  taken  to  ventilate  the  room  properly  ; 
the  bed-curtains  should  be  removed,  and  the  air  should  be  freely  admitted  around  the 
bed.  If  two  or  more  be  affected  in  the  same  house  or  ward  of  a  hospital,  they  should 
be  separated.  These  precautions  diould  be  taken,  not  only  for  the  patient's  sake,  but 
to  prevent  as  far  as  possible  the  risk  of  infection.  If  the  erysipelas  be  in  the  head 
and  face,  of  course  it  will  be  undesirable  to  allow  a  draught  of  air  to  fall  on  the 
patient ;  but  it  is  equally,  or  even  more  important,  that  the  air  should  not  be 
stagnant  about  him.  When  many  are  attacked  in  a  ward,  it  is  always  well  to 
empty  it  as  soon  as  possible,  to  have  the  walls  and  ceilings  washed,  and  to  ventilate  it 
thoroughly. 

It  is  hardly  necessary  in  a  treatise  like  the  present,  to  enter  at  large  upon  the 
various  means  of  internal  treatment  which  have  been  applied  to  the  disease.  The 
general  principles  of  therapeutics,  as  applicable  either  to  simple  inflammation  or  to 
common  or  specific  fevers,  have  of  course  been  brought  to  bear  upon  it.  It  is  clear 
that,  apart  from  the  question  of  the  possibility  of  attacking  the  specific  cause,  no 
general  rule  can  be  laid  down  which  shall  apply  to  a  disease  which  sometimes  creates 
merely  a  transient  febrile  condition,  at  others  sets  in  with  a  violence  almost  equal  to 
that  of  the  plague  ;  which  is  at  one  time  accompanied  by  high  action,  at  another 
prostrates  at  once  the  vital  powers.  Each  case  must  be  treated  to  a  certain  extent 
according  to  the  condition  of  the  patient  and  the  character  of  the  attack. 

There  are  certain  indications  which  should  never  be  neglected-  It  has  been  seen 
that  the  bowels  are  generally  torpid,  though  sometimes  diarrhoea  takes  place.  In 
either  case  the  evacuations  are  unhealthy.  When  there  is  constipation,  and  the 
bowels  have  been  acted  on  by  purgatives,  the  motions  are  usually  pitchy  and  very 
offensive.  When  diarrhoea  is  present,  the  motions,  though  fluid,  have  otherwise  much 
the  same  character,  and  are  dark-coloured  and  offensive.  In  order  to  give  full  effect 
to  any  treatment,  it  is  well  that  these  states  should  be  corrected  •  and  few  cases  occur 
in  which  the  action  of  mercury  in  the  first  instance  is  not  beneficial.  In  the  more 
usual  torpid  state  of  the  bowels,  brisk  purgation  with  calomel  and  jalap  or  scammony, 
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followed  up  if  necessary  by  a  warm  aperient  draught,  so  that  natural  bilious  motions 
may  be  obtained,  will  seldom  fail  to  improve  the  patient's  condition,  and  will  always 
allow  wine  and  tonics  to  be  given  with  greater  advantage.  Even  in  more  advanced 
eases,  when  the  patient  is  in  a  state  of  prostration,  with  a  dry  tongue  and  weak  pulse, 
if  this  point  has  not  been  previously  attended  to,  his  condition  will  be  often  found  to 
improve  under  the  action  of  the  medicine,  though  of  course  wine  and  support  should 
be  given  at  the  same  time  ;  and  where  the  disease  sets  in  with  diarrhoea,  gray  powder 
with  soda  three  or  four  times  a  day  will  generally  be  found  beneficial.  The  same 
medicine  may  be  advantageously  given  when,  after  the  bowels  have  been  acted  on  by 
calomel,  the  motions  still  retain  an  unhealthy  character.  In  the  minor  cases,  saline 
medicines,  with  small  doses  of  sulphate  of  magnesia,  and  in  some  very  slight  ones 
mere  attention  to  diet,  will  be  all  that  is  needed.  Where  the  erysipelas  appears  at 
the  termination  of,  or  associated  with,  other  diseases,  such  as  fever,  or  dropsy  with 
organic  affection  of  the  liver  or  kidney,  active  purgation  will  not  be  well  borne  ;  but 
even  in  such  cases  the  use  of  the  milder  mercurial  preparations  will  often  be  advan- 
tageous, while  support  and  wine  are  allowed  at  the  same  time.  When  the  derange- 
ment of  the  digestive  system  has  been,  as  far  as  may  be,  removed,  quinine,  or  cinchona, 
or  calumba,  will  be  found  useful,  though  before  they  may  have  had  the  effect  of  making 
the  patient  more  feverish. 

With  the  exception  perhaps  of  the  tincture  of  the  sesquichloride  of  iron,  our 
chief  trust  should  be  in  port  wine  or  spirits  and  beef-tea.  The  quantity  of  wine 
which  it  may  be  desirable  to  allow  must  depend  very  much  on  the  previous  habit  of 
the  patient  as  well  as  on  the  character  of  the  symptoms.  The  effects  of  stimulants 
must  be  carefully  watched.  When  they  are  found  to  produce  dryness  and  heat  of 
skin,  with  increase  of  restlessness  or  torpor,  it  is  a  sign  that  they  have  been  carried 
further  than  is  good,  and  a  longer  interval  should  elapse  before  they  are  repeated. 

With  regard  to  the  nourishment,  a  pint  or  two  of  beef-tea,  and  one  or  two  cups 
of  arrow-root  or  sago,  will  in  general  be  all  that  is  required.  The  stomach  is  not  in 
a  state  to  digest  much,  and  care  should  be  taken  not  to  overload  it.  The  sensations 
of  the  patient  are  valuable  guides.  If  there  be  a  loathing  of  food  or  a  tendency  to  sick- 
ness, it  is  of  no  use,  and  will  often  do  much  harm,  to  force  nourishment  upon  him. 
Wine  rarely  disagrees,  and  is  as  rarely  objected  to. 

Towards  the  later  stages  of  the  disease,  if  the  patient  be  found  in  a  state  of  low 
wandering,  with  a  weak  quick  pulse,  a  rough  dry  tongue,  and  a  cold  skin,  good 
bottled  stout  will  be  often  the  best  medicine.  Patients  will  be  often  seen  to  drink 
a  tumbler  or  two  of  it  with  eagerness,  when  they  have  objected  to  other  things,  and 
then  to  fall  into  a  tranquil  sleep;  the  skin  will  become  warm,  and  bedewed  with  a 
comfortable  moisture,  and  the  symptoms  on  their  awakening  will  be  all  ameliorated. 
Instead  of  wine  or  stout,  it  may  be  often  better,  in  any  stage,  to  give  the 
stimulant  to  which  the  patient  has  been  accustomed,  especially  if  he  show  any 
marked  preference  for  it. 

The  value  of  iron  in  the  form  of  a  local  application  (sulphate  of  iron  in  lotion) 
was  first  pointed  out  by  Velpeau  1  in  the  year  1841,  and  that  of  the  internal  use  of 
muriated  tincture  by  Dr.  Hamilton  Bell  in  1851,  and  daily  experience  shows  that  its 
value  has  hardly  been  over-rated  by  Dr.  Bell.  The  rationale  of  its  action  advanced 
by  Dr.  Bell  is  more  questionable. 

The  opinion  given  by  Dr.  Balfour  is  pretty  generally  borne  out  by  the  experience 
of  those  who  have  given  the  medicine  a  fair  trial,  '  that  we  now  possess  a  certain  and 
unfailing  remedy,  whether  the  erysipelas  be  infantile  or  adult,  idiopathic  or  traumatic'  2 

Cases  may  occur  now  and  then  in  which  the  iron  will  appear  to  be  inert.  Indeed, 
cases  will  occasionally  be  met  with  in  which,  although  they  appear  very  favourable 
for  the  use  of  iron,  it  has  no  marked  effect  in  controlling  the  disease,  which  runs 
its  usual  course.  In  some  even  of  these,  however,  the  constitutional  symptoms  seem 
to  bear  no  proportion  to  the  severity  of  the  inflammation.  But  that  given  in 
full  doses  iron  will  do,  in  the  majority  of  cases,  what  no  medicine  of  any  other  class 
has  yet  been  found  to  do,  namely,  cut  short  the  disease,  no  one,  who  has  fairly  tried  it, 
1  Legons  Orales,  p.  .°>07.  2  Mottihly  Joimutl,  1853. 
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will  deny.  Less  than  a  drachm  and  a  half  to  two  drachms  a  day  will  rarely  in 
adults  produce  much  effect.  In  severe  cases,  an  ounce  and  an  half  to  two  ounces  a 
clay  will  often  be  required.  The  evidence  of  its  effects  rests  on  this  :  treated  in  the 
ordinary  way,  erysipelas,  as  a  rule,  runs  a  course  of  from  seven  to  ten  days  at  the 
least ;  treated  by  the  iron,  it  often  subsides  in  from  the  second  to  the  fourth  day. 
Even  when  increased  cerebral  excitement  attends  the  administration  of  the  medicine, 
there  is  no  need  to  discontinue  its  use,  for  it  will  be  found  that  in  general  the  dis- 
turbance will  subside  after  a  short  time,  as  was  pointed  out  by  Dr.  Bell.  It  should, 
however,  be  given  cautiously  so  long  as  the  secretions  of  the  liver  and  bowels  are 
in  the  unhealthy  state  which  almost  always  accompanies  the  early  stages  of  erysipelas. 
In  such  cases  the  free  administration  of  calomel,  followed  by  warm  saline  purgatives, 
is  especially  called  for ;  nor  need  the  advanced  state  of  the  disease,  nor  the  lowness 
of  the  patient,  interfere  with  this  treatment,  if  it  have  not  been  previously  adopted. 
The  quantity  of  the  tincture  which  may  be  required  will  depend  on  the  severity  of 
the  symptoms.  In  advanced  and  serious  cases,  as  much  as  half  a  drachm  may  be 
given  every  hour ;  in  slighter  ones,  fifteen  to  twenty  minims  every  four  hours  will 
suffice. 

Of  the  symptoms  which  arise  in  the  course  of  an  attack  of  erysipelas,  those 
which  belong  to  affections  of  the  nervous  system  are  among  the  most  important. 
They  may  proceed  from  vascular  excitement,  amounting  to  inflammation  of  the 
membranes  of  the  brain,  or  from  congestion,  or  from  the  circulation  of  an  impure 
blood,  or  from  exhaustion  of  the  nervous  system.  Inflammation  is  rarely  present 
unless  as  a  consequence  of  severe  erysipelas  of  the  head.  But  it  must  be  regarded 
as  itself  of  an  erysipelatous  nature,  and  its  treatment  must  therefore  be  based  on  the 
same  general  principles  as  apply  to  the  treatment  of  erysipelas.  It  is  here,  if  any- 
where, that  bleeding  may  be  properly  resorted  to.  The  tendency  to  effusion  makes 
it  highly  important  to  lessen  as  early  as  possible  the  vascular  action.  Should  it  be 
thought  necessary  to  take  blood,  it  should  be  done  early,  and  once  for  all.  But  it 
should  be  done  cautiously,  by  leeches  to  the  temples,  or  by  small  incisions  into  the 
inflamed  pericranium  ;  and  the  bleeding  should  be  arrested  as  soon  as  an  effect  has 
been  produced  on  the  pulse.  Free  purgation,  and  the  use  of  turpentine  enemata,  will 
be  in  most  cases  useful.  And  when  the  liver  and  bowels  have  been  largely  unloaded, 
the  iron  may  be  safely  given,  and  will  act  as  in  other  states  of  the  disease.  Wine, 
too,  may  be  allowed,  but  its  effects  must  be  carefully  watched. 

In  the  other  forms  of  affection  of  the  nervous  system  bleeding  is  never  admis- 
sible. The  general  treatment  which  has  been  recommended  will,  in  most  cases,  be 
all  that  is  required  to  allay  the  nervous  symptoms.  Sometimes,  however,  they 
demand  special  attention.  For  example,  we  not  unfrequently  see  cases  in  which 
the  nervous  excitement  and  restless  wakefulness  are  greatly  in  excess  of  the  general 
symptoms  of  the  erysipelas,  and  tend  to  exhaust  the  patient.  This  has  been  ob- 
served often  in  connection  with  erratic,  and  it  is  said  with  metastatic,  erysipelas. 
In  such  cases  morphia  or  henbane  are  often  of  great  use  ;  but  they  should  be  given 
very  cautiously  if  there  be  evidence  of  the  existence  of  organic  disease  of  the  liver 
or  kidneys.  As  a  general  rule,  indeed,  narcotics  are  not  well  borne  in  erysipelas, 
and  tend  to  cause  a  dry  tongue  and  congestion  of  the  brain.  Under  no  circumstances 
should  they  be  given  until  the  bowels  have  been  freely  relieved.  Camphor,  on  the 
other  hand,  whether  wandering  or  torpor  be  -present,  seems  to  act  favourably  ;  and 
may  be  freely  given  where  nervous  symptoms,  and  especially  those  which  occur  in 
the  later  stages  of  the  disease,  are  marked.  Another  and  a  valuable  remedy  is 
ammonia.  The  cases  to  which  it  seems  most  appropriate  are  those  also  in  which 
nervous  prostration  or  excitement  is  especially  prominent ;  where,  for  example,  the 
inflammation  being  of  the  simple  kind,  the  skin  remains  soft  and  not  burning,  or  is 
perhaps  cold ;  where  the  tongue  is  moist  and  flabby,  and  the  pulse  quick,  large,  and 
weak,  while  there  is  great  restlessness,  or  transient  delirium,  or  nervous  prostration. 
But  where  the  tongue  is  hard,  and  dry,  and  fissured,  and  the  skin  is  hot  and  dry, 
ammonia  does  not  appear  to  me  to  agree  so  well. 

With  regard  to  the  general  treatment  of  diffuse  cellular  inflammation  arising 
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from  injury  or  operation,  with  or  without  the  inoculation  of  a  morbid  poison,  there 
is  now  little  difference  amongst  surgeons.  On  all  hands  the  depleting  treatment  is 
condemned,  and  the  free  and  early  use  of  tonics  and  stimulants  recommended.  Our 
chief  dependence  must  be  on  wine,  spirits,  or  stout,  with  camphor  and  henbane,  or 
perhaps  opium,  to  allay  the  irritable  condition  of  the  nervous  system  and  diminish 
the  pain. 

The  local  treatment  of  simple  erysipelas  and  of  the  early  periods  of  phlegmonous 
erysipelas  must  be  considered  with  reference  to  its  effect  on  the  local  inflammation 
and  on  the  disease  generally.  The  suggestion  of  Hunter,  that  the  inflammation 
contaminates  while  it  spreads,  is  one  which  has  perhaps  not  received  all  the  atten- 
tion which  it  deserves.  The  inflammation  is  the  expression  of  a  diseased  state  of 
the  fluids  ;  of  what  nature,  is  still  a  question.  It  may  be  the  elimination  of  a 
poison,  or  a  result  of  altered  nutrition  or  of  altered  nervous  action.  One  thing  is 
dear,  that  the  products  of  the  inflammation  are  of  a  morbid  nature,  capable  of 
producing  the  disease  in  those  who  are  predisposed  to  it,  and  at  the  part  at  which 
they  are  introduced.  Hence  may  arise  the  disposition,  so  remarkable  in  erysipelas, 
to  spread  from  the  point  flrst  invaded.  But  opposed  to  this  disposition  there  is  the 
tendency  to  elimination  which  exists  in  the  exanthemata,  and  indeed  in  disease 
generally,  if  the  system  be  sustained  in  a  state  of  vigour  sufficient  to  enable  it  to 
throw  off  the  disease.  To  a  certain  extent,  then,  the  local  inflammation  may  be 
regarded  as  reacting  on  the  general  disease,  and  anything  which  would  check  the 
local  action  would  so  far  tend  to  the  removal  of  the  disease  generally  ;  just  as  in 
small-pox  the  severity  of  the  attack  is  greatly  modified  by  rendering  the  pustules 
abortive. 

It  is  only  on  some  such  assumption  that  the  apparently  contradictory  facts  can 
be  reconciled,  viz.  that  the  disease  itself  is  general,  the  inflammation  being  only  its 
external  manifestation,  and  that  the  removal  of  that  external  manifestation  will  aid 
in  curing  the  disease. 

Those  who  advocate  the  germ  theory  of  disease  and  believe  in  the  bacterial 
origin  of  these  spreading  or  '  self-infective  '  inflammations,  of  course  explain  this 
character  of  erysipelas  in  accordance  with  their  theory.  The  question  is  discussed 
in  the  essay  on  Inflammation.  I  ought  here  to  notice  the  treatment  of  erysipelas 
recommended  by  Neudorfer  1  by  the  injection  of  carbolic  lotion  under  the  skin  in 
the  neighbourhood  of  the  part  inflamed.  Neudorfer  recommend.-,  a  2  per  cent, 
solution  propoitioned  in  quantity  and  frequency  to  the  severity  of  the  case.  I  have 
tried  the  plan,  but  cannot  convince  myself  of  its  benefits,  while  the  drawbacks  are 
obvious,  in  the  pain  and  the  risk  of  abscess  and  sloughing.  These,  however,  I  have 
not  found  so  formidable  in  reality  as  in  appearance,  and  I  think  the  plan  deserves 
a  further  trial. 

The  sulphate  of  iron,  either  in  a  lotion  or  ointment,  produces,  as  has  been  said,  a 
decided  effect  on  the  inflammation,  and  tends  to  shorten  the  disease.  In  lotion,  a 
drachm  of  the  salt  to  a  pint  of  water ;  in  ointment,  a  scruple  to  an  ounce  of  lard, 
may  be  used.  Its  effect  is  very  speedy  and  marked ;  the  redness  and  tension  sub- 
siding, and,  if  freely  applied,  the  disposition  to  spread  being  in  some  measure 
checked.  But  it  is  an  inconvenient  remedy,  from  its  soiling  the  linen  with  which  it 
comes  in  contact.  Collodion  freely  painted  on  the  erysipelatous  skin  is  a  favourite 
application  with  some  surgeons,  and  is  believed  to  act  by  astringing  and  unloading 
the  vessels. 

An  application  frequently  used  is  the  nitrate  of  silver,  first  recommended  by 
Mr.  Higginbottom  of  Nottingham.2  His  directions  are  that  'the  affected  part 
should  be  well  washed  with  soap  and  water,  then  with  water  alone,  to  remove  every 
particle  of  soap,  as  the  soap  would  decompose  the  nitrate  of  silver;  then  to  be  wiped 
dry  with  a  soft  towel.  The  concentrated  solution  of  four  scruples  of  the  nitrate  of 
silver  to  four  drachms  of  distilled  water  is  then  to  be  applied  two  or  three  times  on 

1  Aus  der  Chir.  KUnik.f.  Militiirartze.    Wien,  1879,  p.  92. 

2  An  essay  on  the  Use  of.  Nitrate  of  Silver  in  the  Cure  of  Inflammation,  Wounds,  and 
Ulcers- 
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the  inflamed  surface  and  beyond  it,  on  the  healthy  skin,  to  the  extent  of  two  or 
three  inches.'  Care  must  be  taken  that  every  part  be  effectually  touched,  and  if  the 
inflammation  spread  the  application  must  be  repeated.  Another  mode  of  applying 
the  lunar  caustic,  especially  in  erysipelas  of  the  limbs,  is  the  formation  of  a  line  a 
few  inches  above  the  inflamed  part,  completely  surrounding  the  limb,  Care  must 
be  taken  that  no  part  of  the  circle  be  left  untouched.  The  inflammation  will  come 
up  to  this  line,  and  there  in  many  cases  stops  ;  or,  if  the  ring  be  imperfect,  will  in- 
sinuate itself  through  the  opening,  and  then  spread  beyond.  In  a  lai'ge  number  of 
cases  this  treatment  has  appeared  to  me  inoperative,  the  inflammation  passing  the 
line  of  demarcation,  and  sometimes  even  a  second  and  a  third  line.  At  other  times, 
however,  the  inflammation  has  been  arrested.  The  plan  is  so  simple  that  it  might 
be  well  to  adopt  it  in  any  case,  in  conjunction  with  the  collodion,  or  iron,  or  other 
application  to  the  inflamed  part. 

Whatever  the  application  to  the  inflamed  part,  strict  attention  should  be  paid  to 
position.  If  the  inflammation  be  in  the  limbs,  they  should  be  elevated ;  the  leg,  for 
example,  should  be  kept  in  the  position  which  was  formerly  maintained  in  fractured 
patella.  This  alone  will  often  give  marked  relief,  diminishing  action  and  relieving 
congestion. 

There  are  not  many  things  which  are  more  comfortable  to  the  patient  than  a 
thick  layer  of  cotton-wool  placed  over  the  part,  to  which  powder  or  collodion  has 
been  applied.  Generally  it  is  more  soothing  than  fomentations,  and  requires  far  less 
attention  and  exposure.  Fomentations,  however,  when  the  inflammatory  action 
runs  very  high,  are  often  desirable,  and  chamomile  or  hops  will  add  to  their 
efficacy.  Cold  lotions  should  never  be  employed ;  they  may  indeed  check  the  local 
action,  but  with  a  tendency  to  invasion  of  the  disease  in  other  situations. 

The  local  treatment  of  phlegmonous  erysipelas  does  not  differ  in  its  earliest 
stages  from  that  of  the  simple  forms.  The  practice  of  making  incisions  is  one  of 
long  standing ;  and  considering  the  high  vascular  action  and  great  tension  which 
are  present,  is  one  which  it  might  be  supposed  would  naturally  suggest  itself  to  the 
surgeon.  According  to  Velpeau,  they  have  long  been  practised  in  Russia,  and 
amongst  the  peasants  in  Brittany.  Modern  surgery  is  indebted,  however,  to  Dr. 
Copland  Hutchinson  1  for  their  introduction  to  the  notice  of  the  profession.  The 
plan,  which  from  the  year  1814  Dr.  Hutchinson  had  adopted  largely  in  naval 
practice,  consisted  in  making  incisions  of  from  an  inch  to  an  inch  and  a  half  in 
length,  and  two  or  three  inches  apart,  in  a  longitudinal  direction,  through  the 
affected  limb.  Their  depth  varied  according  to  the  nature  of  the  inflammation. 
In  general  they  reached  the  fascia,  but  extended  through  it  when  the  inflammation 
extended  to  the  deeper  tissues.  From  fifteen  to  twenty  ounces  of  blood  were  usually 
lost  from  the  overloaded  vessels.  The  haemorrhage  was  controlled  as  far  as  is 
possible ;  a  little  pressure,  with  attention  to  position,  generally  effected  this ;  the 
limb  was  then  fomented.  The  obvious  effect  of  these  incisions  is  to  I'elieve  the 
tension  of  the  skin,  to  allow  of  the  escape  of  the  accumulated  serum  and  pus  where 
it  is  formed,  and  hence  to  diminish  the  risk  of  sloughing  of  the  cellular  tissue,  and 
of  extension  of  the  suppuration.  As  phlegmonous  erysipelas  will  often,  under  proper 
treatment,  end  in  resolution,  it  is  not  necessary  to  resort  at  once  to  incisions ;  but 
when  the  skin  is  becoming  brawny,  and  it  is  clear  that  suppuration  is  threatened, 
they  should  be  made  at  once.  Still  more  important  is  it  to  have  recourse  to  them, 
when  that  softening  occurs  which  has  been  before  described  as  indicating  that  the 
cellular  tissue  has  fallen  into  suppuration.  Instead  of  these  small  incisions,  Sir  W. 
Lawrence  recommended  one  long  incision  extending  longitudinally  through  the 
whole  length  of  the  inflamed  part,  and  thus  at  times  reaching  from  one  end  of  a 
limb  to  the  other.  This  plan  is  now,  however,  universally  abandoned  ;  the  amount 
of  haemorrhage  was  in  some  cases  so  great  as  to  prove  fatal.  Nor  is  the  relief 
afforded  to  the  congested  tissues  greater  than  when  the  safer  and  milder  treatment 
by  multiple  incision  is  adopted. 

The  practice  of  scarification,  recommended  by  many  of  the  older  surgeons,  was 

1  Med.-Chir.  Trans,  vol.  v. 
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again  brought  into  notice  by  Sir  Richard  Dobson,1  who  used  it  in  all  forms  of 
erysipelas.  Such  treatment,  however,  is  equally  painful  and  less  efficacious  than 
that  by  incisions  of  moderate  length. 

When  the  boggy  feel  in  the  part  indicates  that  suppuration  has  advanced  to 
destruction  of  tissue,  incisions  must  be  freely  made,  and  collections  of  matter  must 
be  at  once  let  out.  The  suppuration  will  be  abundant,  and  the  dressings  must  be 
often  changed  and  the  parts  cleansed.  The  matter  is  always  more  or  less  putrid, 
and  it  is  extremely  useful  to  syringe  out  the  subcutaneous  tissue  with  solutions  of 
carbolic  acid  or  Condy's  fluid,  or  hyposulphite  of  soda,  or  with  even  the  undiluted 
solution  of  sulphurous  acid.  I  prefer  the  hyposulphite,  using  a  solution  of  from 
twenty  to  tliirty  grains  to  the  ounce.  The  parts  should  be  washed  out  each  time  of 
dressing.  If  the  discharge  be  very  offensive,  a  solution  of  chloride  of  zinc  (fifteen 
grains  to  the  ounce)  will  be  found  more  efficient  than  any  of  the  above.  Shreds 
and  flakes  of  sloughy  membrane  should  be  gently  drawn  away,  and  it  will  save  time 
if  the  skin,  which  is  thinned  and  blue,  and  evidently  unfit  to  take  on  healthy  action, 
is  at  once  removed;  but  every  point  of  skin  or  subcutaneous  tissue  which  retains 
its  proper  vitality  should  be  carefully  husbanded. 

It  is  better  to  avoid  poulticing,  which  tends  to  keep  up  a  profuse  suppuration. 
The  part  shoidd  be  supported  with  perforated  lint  or  linen,  outside  which  should 
be  a  layer  of  cotton-wool,  and  the  whole  surrounded  with  a  bandage.  When  the 
action  of  the  part  begins  to  flag,  stimulant  washes  may  be  used,  or  the  lint  covered 
with  the  basilicon  ointment.  Where  the  granulating  surface  is  veiy  extensive,  the 
cicatrisation  will  go  on  well  to  a  certain  point,  and  then  the  process  may  become 
ai'rested,  and  the  modes  of  treatment  required  in  indolent  ulcers  must  be  put  in 
force.    It  is  well  to  protect  the  edges  with  collodion  and  oil. 

The  patient's  strength  must  be  freely  supported,  and  everything  done  which  will 
tend  to  the  improvement  of  his  general  health. 

Generally,  then,  it  may  be  stated,  that  in  early  stages  of  phlegmonous  erysipelas, 
in  the  course  of  the  first  two  or  three  days,  attempts  may  be  made  to  arrest  the 
course  of  the  inflammation  by  the  means  which  are  found  most  effective  in  the 
simple  forms.  Should  these  not  be  found  of  any  avail  in  checking  it,  incisions 
should  be  at  once  resorted  to  freely  and  decisively  ;  and  they  should  be  resorted  to 
afterwards  wherever  it  may  be  found  that  pus  is  lodged,  or  that  the  cellular  tissue 
has  been  destroyed  in  parts  removed  from  the  neighbourhood  of  those  previously 
made. 

The  treatment  of  diffuse  cellular  inflammation  is  much  the  same  as  that  of 
phlegmonous  erysipelas,  but  it  nmst  be  more  prompt.  The  chances  of  resolution 
are  far  less,  and  we  have  no  guide  in  the  skin  as  to  the  state  of  the  parts  beneath. 
It  is  well,  so  soon  as  there  is  evidence  that  the  disease  exists,  to  make  incisions  at 
once  ;  but  of  course  hemorrhage  must  be  carefully  checked.  The  after-treatment 
must  be  the  same  as  in  the  phlegmonous  form.  Care  must  be  taken  that,  while  the 
dead  tissue  has  free  exit,  those  parts  in  which  vitahty  still  remains  are  carefully 
preserved.  Perforated  lint  spread  with  basihcon  ointment  should  then  be  laid  over 
the  limb,  and  surrounded  and  supported  by  cotton-wool  and  bandage,  which  must 
be  changed  as  often  as  the  amount  of  suppuration  calls  for  it. 

Campbell  De  Morgan,  1870. 
T.  Holmes,  1882. 
1  Med.-Chir.  Trans,  vol.  xiv. 
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THE  subject  of  which  this  article  treats  is  one  which  has  for  a  long  time  engrossed 
the  attention  of  experimental  pathologists.  Much  new  light  has  been  thrown 
upon  these  diseases  by  experiments  on  animals,  by  new  methods  of  cultivating  patho- 
genic bacteria,  and  by  new  methods  of  microscopical  examination.  Koch's  recent 
investigations  will  require  confirmation  before  they  are  fully  accepted  as  proved. 
But  they  open  up  a  wide  field  of  research  in  human  pathology,  which  will,  if  con- 
firmed, render  many  points  clear  which  were  before  veiled  in  obscurity. 

Pycemia  and  Septicaemia  are  generally  spoken  of  in  our  surgical  text-books  as 
manifestations  of  the  self-same  poison.  They  are  undoubtedly  both  due  to  the  absorp- 
tion of  the  products  of  putrefaction  ;  but  there  is  no  reason  why  putrefaction  should 
not  be  associated  with  more  than  one  poison,  and  followed  consequently  by  different 
diseases.  In  fact,  everything  points  to  the  conclusion  that  several  diseases  totally 
different  in  all  their  phenomena  owe  their  origin  to  this  absorption.  Is  there  not 
then  presumptive  evidence  that  there  is  some  essential  difference  in  the  material 
which  is  absorbed  in  these  different  septic  diseases  1 

Those  who  look  upon  them  as  the  same  disease  believe  that  they  differ  only  from 
one  another  in  degree  or  in  the  effects  produced  in  different  conditions.  They  look 
upon  the  presence  or  absence  of  local  centres  of  inflammation  as  accidental  complica- 
tions, and  assert  that  septicaemia  being  more  acute  terminates  before  there  has  been 
time  for  the  formation  of  secondary  centres  of  suppuration.  It  will  be  sufficient  for 
our  purpose  if  we  adhere  to  this  distinction  between  septicaemia  and  pyaemia  :  in  the 
latter  we  should  expect  to  find  secondary  inflammatory  centres,  in  the  former  none. 

I  shall  first  then  attempt  to  describe  these  two  diseases,  which  will  be  called  sep- 
ticaemia and  pyaemia,  in  the  human  subject,  and  then  proceed  to  discuss  at  somewhat 
greater  length  the  views  of  modern  experimental  pathologists,  the  results  they  have 
obtained,  and  the  conclusions  they  have  drawn  in  searching  for  the  ultimate  cause  of 
these  processes  in  the  animal  world. 

That  the  symptoms  of  the  two  diseases  are  at  times  combined  and  coincident  there 
is  no  reasonable  doubt,  but  there  is  nothing,  so  far  as  we  are  able  to  see,  to  prevent 
them  from  both  being  present  in  the  same  patient  at  the  same  time.  And  indeed 
one  would  expect,  if  it  be  the  case  that  they  are  separate,  that  septicaemia  and 
pyaemia  would  be  oftentimes  coincident,  inasmuch  as  the  presence  of  an  external 
wound  is  a  common  predisposing  cause.  The  strongest  arguments  for  the  separa- 
tion of  septicaemia  from  pyaemia  are  derived  from  experiments  on  animals,  which  will, 
when  subsequently  discussed,  I  hope  throw  some  light  upon  this  difficult  point. 

Predisposing  causes  of  Septicaemia  and  Pyazmia. — From  the  report  of  the  Com- 
mittee 1  appointed  by  the  Pathological  Society  to  investigate  the  nature  and  cause  of 
pyaemia  and  septicaemia  occurring  during  the  ten  years  from  1869  to  1878  inclusive 
in  the  large  metropolitan  hospitals,  it  seems  that  no  period  of  life  is  exempt  from 
these  diseases,  but  the  greatest  number  of  cases  occurred  between  the  ages  of  30 
and  40,  and  then  between  40  and  50,  the  number  being  80  and  60  respectively  out  of 
a  total  of  321.  This  is  undoubtedly  accounted  for  by  the  greater  liability  to  accident 
at  these  ages ;  and  this  view  is  also  borne  out  by  the  gradual  diminution  of  the 
number  of  cases  in  each  decade  on  either  side  of  middle  life.  Out  of  these  same  321 
cases,  252  were  males  and  69  females,  but  puerperal  and  ovarian  cases  were  excluded. 
1  Trans.  Path.  Soc.  Lond.  vol.  xxx.  187!). 
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The  accompanying  table  is  copied  from  the  same  report,  with  the  addition  of  the 
two  last  years.  It  gives  a  return  of  the  deaths  from  pyaemia  and  septicaemia  originat- 
ing in  the  surgical  wards  of  eight  large  London  hospitals  during  the  last  twelve 
years. 


HosrrrAi. 

186!) 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1S80 

St.  Bartholomew's  . 

10 

9 

10 

8 

4 

8 

9 

8 

3 

9 

12 

12 

St.  George's  . 
Guy's 

11 

15 

11 

7 

11 

8' 

8 

5 

5 

4 

6 

4 

21 

23 

28 

19 

29 

30 

38 

26 

23 

13 

3 

5 

London   

10 

7 

17 

22 

19 

29 

27 

16 

21 

12 

6 

6 

Middlesex 

4 

6 

10 

7 

8 

9 

3 

5 

5 

1 

2 

0 

Seamen's  . 

4 

5 

9 

8 

5 

10 

7 

6 

4 

2 

4 

1 

St.  Thomas's  . 

4 

4 

7 

19- 

16 

13 

16 

12 

22 

12 

6 

0 

Universit}' 

3 

3 

12 

8 

7 

18 

11 

10 

5 

14 

10 

14 

Totals  . 

64 

69 

104 

OS 

99 

125 

119 

88 

88 

67 

49 

42 

'  Hospital  closed  for  three  month?,  from  June  to  September.  -  First  year  in  new  buildings. 

*  Keturas  not  given. 


In  the  two  years  1879,  1880,  added  on  to  the  original  table,  the  diminution  in 
the  number  of  these  cases  is  very  marked.  The  advocates  of  the  antiseptic  method 
would  no  doubt  attribute  the  improvement  to  the  more  general  use  of  this  system 
during  the  last  two  or  three  years.  A  much  longer  experience  will  be  required  to 
make  a  comparison  with  the  preceding  ten  of  any  real  value.  The  difficulty  also  in 
obtaining  any  further  information  than  the  mere  figures,  which  are  always  misleading, 
renders  the  conclusion  of  much  less  value  than  is  ordinarily  supposed. 

It  appears  that  in  the  years  in  which  the  mortality  was  high,  for  all  diseases 
throughout  the  kingdom,  there  was  a  corresponding  increase  of  the  mortality  from 
pyaemia.  '  The  deaths  registered  in  England  from  diphtheria,  erysipelas,  and  puer- 
peral fever,  to  every  100,000  persons  living,  were  exceptionally  high  in  1874  and 
1875.'  And  these  are  the  very  years  in  which  the  highest  mortality  is  recorded  in 
the  London  hospitals  from  pyaemia  and  septicaemia.  The  average  mortality  taken 
from  eight  London  hospitals  for  the  decennium  1869-1878  amounted  in  each  year 
to  921.  But  in  1874  it  was  125  and  in  1875  it  was  119.  We  find  also  the  same 
corresponding  relation  in  the  years  in  which  there  is  a  low  mortality  l'ecorded  by  the 
Registrar- General.  By  the  able  members  of  this  committee,  an  attempt  is  made  to 
refer  this  high  mortality  to  the  atmospheric  vicissitudes  of  the  two  years  1874,  1875. 
One  year  was  characterised  by  a  great  deficiency  of  rainfall  and  the  next  by  an  exces- 
sive rainfall.  In  both  the  temperature  was  exceedingly  variable.  It  is  also  seen 
by  Tabic  III.  of  the  same  report  (Path.  Soc.  Trans,  vol.  xxx.  p.  5)  that  the  monthly 
death-rate  from  pyaemia  and  septicaemia  at  tlu-ee  London  hospitals  during  the  decen- 
nial period  1869-1878  was  higher  during  the  months  of  February  and  March  than 
at  any  other  time  of  the  year;  the  average  monthly  mortality  standing  at  28*5, 
whilst  for  the  month  of  February  and  March  it  reaches  51  and  40  respectively. 
These  two  months  in  our  climate  are  also  frecpaently  attended  with  great  fluctuations 
of  temperature  and  a  variable  rainfall.  It  is  possible  that  these  conditions  may  in 
some  unknown  way  affect  the  development  of  pyaemia.  But  till  more  information 
on  the  point  is  forthcoming  and  a  larger  number  of  statistics  available,  no  definite  con- 
clusion can  be  drawn  as  to  how  far  the  development  of  pyaemia  may  be  influenced 
by  such  external  circumstances,  which  must  always  affect  the  sanitary  condition  of 
large  cities. 

Nearlv  allied  to  this  doubtful  point  is  another  over  which  much  misconception 
has  arisen.  It  had  been  asserted  by  some  that  '  acute  pyaemia  was  essentially  a 
hospital  disease,'  but  in  the  discussion  which  took  place  at  the  Clinical  Society  in  the 
early  part  of  1874,  a  large  number  of  surgeons  stated  that  it  was  in  their  opinion 
as  common  in  private  as  in  hospital  practice  and  that  pysemia  occurred  sometimes  after 
the  most  trivial  operations,  under  circumstances  in  which  it  would  ordinarily  be 
thought  little  likely  to  occur,  i.e.  under  the  best  hygienic  conditions.    Mr.  Prescott 
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Hewett  and  Sir  James  Paget  were  foremost  amongst  those  who  advocated  this  view , 
alluding  to  cases,  within  their  own  experience,  that  had  arisen  in  private  practice 
and  had  well-marked  symptoms  of  the  disease  before  they  were  themselves  called  in 
consultation  for  their  opinion.  Sir  James  Paget  thus  expresses  his  conviction  : — '  I 
therefore  come  to  the  very  clear  conclusion  that  there  is  really  nothing,  I  will  not 
say  in  any  hospital,  but  nothing  in  a  fairly  well  managed  hospital,  which,  contributes 
to  the  production  of  pyaemia.'  Such  an  opinion,  openly  expressed  by  many  surgeons 
at  a  meeting  of  the  Clinical  Society,  went  far  to  dispel  a  belief  which  at  that  time  was 
gaining  ground,  that  there  was  some  injurious  influence  in  a  hospital  which 
militated  against  success  after  operation. 

Although  an  opinion  is  here  expressed  with  regard  to  our  large  well-conducted 
metropolitan  hospitals  from  which  the  comparison  with  private  practice  was  drawn, 
it  does  not  in  any  way  refer  to  those  hospitals  where  patients  have  been  massed 
together  in  the  worst  hygienic  conditions,  such  as  in  some  of  the  continental 
hospitals,  or  to  the  accommodation  provided  for  the  wounded  in  time  of  war. 

In  military  practice  pyaemia  has  often  been  most  fearfully  prevalent,  the  mor- 
tality from  this  disease  alone  being  so  high  as  to  deter  the  boldest  surgeon  from  any 
operations  but  those  of  direct  necessity.  And  it  has  been  the  experience  of  surgeons 
both  in  the  Crimean  and  Franco-German  wars,  that  the  amount  of  pyaemia  was 
directly  proportional  to  the  number  of  cases  in  a  given  space  and  the  severity  of 
those  cases.  We  must  therefore  allow  that  there  are  very  grave  predisposing  causes 
for  the  production  of  pyaemia  in  hospitals  overcrowded  with  suppurating  wounds  ; 
but  that,  with  special  care  and  cleanliness,  no  such  cause  need  militate  against  our 
cases  in  civil  hospital  practice. 

Extreme  mental  depression  has  also  been  thought  to  predispose  to  the  occur- 
rence of  pyaemia  ;  in  the  Franco-German  war  pyaemia  was  more  prevalent  in  the 
French  than  in  the  German  hospitals.  The  want  of  morale  and  despondency  was 
much  commented  on  by  M.  Gosselin,  and  he  is  described  as  having  taken  the 
greatest  trouble  to  raise  the  confidence  of  his  men,  believing  strongly  that  their 
condition  of  extreme  mental  depression  from  want  of  success  much  predisposed  them 
to  the  occurrence  of  pyaemia. 

In  the  same  war  Dr.  Gordon,  who  was  sent  to  the  French  army  as  medical  com- 
missioner by  the  War  Office,  states  that  the  success  with  which  the  wounded  were 
treated  after  the  first  battle  round  Paris  was  remarkable  ;  but  after  the  last  battle  the 
mortality  was  so  great  that  it  seemed  as  if  almost  every  person  who  had  a  severe 
injury  died.  Again,  during  the  war  in  the  Crimea,  Mounier  states  that  no  pyaemia 
was  noted  among  the  first  two  thousand  amputations,  whilst  afterwards  it  became  of 
quite  ordinary  occurrence,  associated  with  gangrene,  scurvy,  and  typhoid  fever.  It 
is  obvious  that  many  causes  would  combine  to  produce  such  a  result.  The  length 
of  time  that  the  wounded  must  be  left  unattended  increases  as  the  war  is  protracted, 
consequently  they  have  frequently  lost  large  quantities  of  blood,  and  the  wound  is 
already  putrefying  before  any  dressing  can  be  applied  ;  there  must  necessarily  also  be 
much  greater  physical  exhaustion  from  the  privations  and  hardships  they  have  had  to 
endure  toward  the  end  of  a  campaign,  and,  above  all,  if  there  be  any  truth  in  the 
alleged  infective  nature  of  pyaemia,  cases  woidd  necessarily  multiply  as  the  war  is 
prolonged  and  the  number  of  wounded  increases. 

It  was  formerly  considered  essential  for  the  production  of  pyaemia  that  the 
patient  should  have  a  wound ;  in  fact,  that  there  should  be  some  breach  of  surface,  no 
matter  how  slight,  for  the  poison  to  be  absorbed.  Although  the  cases  in  which  no 
such  predisposing  cause  exists  are  exceedingly  rare,  and  form  a  very  small  proportion 
indeed  of  the  total  number,  yet  it  is  an  undoubted  fact  that  cases  indistinguishable 
from  pyaemia  do  occur  in  which  no  such  lesion  as  a  breach  of  surface  can  be 
discovered  by  the  most  careful  examination.  Various  theories  have  been  advanced 
to  account  for  these  cases  of  idiopathic  pyaemia,  as  they  are  called — e.g.  from  gonor- 
rhoea, acute  necrosis,  ulcerative  endocarditis;  but  none  seem  very  satisfactory. 
Some  believe  that  in  these  cases  the  poison  floating  in  the  air  gains  entrance  to  the 
blood  through  the  lungs ;  others,  that  there  is  a  special  condition  of  the  blood  or 
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constitution  previously  existing  which,  without  any  poison  at  all,  is  capable,  under 
certain  ill-defined  conditions,  of  producing  pyaemia. 

Finally,  as  regards  those  wounds  which  certainly  are  previously  existing  in  a 
very  large  proportion  indeed  of  pyaemic  cases,  it  has  been  found  that  pyaemia  is 
much  more  likely  to  follow  injuries  and  operations  in  certain  parts  and  structures  of 
the  body.  Bones  and  veins  have,  from  time  immemorial,  been  regarded  with  great 
respect.  When  a  wound  has  been  inflicted  in  such  structures,  either  by  the  surgeon's 
knife  or  by  accident,  especially  if  it  involve  a  prolonged  and  thorough  exposure  to  the 
air,  such  cases  are  known  for  a  certainty  to  be  especially  prone  to  the  occurrence 
of  pyaemia. 

Pueiperal  fever,  which  in-  many  cases  would  come  under  the  denomination  of 
septicaemia,  is  an  example  of  injury  to  a  very  vascular  and  spongy  structure  in  which 
large  venous  sinuses  are  opened  up,  and  instances  of  direct  contagion  by  the  hands  of 
the  midwife  could  be  largely  quoted.  The  exposure  of  a  large  serous  surface,  such  as 
the  peritoneal  cavity,  was  till  lately  greatly  dreaded,  for  fear  of  septic  peritonitis. 
Joints  also,  after  wounds  and  large  surgical  incisions,  were  specially  prone  to  suppu- 
rate, and  from  such  a  suppurating  cavity  it  was  well  known  septicaemia  and  pyaemia 
were  likely  to  arise.  These  then  were  the  class  of  cases  in  which  it  was  most  likely 
to  occur ;  at  the  same  time  it  might  arise  in  the  most  trivial  and  unimportant  injury 
or  operation,  in  the  most  unexpected  manner  and  in  the  most  healthy  subject. 

Symptoms. — The  following  description  was  written  by  the  late  Mr.  Callender  for 
the  last  edition  of  this  work,  and  is  a  faithful  and  accurate  description  of  what  I 
think  should  be  called  Septicaemia. 

'  Within  twenty-four  hours,  in  acute  cases,  there  are  rigors,  vertigo,  and  general 
uneasiness.  Then  follow  heat,  perspiration,  and  increased  rapidity  of  pulse.  The 
seat  of  inoculation  is  dusky,  indurated,  often  pustular,  or  if  it  had  been  before 
secreting  pus  the  discharge  ceases.  Radiating  from  this  centre,  the  integument  is 
distending  with  a  serous  effusion,  presently  to  be  mingled  with  thin  sanious  pus. 
The  swelling,  generally  somewhat  elastic,  is  hard  and  tense  over  enlarging  and 
painful  glands.  The  blood  deranging  the  heart's  action,  is  circulated  violently  and 
rapidly  through  the  system  ;  exuding  from  its  vessels,  as  in  purpura,  it  stains  the 
surrounding  tissues,  forms  ecchymoses  in  internal  organs,  or  is  poured  out  upon 
mucous  surfaces,  and  is  then  chiefly  removed  with  purging  or  vomiting.  In  another 
twenty-four  hours,  the  patient — flushed,  anxious,  restless,  even  delirious — is  in  a 
hopeless  condition,  with  prostration  and  rapid  sinking.' 

Such  a  case  as  this  is  most  frequently  seen  either  a  short  time  after  the  admission 
of  a  patient  into  the  hospital  with  a  severe  lacerated  wound,  in  which,  from  the 
position  of  the  wound  and  want  of  drainage,  absorption  of  the  products  of  putrefac- 
tion takes  place,  and  the  patient  dies  with  the  above  symptoms  ;  or  a  large  granulat- 
ing wound  at  almost  any  time  during  the  convalescence  of  the  patient,  if  disturbed  by 
the  surgeon  for  some  necessary  purpose,  such  as  the  removal  of  a  sequestrum,  may 
from  that  time  indicate  by  its  changed  condition  the  outset  of  symptoms,  such  as 
the  above,  and  the  patient  rapidly  dies ;  or  again  it  may  be  seen  after  the  removal  of 
a  putrefying  cyst  from  the  abdominal  cavity.  The  rigors  occurring  most  frequently 
at  the  outset  of  the  symptoms  may  or  may  not  be  repeated.  That  they  do  not 
themselves  indicate  the  occurrence  of  secondary  centres  of  inflammation  is  demon- 
strated by  cases  in  which  several  rigors  have  occurred  during  the  pi-ogress  of  the 
disease,  and  yet  no  such  secondary  inflammatory  centres  have  been  found  post- 
mortem. This  has  also  been  again  recently  proved  by  the  report  before  alluded  to 
in  Pathological  Transactions,  vol.  xxx.  p.  21,  and  here  it  is  also  shown  that  a  case 
of '  blood-poisoning '  may  live  for  two  or  three  weeks,  and  yet  at  the  post-mortem 
examination  no  evidence  of  secondary  centres  of  inflammation  be  present,  proving 
the  incorrectness  of  the  assertion  that  cases  of  so-called  septicaemia  would,  if  they 
lived  long  enough,  show  the  same  secondary  inflammatory  centres  as  pyaemia.  No 
doubt  rigors  when  repeated  indicate  recurrent  absorption,  and  where  means  can  be 
adopted  to  prevent  this,  every  effort  should  be  made  to  procure  such  a  result. 
For  it  seems  more  than  probable  that  many,  if  not  all,  of  these  rapidly  occurring 
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forms  of  septicaemia  are  what  the  experimentalists  call  septic  intoxication.  To  this, 
however,  we  shall  refer  again  later  on.  Should  a  patient  survive  the  onset  of  such 
an  attack,  the  symptoms  that  subsequently  make  their  appearance  more  nearly 
resemble  the  ordinary  form  of  pyaemia,  and  thus  little  or  no  distinction  has  been 
drawn  between  these  two  diseases.  In  fact,  the  distinction  after  the  first  onset  in 
the  clinical  aspect  of  these  two  forms  of  so-called  blood-poisoning  is  so  ill  marked 
as  to  present  almost  insuperable  difiiculties.  Clinically,  then,  it  is  not  often  that 
we  are  able  to  distinguish  between  the  two  so  as  to  say  definitely  this  is  septicaemia ; 
and  we  find  Mr.  Savory  speaking  at  the  Clinical  Society,  in  a  discussion  on  pyaemia 
{British  Med.  Journ.  Feb.  1874,  p.  239)  in  favour  of  their  identity,  thus  : — '  Why  I 
regard  these  two  diseases  or  forms  of  disease  as  simply  different  degrees  of  one  and  the 
same  disease  is,  because  you  over  and  over  again  find  instances  in  which  the  one 
passes  into  the  other.' 

But  the  symptoms  of  a  well-niarked  case  of  pyaemia  are  sufficiently  characteristic. 
The  onset  or  invasion  is  generally  pretty  clearly  indicated  by  a  decided  rigor, 
followed  by  the  most  profuse  sweating.  These  rigors  and  succeeding  sweats  follow 
one  another  with  an  uncertain  rapidity.  Sometimes  the  patient  has  two  or  three 
in  one  day,  and  again  some  days  pass  by  without  any  rigor.  They  are  always 
accompanied  by  a  high  temperature  which  often  reaches  105°,  or  even  107° 
Fahrenheit,  and  then  as  the  patient's  skin  becomes  moist  the  temperature  falls 
almost  to  normal  or  subnormal,  whilst  all  his  bedclothes  become  soaked  with 
perspiration.  The  duration  of  one  of  these  rigors  varies  from  five  to  thirty  minutes. 
Within  half-an-hour  of  the  highest  recorded  temperature  it  may  have  again 
almost  reached  the  normal  standard,  and  then  rapidly  begin  to  rise  again  to  the 
ordinary  high  febrile  temperature  of  the  disease.  The  patient's  expression  is  one  of 
extreme  anxiety  and  depression ;  the  breathing  becomes  hurried  and  gasping,  or 
sighing ;  the  pulse  extremely  rapid  and  feeble,  so  as  almost  at  times  to  be  imperceptible. 
The  breath,  too,  has  often  a  sickly  mawkish  odour,  and  has  been  thought  to  resemble 
the  smell  of  sweet  beer.  The  skin,  at  first  pale  and  sallow,  often  becomes  decidedly 
jaundiced.  The  tongue  acquires  an  unnaturally  red,  raw,  and  glazed  appearance  at 
the  tip  and  edges,  whilst  the  centre  assumes  a  thick,  dry,  brown,  hard  fur.  These 
general  symptoms  vary  in  intensity  from  day  to  day,  with  delirious  and  sleepless 
nights  ;  the  patient  often  apparently  rallying  one  day  to  be  again  at  death's  door  on 
the  next.  Coincidently  with  or  generally  before  the  onset  of  these  symptoms  the 
wound  has  given  distinct  indication  of  some  change  having  occurred.  The  discharge 
becomes  thin  and  watery,  or  sanguineous  and  probably  offensive.  Whatever  healing 
process  has  recently  been  accomplished  breaks  down.  Small  superficial  sloughs 
make  their  appearance,  and  the  surrounding  parts  either  appear  weak  and  flabby 
without  any  inflammatory  reaction,  or  dusky  red  and  swollen. 

Various  local  symptoms  may  supervene  and  complications  arise  to  hasten  the 
progress  of  the  disease.  Vomiting  rarely  occurs,  but  diarrhoea  with  offensive  stools 
may  greatly  annoy  the  patient.  But,  of  all  the  complications,  that  which  is  most 
characteristic  of  pyaemia  is  the  presence  of  abscesses  in  parts  unconnected  with  the 
original  lesion.  These  abscesses  for  the  most  part  occur  insidiously;  the  joints 
especially  seem  to  fill  with  pus  without  any  expression  of  pain  on  the  part  of  the 
patient,  and,  unless  the  body  arid  limbs  be  carefully  examined  from  day  to  day,  many 
of  these  local  centres  of  suppuration  will  go  on  unobserved  till  the  post-mortem 
examination  reveals  their  presence.  It  has  sometimes  been  stated  that  the  sterno- 
clavicular joint  is  the  one  most  frequently  affected,  but  I  do  not  think  post-mortem 
records  bear  this  out,  and  the  mistake  has  no  doubt  arisen  from  the  fact  that  the 
sterno-clavicular  articulation  is  quite  superficial  and  easily  observed  without  dis- 
turbing the  patient,  whilst  other  joints  have  to  be  looked  for,  so  to  speak,  in  order  to 
be  examined.  At  any  rate,  it  is  a  well-ascertained  fact  that  many  joints  are  found 
full  of  pus  at  the  post-mortem  examination  which  were  not  even  suspected  during 
life.  Abscesses  in  the  soft  parts  occur  in  the  same  way,  but  perhaps  are  rather 
more  frequent  at  the  points  of  pressure  than  elsewhere.  Of  the  complications  which 
arise  internally  more  will  be  said  in  describing  the  post-mortem  appearances  ■  for 
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during  life  little  information  is  usually  obtained  as  to  the  condition  of  the  organs. 
Pleuritic  friction  over  the  chest,  with  moist  breath  sounds,  would  probably  indicate  the 
lungs  as  the  seat  of  secondary  inflammatory  centres.  Jaundice  is,  however,  by  no 
means  coincident  with  the  same  condition  in  the  liver,  but  is  thought  by  many  to  be 
due  to  an  alteration  in  the  blood. 

Pain  and  tenderness  over  the  liver  or  spleen  is  sometimes  present,  but  the  absence 
of  these  symptoms  would  not  in  the  least  induce  one  to  believe  that  these  organs 
were  free  from  the  usual  complications.  Pericarditis  and  peritonitis  are  sometimes 
discovered  during  life  by  the  usual  signs.  We  occasionally  see  a  case,  and  then 
generally  in  the  medical  ward  of  a  hospital,  in  which  there  has  been  some  difficulty 
at  the  onset  in  distinguishing  the  symptoms  from  those  of  rheumatic  fever.  These 
cases  are  often  called  chronic  pyaemia  and  are  known  occasionally  to  recover.  The 
rigors  are  not  often  repeated,  if  at  all,  after  the  onset  of  the  disease,  or  indeed  there 
may  be  no  initial  rigor  to  denote  the  exact  period  of  the  attack.  Abscesses  slowly 
appear  at  different  parts  of  the  body,  especially  in  the  joints,  which,  strange  to  say, 
have  been  known  to  recover  their  normal  condition  during  the  convalescence  of  the 
patient.  But  these  cases,  I  need  hardly  say,  are  exceedingly  rare,  and  it  is  of  course 
doubtful  whether  they  are  really  cases  of  true  pyaemia. 

Post-mortem  appearances. — It  is  here  that  pathologists  attempt  to  build  up  a 
distinction  between  these  two  diseases  by  the  presence  or  absence  of  secondary  centres 
of  inflammation,  suppuration,  or  gangrene;  and  yet  one  would  hazard  the  opinion 
that  with  more  extended  experience  this  cannot  be  the  only  point  of  departure 
between  septicaemia  and  pyaemia,  if  there  be  any  difference  at  all.  Such  secondary 
centres  must  almost  necessarily,  if  the  theory  of  embolism  is  to  be  accepted,  be  more  or 
less  in  the  nature  of  an  accidental  occurrence  ;  and  few  would  doubt  the  arguments 
which  have  been  produced  in  favour  of  our  present  views  of  embolism.  That  the 
cases  in  which  such  embolism  occurs  are  also  especially  favourable  for  the  occurrence 
of  septic  infection  there  can  be  no  question ;  for,  if  a  vein  be  implicated  in  the  injury, 
and  putrefaction  occur,  it  is  at  one  and  the  same  time  a  favourable  source  for  suppura- 
tive thrombosis,  with  consecutive  embolism  of  the  pyaemic  variety,  and  for  the  systemic 
infection  here  alluded  to  under  the  term  pyaemia,  as  such  a  vein  forms  a  ready 
means  for  the  rapid  absorption  of  any  poison  generated  in  the  products  of  putrefaction. 
And  few  severe  injuries  are  there  without  some  veins  of  at  any  rate  medium  calibre, 
being  implicated  in  the  mischief :  the  bones,  too,  are  especially  well  provided  with 
the  necessary  means  of  transit  for  such  emboli.  Thus,  then,  the  presence  of  these 
secondary  centres  seems  more  the  accidental  accompaniment  of  some  truly  infective 
disease  than  itself  the  actual  cause  of  death. 

In  septicaemia  we  generally  find  the  most  rapid  decomposition  to  have  taken  place, 
even  in  the  coldest  weather ;  the  tissues  become  enormously  swollen  and  distended  with 
gas,  much  more  so  than  would  ordinarily  be  found  in  hot  weather,  after  a  long  interval 
between  death  and  examination.  Post-mortem  staining  and  an  unnatural  fluidity 
of  the  blood  is  a  constant  accompaniment  of  this  condition.  The  spleen  is  large,  soft, 
and  pulpy.  Haemorrhagic  patches  of  various  sizes  are  frequently  found  in  the 
subserous  and  submucous  tissues.  All  parts  of  the  body  are  found  to  swarm  im- 
mediately after  death  with  the  ordinary  putrefactive  forms  of  bacteria.  In  such 
cases  no  metastatic  abscesses  or  infarcts  are  found. 

The  most  characteristic  lesions  in  true  pyaemia  are,  as  Dr.  Bristowe  says,  'the 
local  congestions,  extravasations  of  blood,  inflammatory  deposits,  abscesses  and 
necroses.'  The  most  frequent  seat  of  these  evidences  of  pyaemia  are  the  lungs.  They 
are  often  found  studded  chiefly  toward  the  surface  whore  the  vessels  are  divided  into 
their  smaller  radicles,  with  wedge-shaped  patches  of  consolidated  lung.  These 
patches,  when  seen  in  the  early  stages  of  the  disease,  generally  exhibit  the 
usual  appearance  of  haemorrhagic  infarcts  from  embolism ;  sometimes,  and  then 
generally  in  the  later  stages  of  the  disease,  the  central  part  of  the  patch  has  necrosed 
or  become  converted  into  a  cavity  containing  puriform  fluid,  the  surrounding 
pulmonary  tissue  exhibiting  the  usual  evidences  of  inflammation.  These  cavities 
vary  immensely  in  size,  some  being  no  larger  than  a  pea,  whilst  others  assume  much 


1 


PATHOLOGICAL  ANATOMY.  181 

larger  proportions.  None  of  them  have  ever  been  known  to  exhibit  the  slightest 
indication  of  repair.  Sometimes  these  patches  more  neaiiy  resemble  the  blocks  of 
lobular  pneumonia.  In  either  case  there  is  some  effusion  of  lymph  on  the  pleural 
surface,  with  more  or  less  general  pleurisy.  At  the  same  time,  as  in  septicaemia,  we 
often  find  small  extravasations  of  blood  beneath  the  serous  membrane.  In  the 
principal  arterial  twig  leading  to  the  diseased  area  is  found  a  soft  yellowish  material 
distending  the  vessel  and  looking  strangely  like  broken-down  blood-clot ;  and  when 
in  the  primary  seat  of  disease  a  vein  is  found  filled  with  the  same  material,  the 
inference  that  embolism  has  occurred  is  generally  accepted.  Unfortunately  it  is  not 
always  possible  to  find  such  a  cause  as  a  softening  thrombus  in  the  original  seat  of 
disease.  This  is,  however,  not  to  be  wondered  at  when  one  considers  the  difficulty 
of  exploring  all  the  smaller  veins  in  connection  with  a  wound,  especially  if  the  bone 
has  been  involved  in  the  original  injury,  or  the  prostate  and  pelvic  organs  are  the 
parts  affected.  "Why  these  clots  break  down,  and  why,  when  washed  away  to  other 
parts  of  the  body,  they  should  produce  changes  different  from  the  ordinary  course  of 
embolism,  is  still  a  matter  for  speculative  enquiry.  The  extravasation  consequent 
upon  the  embolism  never  undergoes  the  changes  seen  in  other  diseases ;  the  infarct 
here  breaks  down  sloughs  en  masse  or  becomes  a  simple  abscess  ;  the  reason  of  this 
must  be  sought  for  in  the  poison  which  accompanies  or  causes  the  disease,  and  will  be 
again  referred  to.  In  the  heart  the  same  patches  are  oftentimes  seen,  associated  with 
peri-  or  endo-carditis,  according  to  the  position  of  these  infarcts.  Pericarditis  without 
such  metastatic  centres  of  inflammation  is  by  no  means  a  rare  occurrence. 

Of  the  other  organs,  the  kidneys  are  perhaps  most  frequently  the  seat  of  these 
secondary  manifestations  of  pyaemia.  The  abscesses  are  generally  small  and  situated 
in  the  cortical  part.  The  presence  of  these  secondary  centres  of  suppurative  inflam- 
mation or  gangrene  in  the  liver  is  largely  dependent  upon  the  seat  of  the  primary 
disease.  Should  the  initial  lesion  be  in  the  intestines,  abscesses  will  be  found  in  the 
liver ;  if  in  the  general  system,  the  lungs  will  be  the  parts  principally  involved. 
From  the  organs  first  in  the  course  of  the  blood  stream,  others  can  again  receive 
emboli.  It  has,  however,  been  remarked  that  in  some  rare  instances  the  emboli 
have  passed  through  the  lungs  and  been  arrested  in  the  liver.  Dr.  "Weber  has 
found  by  experiment  that  pixrulent  fluid  can  be  injected  into  the  veins  so  fine  that  it 
will  pass  through  the  lungs  and  be  arrested  in  the  systemic  circulation.  In  the 
kidneys  sometimes  are  seen  areas  of  deeply  stained  or  congested  tissue,  with  here 
and  there  small  patches  of  extravasation,  without  any  distinct  collection  of  purulent 
fluid.  In  the  spleen  wedge-shaped  patches  are  found  as  in  the  lungs  of  various 
sizes  and  in  various  stages  of  softening  and  disintegration ;  sometimes  they  are 
distinctly  hsemorrhagic ;  at  others,  they  have  become  cavities  filled  with  purulent 
fluid,  according  probably  to  the  date  of  their  occurrence.  The  peritonaeum  may  also 
show  signs  of  inflammation  as  the  other  serous  membranes  do,  but  perhaps  not  quite 
so  frequently  as  the  pleurae,  which  rarely  escape,  on  account  of  the  frequency  with 
which  the  lungs  are  the  seat  of  secondary  manifestations  of  the  disease. 

The  brain  and  its  membranes  are  not  often  the  seat  of  these  complications. 
Puriform  thrombosis  of  the  sinuses,  meningitis  and  abscesses  in  the  substance  of  the 
brain,  are  of  course  frequently  seen  in  post-mortem  examinations  of  cases  dying  from 
injuries  to  the  skull  and  diseases  of  the  ear ;  but  in  most  of  these  the  abscess,  throm- 
bosis, or  meningitis  is  probably  in  direct  continuity  with  the  disease  or  injury. 
The  joints  should  as  far  as  possible  all  be  examined,  for  frequently  when  least  sus- 
pected distinctly  purulent  fluid  will  be  found ;  there  may  not  be  a  sufficient  quantity 
to  distend  the  joint,  but  the  synovia  will  often  be  seen  quite  turbid  and  flocculent. 
At  other  times  one  or  more  joints  will  be  distended  with  pus  :  the  larger  ones,  in 
preference  to  the  smaller,  will  be  most  commonly  affected.  Abscesses  in  various  parts 
of  the  body,  between  the  muscles,  in  the  subcutaneous  tissue,  and  over  points  of 
pressure,  will  be  found  of  various  sizes  and  degrees  of  distension.  There  are  very  few 
of  the  signs  of  inflammation  around  these  collections  of  pus,  either  in  the  synovial 
membrane  of  the  joints  or  in  the  cellular  tissue.    They  more  nearly  resemble  the 
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chronic  or  cold  abscess  than  the  acute,  although  they  may  have  been  of  very  rapid 
formation. 

The  condition  of  the  primary  wound  or  injury  and  its  surrounding  tissues  is  one 
of  considerable  interest  and  importance.  There  may  be  little  or  no  swelling  to 
indicate  the  serious  nature  of  the  disease ;  for  example,  the  stump  after  amputation 
of  the  thigh  may  be  almost  healed,  but  this  is  chiefly  observed  in  cases  where 
pyaemia  has  supervened  during,  one  might  almost  say,  the  convalescence  of  the 
patient,  there  being  merely  one  or  more  sinuses  to  close  or  a  small  sequestrum  to 
separate.  Such  cases  occur  when  pyaemia  is  already  present  in  a  hospital,  and  the 
patient  becomes  inocidated  with  the  disease  dining  his  convalescence.  The  wound 
under  these  circumstances  is  fairly  firmly  healed.  The  discharge  becomes  thin  and 
sanious,  but  there  may  be  no  other  alteration  visible  on  the  surface  to  indicate  the 
condition  of  affairs.  On  the  other  hand,  when  pyaemia  attacks  a  wound  or  injury 
shortly  after  its  occurrence,  there  is  oftentimes  considerable  swelling  of  the  surround- 
ing parts,  the  little  healing  that  had  at  one  time  commenced  has  broken  down,  and 
the  granulations  are  flabby  and  covered  with  slough.  Thus  on  the  post-mortem 
table  we  may  find  either  of  the  two  preceding  conditions — an  almost  normal- 
looking  wound  or  one  distended  with  all  the  products  of  putrefaction.  The  latter, 
however,  is  by  far  the  most  common  condition  to  find.  The  tissues  are  then  scarcely 
distinguishable  from  one  another,  forming  one  pasty,  friable  mass  with  larger  and 
smaller  areas  of  dead  or  dying  tissue.  On  dissection  we  find  the  veins  filled  with 
clots,  and  these  clots  undergoing  various  changes  according  to  the  amount  of  sur- 
rounding inflammation  and  the  length  of  time  the  patient  has  survived  the  onset 
of  the  disease.  The  smaller  veins  are  the  first  probably  to  become  thrombosed,  and 
from  these  the  clots  extend  to  the  next  larger  branches,  terminating  by  a  rounded 
extremity  which  protrudes  into  the  calibre  of  the  main  trunk.  It  is  easy  thus  to 
understand  how  this  protruding  extremity  may  be  detached  and  carried  away  in  the 
blood  stream  to  produce  the  results  we  have  previously  considered.  Or  a  more 
extensive  thrombosis  may  occur  from  coagulation  upon  this  projecting  clot  till  finally 
the  main  trunk  itself  is  completely  thrombosed.  In  any  case  the  clots  are  found  to 
have  undergone  partial  or  complete  disintegration.  The  centre  only  may  have 
become  diffluent,  forming  a  reddish  or  yellowish  puriform  fluid,  whilst  the  sides  are 
adherent  to  the  walls  of  the  vessel.  The  red  corpuscles  are  the  first  to  break  up  and 
become  converted  into  granular  and  molecular  matter,  diffusing  their  colouring 
matter  through  the  surrounding  fluid.  The  white  corpuscles  remaining  undissolved 
for  a  time  have  given  the  impression  that  the  fluid  is  pus,  as  no  other  corpuscles  but 
the  white  are  seen ;  but  these,  too,  eventually  undergo  the  same  change. 

As  the  process  of  softening  extends  the  walls  of  the  vein  become  inflamed.  But 
the  changes  here  depend  largely  upon  the  amount  of  inflammation  in  the  surround- 
ing tissues.  In  those  cases  in  which  little  local  action  is  to  be  observed  in  the 
wound,  the  vein  wall  merely  becomes  thickened  from  inflammatory  infiltration  into 
its  outer  and  middle  coats.  On  the  other  hand,  while  putrefactive  suppuration  has 
extended  along  the  planes  of  areolar  tissue,  the  vein,  cut  oft*  on  all  sides  from  its 
sources  of  nourishment,  dies,  and  at  the  post-mortem  examination  can  scarcely  be 
distinguished  from  the  surrounding  pulp.  Sometimes  no  such  change  as  above  de- 
scribed is  to  be  found  in  any  of  the  veins  of  the  soft  parts.  After  amputation  or  com- 
pound fracture  the  bone  will  then  be  found  to  be  the  seat  of  intense  inflammation. 
The  medullary  canal  is  filled  with  pus,  and  frequently,  as  the  inflammation  has  existed 
some  time  before  the  onset  of  pyaemia,  the  periosteum  may  be  swollen  and  lifted 
from  the  surface  of  the  bone,  whilst  the  shaft  is  partially  or  completely  necrosed. 

Experiments  on  animals  and  the  conclusions  to  be  drawn  therefrom. — Much  new 
light  has  been  thrown  on  the  infective  diseases  by  Koch's  experiments  on  mice  and 
rabbits.  His  method  of  staining  with  methylaniline  and  illumination  enables  the 
observer  to  recognize  with  much  greater  ease  the  different  minute  forms  of  bacteria 
other  than  the  ordinary  putrefactive  varieties  which  have  necessarily  to  be  distin- 
guished from  the  pathogenic  form.  For  further  information  than  can  here  be  given, 
the  reader  is  referred  to  the  original  work,  '  Untersuchungen  liber  die  ^Etiologie  der 
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Wundinfectionskrankheiten,'  von  Dr.  Robert  Koch,  published  by  Vogel  of  Leipzig 
1878,  and  translated  for  the  New  Sydenham  Society,  by  Mr.  Watson  Cheyne, 
1880. 

He  produces  a  disease  in  mice  which  has  so  close  a  resembance  to  what  is  usually 
called  septicaemia,  that  the  comparison  has  an  obvious  bearing  on  the  disease  in  the 
human  subject.  And  under  this  term  septicaemia  two  separate  processes  are  included. 
In  one  of  them  the  disease  can  be  most  readily  transmitted  from  one  animal 
to  another  by  the  smallest  fraction  of  the  animal's  blood;  whilst  in  the  other, 
even  when  the  animal  dies  from  the  intensity  of  the  original  dose  of  poison  injected, 
the  disease  cannot  be  transmitted  to  another  mouse.  The  difference  between  the 
two  diseases  bears  this  interpretation.  The  first  named  is  a  distinctly  infective 
process  in  which  the  poison  multiplies  in  the  organism,  so  that,  however  small  the 
dose,  the  issue  is  certainly  fatal.  The  other  is  entirely  dependent  upon  the  amount 
of  the  fluid  injected,  i.e.  the  amount  of  the  poison  administered ;  to  this  process  the 
name  septic  intoxication  is  given,  as  it  is  not  capable  of  being  transferred  from  one 
animal  to  another,  and,  therefore,  is  not  infective.  So  important  are  these  inves- 
tigations that  we  may  be  pardoned  for  giving  a  brief  outline  of  the  experiments. 

1.  Septicaemia  in  mice. — If  five  drops  of  putrefying  blood  be  injected  under  the 
skin  of  a  mouse,  the  animal  immediately  becomes  restless  and  uneasy,  running  about 
and  showing  great  weakness  and  uncertainty  in  all  its  movements.  It  refuses  food, 
respiration  becoming  irregular  and  slow,  and  finally  the  animal  dies  in  from  four  to 
eight  hours.  After  death  the  wound  is  found  to  contain  bacteria  of  the  most  diverse 
forms,  just  such  as  are  seen  in  the  fluid  before  injection,  but  no  bacteria  are  found  in 
the  blood  of  the  heart  or  in  any  of  the  organs.  No  inflammation  is  observed  in  the 
neighbourhood  of  the  wound  and  the  internal  organs  are  unaltered.  If  a  drop  of 
blood  be  taken  from  the  heart  and  injected  into  another  mouse,  no  effect  is  produced. 
The  animal  has  therefore  died  from  the  direct  effects  of  the  poison,  and  no  truly 
infective  process  has  been  started.  Further  experiments  prove  that,  if  less  fluid  is 
injected,  the  symptoms  are  less  marked,  and  if  the  amount  of  fluid  be  reduced  below 
a  certain  point,  no  immediate  symptoms  at  all  are  produced.  But  a  certain  propor- 
tion of  the  mice,  after  the  lapse  of  twenty-four  hours  of  apparent  immunity,  begin  to 
show  unmistakable  signs  of  disease,  quite  different  from  those  detailed  above,  and 
die  in  about  forty  to  sixty  hours.  If  only  one  drop  be  injected,  about  one-third  of 
the  experiments  succeed.  If  from  to  of  a  drop  is  injected,  about  one  in  ten 
or  twelve  are  affected.  So  that  the  less  the  amount  employed  for  injection,  the 
smaller  will  be  the  number  of  mice  infected.  The  first  symptom  in  these  cases  is  an 
increased  secretion  from  the  conjunctiva,  which  finally  completely  glues  the  eyelids 
together.  The  animal  then  becomes  feeble,  moves  but  little,  and  generally  sits  quite 
still  with  its  back  bent  and  the  limbs  drawn  up.  It  then  ceases  to  eat,  the  respira- 
tion becomes  slow,  the  debility  increases,  and  finally  death  ensues  almost  imper- 
ceptibly in  from  forty  to  sixty  hours  after  injection.  On  post-mortem  examination 
slight  oedema  is  found  around  the  point  of  injection  or  inoculation,  and  considerable 
swelling  of  the  spleen.  The  rest  of  the  tissues  and  internal  organs  appear  quite 
unaltered.  If  the  point  of  a  scalpel,  which  has  touched  the  subcutaneous  tissue  in 
any  part  of  the  body  of  a  mouse  which  has  died  in  this  way,  be  passed  over  a  wound 
in  the  skin  of  another  mouse,  death  ensues  in  fifty  hours  with  exactly  the  same 
symptoms.  In  the  same  way  TL  of  a  drop  of  its  blood  will  produce  the  same  effect 
through  an  unlimited  number  of  animals — all  dying  in  the  same  time  with  the  same 
symptoms.  Here  we  have  an  infective  disease  capable  of  being  transferred  from  one 
animal  to  another  by  the  smallest  doses,  and  one  which,  from  the  result  of  post- 
mortem examination,  must  be  called  septicaemia,  or  at  any  rate  which  agrees  with  what 
is  generally  known  as  such  in  man.  The  blood  and  tissues  of  these  mice  were  found 
to  swarm  with  a  peculiar  small  bacillus.  We  have  not  time  here  to  enter  into  much 
that  is  highly  interesting  and  original  in  these  investigations.  Sufficient  has  been 
said  to  indicate  in  the  case  of  mice  a  clear  distinction  between  poisoning  from  the 
injection  of  the  products  of  decomposition  and  the  establishment  of  a  true  infective 
process.    In  the  former,  the  result  is  entirely  proportional  to  the  dose  administered 
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and  the  susceptibility  of  the  animal.  The  disease  has  generally  received  the  name 
of  septic  intoxication,  for  the  poison  does  not  multiply  in  the  organism  and  cannot 
be  transferred  from  one  animal  to  another,  the  dead  mouse  merely  containing  the 
original  dose  injected.  In  the  latter,  on  the  other  hand,  a  distinct  infective  process 
is  produced,  the  smallest  dose  increasing  in  the  organism  of  the  injected  mouse  till 
death  ensues.  The  smallest  fraction  of  a  drop  is  thus  capable,  by  inoculation,  of 
transmitting  the  same  disease  to  another  mouse.  The  importance  of  this  explanation 
upon  the  septic  traumatic  diseases  in  the  human  subject  will  depend  greatly  upon 
the  subsequent  confirmation  of  these  investigations  by  similar  experiments  on  other 
animals.  At  the  present  time  one  cannot  help  seeing  how  many  apparent  anomalies 
are  by  this  theory  explained  away.  But  one  must  not  on  that  account  jump  to  a 
too  hasty  conclusion.  Theories  based  on  experiments  must  always  be  received  with 
caution.  That  traumatic  fever  is  nothing  niore  than  septic  intoxication  is  highly 
probable,  and  these  experiments  go  largely  to  confirm  this  view.  A  continuance  of 
this  fever  beyond  the  usual  period  can  generally  on  this  theory,  too,  be  explained  by 
an  oftentimes  unfavourable  condition  of  the  wound,  which  prevents  a  free  exit  to  the 
putrefying  discharges  on  its  surface.  There  is  then  a  constant  absorption  of  a 
common  putrefying  poison.  The  difference  between  this  and  the  truly  virulent  form 
of  septicaemia  which  we  occasionally  see  is  remarkably  illustrated  by  these  experi- 
ments of  Koch's.  We  have  not,  however,  yet  learned  to  distinguish  in  the  human 
subject  by  the  symptoms  between  the  rapid  deaths  that  occur,  e.g.  after  the  bursting 
of  a  putrefying  cyst  in  the  peritoneal  cavity,  which  must,  in  most  cases,  according  to 
this  theory,  be  ascribed  to  septic  intoxication  and  the  more  truly  infective  process 
which  occasionally  follows  a  scratch  in  the  post-mortem  room.  It  has  been  shown 
by  these  experiments  that  whether  an  infective  process  will  be  started  by  an  in- 
jection of  putrid  blood  is  more  or  less  a  matter  of  accident.  It  is  not  necessary 
therefore  in  its  onset  that  the  disease  should  have  its  origin  from  a  similar  case. 

Thus,  then,  under  our  term  septicaema  it  is  probable  that  two  diseases  are  included, 
the  one  a  simple  poisoning,  the  other  a  distinct  infective  process. 

2.  Pycemia. — No  one  has  succeeded  in  producing  in  animals  a  fatal  infective  dis- 
ease accompanied  by  secondary  centres  of  inflammation  by  direct  inoculation  or  in- 
jection of  the  blood  or  discharges  taken  from  a  case  of  pyaemia  in  man.  Koch  after 
many  failures  succeeded  in  developing  a  distinctly  infective  disease  in  rabbits  which 
closely  resembles  pyaemia  in  man.  A  piece  of  mouse's  skin,  one  centimetre  square, 
was  macerated  in  thirty  grammes  of  distilled  water  for  two  days.  Ten  drops  of  the 
fluid  were  then  injected  subcutaneously  into  the  back  of  a  rabbit.  The  animal 
remained  well  for  two  days.  It  then  began  to  eat  less,  became  gradually  weaker,  and 
died  105  hours  after  the  injection.  On  post-mortem  examination  there  was  found 
purulent  inflammation  of  the  subcutaneous  tissue  at  the  point  of  injection,  extending 
as  far  as  the  hip  behind  and  the  linea  alba  below.  In  many  places  the  suppuration 
had  traversed  the  abdominal  walls  and  l-eached  the  peritonaeum,  which  exhibited  the 
ordinary  evidences  of  inflammation.  The  liver  showed  wedge-shaped  patches  on  sec- 
tion, and  the  spleen  was  much  swollen.  In  the  lungs  were  found  some  dark-red  air- 
less patches  about  as  large  as  a  pea.  There  was  no  visible  alteration  in  any  of  the 
other  organs.  Blood  taken  from  the  animal  and  injected  into  a  second  rabbit  pro- 
duced identically  the  same  disease ;  this  experiment  repeated  through  a  number  of 
rabbits  from  one  to  another  satisfactorily  proved  by  its  never  failing  the  infective 
nature  of  the  disease  that  had  been  produced.  On  microscopic  examination  large  num- 
bers of  micrococci  were  everywhere  discovered  throughout  the  body,  for  the  most  part 
single  or  in  pairs.  They  measured  on  an  average  '25  mikrm.  in  diameter.  Dense 
masses  of  these  micrococci  were  found  in  the  capillaries  adhering  to  the  walls  and 
enclosing  the  red  corpuscles  in  their  midst.  Dr.  Koch  evidently  considers  that  this 
condition  leads  to  capillary  thrombosis,  and  in  many  places  he  found  that  this  had 
actually  taken  place,  especially  in  the  glomeruli  of  the  kidney.  He  further  suggests 
that  this  capillary  thrombosis  may  lead  to  embolism  and  secondary  abscesses.  If 
these  experiments  and  observations  are  confirmed,  they  will  greatly  assist  in  explain- 
ing those  cases  of  pyaemia  in  the  human  subject  in  which  no  source  of  embolism  can 
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be  detected  by  the  naked  eye;  and  also  the  irregular  and  somewhat  uncertain  dis- 
tribution of  the  secondary  inflammatory  centres. 

What  relation  microscopic  organisms  have  to  pyaemia  and  septic  infection  has 
been  for  a  long  time  the  subject  of  dispute.  Some  investigators  have  succeeded  in 
originating  a  distinctly  infective  disease  like  septic  infection  by  the  injection  of  putrid 
fluid  in  which  no  organisms  could  be  found  :  and  this  disease  was  capable  of  being 
transferred  from  one  animal  to  another.  According  to  Koch,  such  cases  would  be 
due  to  want  of  proper  staining  and  method  of  illumination.  A  still  more  important 
point  to  be  decided,  if  their  presence  is  accepted,  is  whether  these  organisms  stand  in 
the  relation  of  cause  and  effect,  or  whether  they  are  merely  an  accompaniment  of  the 
disease.  Koch's  experiments  and  deductions  supply  a  strong  argument  in  favour  of 
their  existence  as  a  cause.  He  succeeded  in  producing  several  most  distinct  and 
characteristic  diseases,  besides  pysemia  and  septicaemia,  each  differing  from  the  other  in 
a  most  marked  and  definite  manner,  both  by  their  symptoms,  death,  and  post-mortem 
appearance.  He  says  '  a  distinct  bacteric  form  corresponds,  as  we  have  seen,  to  each 
disease,  and  this  form  always  remains  the  same,  however  often  the  disease  is  trans- 
mitted from  one  animal  to  another.  Further,  when  we  succeed  in  reproducing  the 
disease  de  novo  by  the  injection  of  putrid  substances,  only  the  same  bacteric  form 
occurs  which  was  before  found  to  be  specific  for  that  disease.'  If  this  is  confirmed 
by  other  observers,  it  will  go  far  to  convince  surgeons  that  the  same  condition  holds 
good  in  man.  At  present,  however,  very  little  has  been  discovered  in  the  human 
subject  to  bear  out  these  views.  In  the  most  recent  investigation  that  has  been  pub- 
lished upon  the  subject  (Kept,  of  Com.,  Path.  Soc.  Trans,  vol.  xxx.)  no  definite  con- 
clusion has  been  or  can  be  drawn.  Bacteria  and  micrococci  were  seen  in  the  blood, 
but  no  one  form  was  found  to  be  peculiar  to  any  one  kind  of  disease.  In  some 
undoubted  cases  of  pyaemia,  no  bacteria  or  micrococci  were  discovered  during  life  : 
in  others  various  forms  were  seen ;  and  again  in  other  cases  they  were  only  occasion- 
ally found.  It  is  only  fair,  however,  to  state  that  the  methylaniline  staining  fluid 
had  not  then  been  tried.  Knowing  how  difficult  it  is  to  distinguish  vibrating 
granules  in  the  blood  from  micrococci  without  the  aid  of  reagents  or  cultivation,  this 
result  is  not  a  matter  of  surprise.  In  the  examination  of  organs  after  death  the 
same  uncertainty  prevails.  Bacteria  were  found  only  in  three  cases  out  of  a  large  number 
examined  ;  micrococci  were  seen  in  very  many  of  the  cases,  but  distributed  with  great 
irregularity  among  the  organs.  The  report  contains  the  following  remark  on  these 
bodies : — '  It  seems,  however,  more  probable  that  some  precedent  change  in  the  chemical 
composition  of  the  tissues  may  be  necessary  'for  the  growth  and  multiplication  of  these 
oi'ganisms,  and  that  thus  they  may  be  rather  evidences  than  causes  of  pyaemia ; '  '  this 
suggestion  would  harmonise  with  their  unequal  distribution  and  their  absence  from 
more  extensively  diseased  parts.' 

Prognosis. — If  the  views  expressed  above  regarding  sejjtic  intoxication  be  correct, 
some  cases  of  apparent  septicaemia  which  recover  might  be  explained  on  the  sup- 
position that  no  truly  infective  disease  has  been  established,  and  that  the  original 
dose  of  poison  absorbed  has  not  been  sufficient  to  destroy  life.  Such  cases  would 
thus  be  similar  to  or  identical  with  traumatic  fever.  Where  small  wounds  are 
involved,  septic  intoxication  would  be  out  of  the  question.  On  the  other  hand,  the 
presence  of  large  wounds  would  not  exclude  the  possibility  of  septic  infection.  The 
prognosis,  therefore,  depends  largely  upon  the  capabilities  of  making  a  satisfactory 
differential  diagnosis  at  the  bedside.  And  this  is  a  question  about  which  we  do  not 
at  present  feel  confident  enough  to  make  any  definite  assertion.  The  theory  of 
septic  intoxication  and  septic  infection  being  separate  and  distinct  from  one  another 
is  very  enchanting,  and  explains  much  that  was  before  inexplicable ;  but  caution  bids 
us  wait  for  further  confirmation  of  these  views. 

With  regard  to  pyaemia,  although  it  must  be  regarded  as  a  fatal  disease  from 
which  recovery  must  as  a  rule  be  deemed  hopeless,  yet  there  is  undoubtedly  a  less 
fatal  disease  so  closely  allied  to  pyaemia,  with  its  suppurating  joints  and  multiple 
abscesses,  as  to  have  received  the  name  of  chronic  pyaemia.  And  in  this  form 
recovery  has  been  known  to  take  place.     Such  cases,  it  is  true,  may  in  time  be 
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proved  to  be  different  from  pyaemia  in  ultimate  causation,  although  somewhat  similar 
in  clinical  symptoms,  At  present  we  may  safely  say  that  there  are  no  known  means 
of  distinguishing  this  chronic  form  from  the  ordinary  pyaemia,  except  by  its 
chronicity  and  tendency  to  recovery. 

Treatment. — Much  has  been  said  of  late  as  to  the  prophylactic  treatment  of  these 
septic  diseases.  The  rapid  advances  of  modern  surgery  and  the  comparative 
absence  of  pyaemia  from  our  surgical  wards  is  generally  accredited  to  the  introduc- 
tion of  the  antiseptic  method  or  '  Listerism.'  Many,  however,  still  maintain  that  these 
results  are  due  not  to  the  introduction  of  any  special  method  of  using  antiseptics,  but 
to  the  greater  care  that  is  bestowed  on  all  wounds,  especially  in  the  employment  of 
thorough  drainage,  accurate  pressure,  careful  arrest  of  all  haemorrhage,  and  absolute 
cleanliness  by  means  of  the  free  and  general  use  of  antiseptics. 

Little  can  indeed  be  said  as  to  the  special  treatment  of  an  undoubted  and  well- 
developed  case  of  pyaemia.  Ordinary  principles  will,  as  a  rule,  guide  the  surgeon 
aright.  The  evacuation  of  pus  as  soon  as  symptoms  point  to  its  presence  must  of 
course  here,  as  elsewhere,  be  the  guiding  principle.  When  there  is  a  suspicion  that 
pus  formed  in  the  original  seat  of  injury  or  operation  does  not  flow  away  as  fast  as 
it  is  formed,  but  is  retained  in  some  pocket  or  sinus  in  the  deeper  tissues  of  the  body, 
the  administration  of  chloroform  or  ether,  and  a  thorough  examination  of  the  wound 
with  finger  and  bullet-probe,  will  often  enable  the  surgeon  to  make  an  effective 
counter-opening  which  would  otherwise  have  been  deemed  unnecessary.  After  an 
amputation  where  there  has  been  little  or  no  swelling  of  the  soft  parts  to  indicate 
the  onset  of  such  a  complication,  symptoms  perhaps  have  suddenly  supervened  which 
have  given  rise  to  the  gravest  anxiety.  Keamputation  at  the  first  rigor  has 
demonstrated  the  existence  of  suppurative  osteomyelitis,  and  the  operation  has 
apparently  saved  the  patient  from  intending  death.  It  is  well  known  how  readily 
pyaemia  follows  upon  osteomyelitis.  All  bone  cases  in  which  the  medullary  cavity 
is  opened  are  of  course  liable  to  such  a  complication,  and  may  consequently  require 
the  same  energetic  treatment.  It  certainly  is  worth  a  trial  when  the  symptoms 
point  to  the  sudden  onset  of  pyaemia.  The  difficulty  consists  in  being  sure  that  the 
bone  is  the  origin  of  the  symptoms.  The  reader  is  referred  to  the  article  on  Bone 
Diseases  for  fuller  information  on  this  point.  Although  our  knowledge  of  these 
diseases  in  animals  would  suggest  that  such  amputation  in  a  truly  infective  disease 
could  scarcely  save  the  patient,  yet  inasmuch  as  the  conclusions  drawn  from  these 
experiments  cannot  be  said  to  have  been  verified  in  the  human  subject  at  the  present 
time,  our  experience  must  still  be  our  practical  guide  in  this  matter. 

In  the  more  general  treatment  there  is  really  nothing  to  do  beyond  supporting 
the  patient's  constitution  by  suitable  diet,  combined  with  the  moderate  use  of  stimu- 
lants. Various  drugs  have  been  at  different  times  employed,  but  none  have  the 
slightest  influence  in  checking  the  progress  of  the  disease. 

The  greatest  care  should,  however,  be  taken  to  prevent  the  transference  of  the 
disease  from  one  patient  to  another,  We  know  by  experience  how  easily  pyaemia 
and  septicaemia  may  spread  through  surgical  wards  (e.g.  at  the  seat  of  war)  and 
lying-in  hospitals.  Absolute  cleanliness  on  the  part  of  all  medical  attendants, 
thorough  ventilation,  disinfection,  and  scrupulous  care  in  the  use  of  instruments, 
dressings,  bed  linen,  and  all  apparatus  can  alone  obviate  this  tendency. 

Henry  H.  Clutton. 
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Hectic  Fever. 

Derivation  and  Definition. — The  word  'hectic'  owes  its  origin  to  the  Greek  adjec- 
tive tKTtKoe,  formed  by  the  addition  of  the  termination  -ikoq  to  the  verbal  adjective 
Iktoq  derived  from  ey.^.  The  substantive  e£i£,  derived  from  e'y_w,  is  commonly  trans- 
lated '  habit ; '  but  it  expresses  rather  a  permanent  or  abiding  state  ;  In-tiroc,  there- 
fore, denotes  something  habitual,  or  rather  something  connected  with  a  permanent 
or  abiding  state.  Thus  '  hectic,'  in  conjunction  with  the  word  '  fever,'  serves  to  de- 
signate a  permanent  or  abiding  state  of  fever. 

Any  enduring  local  disease,  which  provokes  an  habitual  state  of  febrility,  or 
causes  greater  expense  of  the  nutritious  elements  of  the  blood  than  can  be  maintained 
by  the  system,  will  give  rise  to  the  hectic  state.  The  condition  of  the  system  pro- 
duced by  the  sapping  influence  of  profuse  protracted  suppuration  is  the  most  illustra- 
tive, and  the  one  most  frequently  seen  by  surgeons.  It  is  far  from  being  the  only 
cause  j  but  so  commonly  is  the  state  the  result  of  suppuration,  that  by  some  it  is 
frequently  denominated  the '  suppurative  fever.' 

Symptoms. — The  first  symptoms  of  hectic  creep  upon  the  patient  insidiously. 
He  begins  to  lose  flesh.  The  pulse  becomes  variable  in  frequency  and  force,  quick- 
ening on  the  least  exertion  or  emotion.  The  skin  is  dry  during  the  day,  and  towards 
evening  it  becomes  drier  and  hotter ;  and  the  patient  complains  sometimes,  but  in 
our  experience  very  rarely,  of  the  subjective  sensation  of  chilliness.  The  face  be- 
comes a  little  flushed,  and  the  palms  of  the  hands  and  the  soles  of  the  feet  feel  dry 
and  burning.  If  the  patient  falls  asleep  in  this  state,  when  he  awakes  he  finds  that 
he  has  been  sweating,  and  the  latter  is  out  of  all  proportion  to  the  previous  chilliness 
and  dry  heat.  He  is  able  to  sleep  tolerably  well  during  the  night,  and  in  the  morn- 
ing there  is  some  remission  of  the  symptoms.  His  appetite  is  but  little  altered,  and 
in  the  intervals  between  the  exacerbations  the  tongue  remains  clean,  indeed  mor- 
bidly red  and  clean  and  smooth.  In  this  early  stage  there  is  generally  a  tendency 
to  constipation  of  the  bowels,  and  in  the  intervals  between  the  sweatings  the  urine 
remains  clear,  though  not  abundant.  In  the  second  degree,  the  emaciation  is  more 
noticeable.  The  evening  exacerbations  and  morning  remissions  are  more  than  ever 
characteristic  of  the  state  of  the  system.  The  pulse  daily  loses  power,  and  increases 
in  frequency.  The  tongue  is  smooth  and  glazed  and  morbidly  clean.  At  the  same 
time  the  patient  is  anxious  for  food,  and  often  takes  it  with  a  relish.  He  sleeps 
tolerably  well  during  the  night,  though  the  apprehension  of  the  profuse  sweatings 
may  make  him  dread  falling  asleep.  At  this  stage  the  bowels  are  often  loose,  and 
the  urine  becomes  scanty,  and  deposits  on  cooling.  In  the  evening  there  is  exacer- 
bation of  the  symptoms,  during  which  the  skin  becomes  hot  and  dry,  the  pulse 
quickens,  and  the  temperature  of  the  blood  runs  up  as  in  the  first  stage  of  an 
ague,  but  the  sufferer  rarely  complains  of  the  subjective  sensation  of  chilli- 
ness. During  the  night  the  temperature  slowly  declines,  and  towards  early 
morning,  when  the  sufferer,  perhaps,  has  fallen  asleep,  a  profuse  sweat  bedews  the 
skin,  and  drenches  his  clothes.    It  is  out  of  all  proportion  to  the  previous  febrility 
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and  chiliness.1  Whilst  the  temperature  is  rising  through  what  is  called  the  cold 
stage,  the  patient  complains,  in  well-marked  cases,  of  the  burning  sensation  in  the 
palms  of  his  hands  and  soles  of  his  feet,  and  the  cheeks  exhibit  the  florid  circum- 
scribed suffusion  which  is  called  the  '  hectic  flush.'  After  the  sweating  the  urine  will 
be  found  to  contain  increased  quantities  of  urea,  chloride  of  sodium,  sulphuric  acid 
and  water.  The  chills  and  sweats  of  different  degrees  may  occur  more  than  once  in 
the  twenty-four  hours,  but  more  particularly  occur  in  the  evening  towards  five 
o'clock.  Meanwhile  the  patient's  intellect  remains  quite  unimpaired ;  indeed,  some- 
times the  mind  seems  preternaturally  clear  and  calm.  In  the  third  degree  we  find 
the  patient  suffering  from  the  combined  influence  of  the  local  disease  and  the  colli- 
quative effect  of  the  exhaustive  sweatings.  The  pulse  becomes  more  and  more  feeble 
and  rapid.  The  tongue,  though  it  remains  moist  in  the  absence  of  febrility,  becomes 
sore  and  covered  with  aphthous  spots.  The  appetite  begins  to  fail,  and  to  be  capri- 
cious. The  skin,  in  the  intervals  between  the  sweats,  is  dry  and  harsh  from  branny 
scales.  (Edematous  swelling  appeal's  about  the  ankles  and  feet.  The  motions  are 
frequently  loose,  and,  as  dissolution  is  approached,  are  passed  involuntarily.  The 
urine  is  more  scanty  and  high-coloured  and  offensive.  Chills  and  sweats  succeed 
each  other  as  before,  but  at  shorter  intervals ;  and  the  sweatings  are  so  profuse  and 
exhausting  as  to  be  called  colliquative.  Still  the  nervous  system  remains  exempt 
from  participation  in  the  general  wreck.  The  mind  is  perfectly  clear,  and  in  the 
intervals  between  the  paroxysms  the  sufferer  obtains  a  tolerable  amount  of  sleep. 
The  emaciation  proceeds  to  an  extreme  degree,  and  probably  bed-sores  are  added  to 
the  list  of  deleterious  agents.  Finally,  the  patient  becomes  unable  to  take  nourish- 
ment of  any  sort,  and  he  subsides  into  a  state  of  unconsciousness,  which  is  the  sure 
precursor  of  approaching  dissolution.  The  pulse  and  respiration  become  fainter  and 
feebler,  and  so  gradually  and  gently  does  death  take  place  that  a  bystander  could 
scarcely  tell  when  life  has  ceased. 

The  duration  of  hectic  depends  very  much  upon  the  nature  and  extent  of  the 
local  disease.  If  a  case  of  very  extensive  suppuration  were  allowed  to  progress  un- 
checked in  any  way,  dissolution  would  speedily  be  the  result ;  but  when  the  local 
disease  proceeds  but  slowly,  the  course  of  the  hectic  may  be  extremely  protracted. 

JEtiology. — Any  enduring  local  disease  which  provokes  an  habitual  state  of 
febrility,  or  causes  greater  expense  of  the  nutritious  elements  of  the  blood  than  can 
be  maintained  by  the  system,  will  give  rise  to  hectic.  The  causes,  then,  must  be 
various;  they  may  be  divided  into  two  groups  :  in  the  first  we  place  any  severe 
enduring  local  disease  affecting  an  organ  of  the  body ;  and  in  the  second,  protracted 
diseases  of  a  non-organic  part  of  the  body.  In  the  first  of  these  groups  we  find 
certain  diseases  of  the  stomach  and  mesenteric  glands,  phthisis,  empyema,  diabetes, 
abscess  in  the  liver,  disorganisation  of  the  kidney  from  calculous  disease,  tumours  of 
the  uterus,  ovarian  disease,  disease  of  bladder  and  kidney  consequent  upon  stricture 
of  the  urethra  or  calculous  disease,  &c.  Out  of  the  second  group  the  surgeon  derives 
the  greater  number  of  cases  of  hectic  which  come  under  his  care.  In  this  group  are 
classed  diseases  of  the  joints  and  bones  attended  with  continued  or  frequently  renewed 
febrility  or  profuse  suppuration ;  psoas,  or  lumbar  abscess ;  extensive  suppuration 
from  injured  parts,  as  compound  fractures  and  lacerated  and  contused  wounds ;  and 
any  local  disease  which  in  the  same  manner  is  calculated  to  sap  away  the  powers  of 
the  patient. 

Pathology. — Hectic  fever  does  not  arise  from  the  introduction  or  absorption  of 
a  foreign  element  or  materies  morbi  into  the  blood,  as  is  the  case  in  contagious  and 
specific  fevers,  such  as  typhus,  typhoid,  and  scarlet  fevers,  small-pox,  &c. ;  and  it 
does  not  consist  of  the  systemic  participation  in  a  local  inflammation ;  but  hectic 
arises  when  a  local  disease,  as  chronic  joint  disease,  maintains  an  habitual  state  of 

1  The  thermograph  of  a  good  example  of  hectic  shows  continued  or  renewed  febrility. 
The  evening  elevations  and  morning  remissions  are  subject  to  many  interruptions,  the 
causes  of  which  are  not  always  quite  obvious.  For  the  most  part  the  irregularity  is  con- 
nected with  either  obstructed  discharge,  or  the  formation  of  fresh  collections  of  pus.  A  tem- 
perature above  102°  F.  is  exceptional. 
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unrest,  or  when  the  local  disorder  (as  in  suppurations,  &c.)  is  the  seat  of  an  outfall 
from  the  system  of  the  albuminous  or  nitrogenous  elements  of  the  blood,  in  quantities 
exhaustive  of  the  powers  of  the  sufferer.  By  this  theory  of  the  pathology  of  hectic, 
it  is  easy  to  explain  the  intrinsic  phenomena  of  the  affection ;  the  loss  of  weight,  the 
emaciation,  the  state  of  the  excretions,  and  the  freedom  from  head-symptoms.  When 
we  consider  the  nature  of  the  local  discharge,  and  the  metamorphosis  of  tissue,  and 
consequent  enormous  tissue-waste  which  must  take  place  during  the  exacerbations  of 
the  fever,  we  need  not  wonder  at  the  rapid  loss  of  weight,  the  rate  at  which  the 
emaciation  proceeds,  and  the  undue  quantities  of  urea  and  sulphuric  acid  which  appear 
in  the  urine.  At  the  same  time,  the  immunity  from  head-symptoms  is  to  be  attri- 
buted to  the  comparative  freedom  of  the  circulation  from  the  presence  of  any  of  the 
effete  products  of  the  said  metamorphosis.  The  evening  exacerbations,1  which  are 
commonly  observed  in  the  specific  fevers  as  well  as  in  hectic,  must  have  their  expla- 
nation in  common  with  the  like  phenomena  in  those  fevers ;  and  probably  their 
explanation  is  involved  in  the  yet  hypothetical  cyclical  changes  of  the  tissues  of  the 
body.  The  chilliness  accompanying  the  exacerbations  in  hectic  is  to  be  looked  upon 
rather  as  a  phenomenon  of  the  exacerbations  themselves,  than  as  a  symptom  proper 
to  the  hectic.  "Without  augmentation  of  the  temperature  of  the  blood  it  does  not 
occur ;  and  it  is  more  or  less  marked  in  proportion  to  the  height  the  temperature 
reaches,  and  the  rapidity  of  the  augmentation.  Hectic,  at  one  time,  was  imputed  to 
the  absorption  of  pus  into  the  circulation ;  but  so  well  is  pyaemia  understood  at  the 
present  day,  and  so  fully  has  it  been  described  in  another  essay,  that  we  need  not 
take  up  space  here  to  adduce  the  many  conclusive  arguments  against  there  being  any 
relation  between  the  two  affections. 

Treatment. — The  treatment  consists  in  the  cure  of  the  exciting  cause,  or  its 
removal.  If  the  local  cause  is  such  that  its  cure  or  removal  is  impracticable  (as  in 
certain  organic  diseases,  and  psoas  or  lumbar  abscess),  then  the  treatment  can  only 
consist  of  general  palliative  measures.  But  if  the  local  cause  can  be  removed,  the 
removal  should  be  effected  immediately.  It  is  evident  that  the  hectic  will  not 
subside  so  long  as  the  local  cause  shall  exist.  Thus,  to  mention  one  or  two  instances 
by  way  of  illustration,  if  a  joint  is  undergoing  disorganisation  from  the  presence  of  a 
sequestrum  of  bone,  that  sequestrum  should  be  removed  by  operation ;  or,  if  the 
hectic  is  produced  by  carious  disease  of  the  articular  ends  of  the  bones,  the  joint  itself 
should  be  excised;  but  if  the  limb  be  the  seat  of  some  incurable  disease,  such  as  dis- 
organised joint  from  traumatic  inflammation,  or  extensive  suppuration  after  contiised 
and  lacerated  wound,  the  limb  should  be  amputated.  Before,  however,  such  an 
important  step  is  decided  upon,  the  surgeon  should  have  satisfied  himself  that  no 
alternative  is  left  him,  and  that  he  has  exhausted  all  the  resources  of  the  healing  art. 
Great  judgment  should  be  exercised  in  the  discrimination  of  the  time  for  resorting  to 
such  an  operation  as  amputation  ;  for  although  patients  previously  in  an  extremely 
exhausted  condition  have  often  rapidly  recovered  after  the  removal  of  the  local 
disease,  yet  many  have  been  temporised  with  for  so  long,  that  neither  operation  nor 
any  future  treatment  have  availed  to  save  them  from  death. 

The  general  treatment  of  hectic  must  be  principally  directed  to  maintaining  the 
strength  of  the  patient.  Nourishment  must  be  freely  though  carefully  given,  regard 
being  had  to  the  periodicity  of  the  exacerbations  and  to  the  diarrhoea.  Patients 
should  never  be  allowed  to  go  for  any  length  of  time  without  nutriment,  and  the 
latter  should  never  be  given  in  large  quantities  at  once.  Meat,  concentrated  essence 
of  meat,  eggs,  and  other  nitrogenous  substances,  should  be  the  articles  of  diet  chiefly 
preferred.  Stimulants  should  be  given  judichmsly.  They  are  not  so  urgently  re- 
quired in  hectic  as  in  some  other  affections.  Enough  should  be  given  to  maintain 
the  patient's  circulation,  but  they  should  never  be  deemed  of  more  importance  than 
nutriment.  The  evening  exacerbations  and  sweats  should  be  prevented,  if  possible, 
by  doses  of  quinine,  sulphuric  acid,  and  iron,  well  timed  before  the  hour  at  which 
they  may  be  expected  to  recur.    These  remedies  and  Belladonna  are  most  useful  in 

1  All  observers  of  the  diurnal  temperature  of  the  body  agree  in  stating  that  one  maximum 
temperature  takes  place  about  5  p.m. 
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checking  the  exacerbations  and  sweats,  and  therefore  we  recommend  them ;  but, 
beyond  these,  only  occasional  doses  of  medicine  should  be  employed  to  control  diar- 
rhoea or  procure  sleep.  Pulv.  kino  comp.  will  be  found  the  most  useful  in  the 
diarrhoea,  as  it  tends  to  check  the  sweating  as  well  as  the  discharge  from  the  bowels. 
Sulphuric  acid  alone  is  powerless  to  check  the  diarrhoea.  Diarrhoea,  from  tuberculous 
disease  or  from  errors  in  diet,  must  be  combated  by  the  remedies  ordinarily  in  use 
for  such  affections.  In  all  cases  in  which  hectic  is  likely  to  last  for  any  length  of 
time,  we  strongly  recommend  that  the  sufferer  should  be  early  put  upon  a  water-bed, 
and  that  every  device  for  preventing  bed-sores  should  be  resorted  to.  Finally,  with 
regard  to  those  instances  in  which  amputation  seems  the  only  remaining  alternative, 
we  would  impress  upon  the  surgeon  the  impropriety  of  wasting  valuable  time  in 
vain  attempts  to  stave-off  the  evil  day.  '  True  clemency  does  not  consist  so  much  in 
delaying  strong  and  vigorous  measures,  as  in  boldly  deciding  to  put  them  in  execu- 
tion as  soon  as  they  are  indicated.' 

Traumatic  Fever. 

Definition. — By  this  term  is  meant  that  febrile  condition  which  is  the  direct 
consequence  of  a  wound  (rpav/xa,  wound). 

Symptoms. — The  most  prominent  symptom  in  this  fever  is  the  same  as  that  in  all 
fevers,  viz.  the  temperature.  In  a  well-marked,  uncomplicated  case,  the.  tempera- 
ture begins  to  rise  within  a  few  hours  of  the  infliction  of  the  wound  or  injury.  As 
soon  as  it  has  passed  the  degree  of  100°  Fahr.  the  febrile  condition  may  be  said  to  be 
of  a  pronounced  character.  The  other  symptoms  group  themselves  as  it  were 
around  the  main  one  of  the  temperature.  The  pulse  rises  in  frequency ;  its  force 
and  fulness  depending  in  a  great  measure  upon  the  strength  and  general  condition  of 
the  person.  He  becomes  restless.  The  skin  feels  hot  and  dry  to  the  touch.  The 
face  acquires  a  flushed  hue.  Thirst  is  experienced.  Appetite  is  lost.  The  tongue 
is  furred,  white,  or  brownish,  and  if  the  fever  runs  high,  this  organ  becomes  dry. 
The  bowels  are  generally  costive  in  the  early  stage.  The  tirine  is  high  coloured  and 
concentrated,  containing  an  abnormal  quantity  of  urea  and  salts,  which  render  it 
acid  ;  the  chlorides  disappear  from  it. 

Towards  evening  the  symptoms  undergo  some  increase.  As  the  heat  of  the  body 
increases  the  other  symptoms  grow  strongly  marked,  and  if  sleep  is  obtained  it  is 
troubled  and  unrefreshing.  Neither  chills,  rigors,  nor  sweats  characterise  traumatic 
fever  at  the  outset. 

If  the  local  inflammation  pursue  a  favourable  course  the  general  symptoms 
commonly  begin  to  decline  on  the  third  day,  and  the  temperature  has  graduated 
downwards  to  the  normal  by  the  eighth  day,  unless  some  complication  has  occurred 
to  produce  a  secondary  state  of  febrility. 

Day  by  day  the  rapidity  and  tension  of  the  pulse  diminish,  and  this  symptom 
becomes  a  better  index  to  the  powers  of  the  patient.  A  moist  skin  and  moderate 
perspiration  may  be  hailed  as  favourable  indications.  The  excreta  are  more  natural. 
Sleep  is  once  more  tranquil  and  refreshing. 

The  measure  of  a  severe  case  is  to  be  found  (a)  in  the  temperature,  which  may  be 
as  high  as  104°  Fahr.  and  as  high  in  the  morning  as  it  was  on  the  previous  evening ; 
(b)  in  the  full  tense  pidse  of  1 20  or  thereabouts  ;  (c)  in  increase  in  the  frequency 
of  respiration;  (d)  in  loss  of  flesh;  (e)  in  the  jactitation  of  muscles;  (/)  in  either 
delirium  or  the  opposite  condition  of  the  cerebral  functions. 

This  fever  is  found  in  practice  to  be  subject  to  not  a  few  variations  Avith  regard 
to  the  degree  and  duration  of  its  symptoms  and  with  respect  to  the  result. 

Duration,  deyree,  and  result. — Most  minor  and  many  major  operations  and 
injuries  under  favourable  circumstances  fail  to  elicit  any  symptoms  of  fever.  The 
magnitude  of  the  lesion  does  not  determine  the  amount  of  disturbance  of  the  system, 
nor  is  the  latter  decided  by  the  part  affected. 

The  febrility  ordinarily  commences  within  a  few  hours  of  the  accident  or 
operation,  emerging  more  or  less  distinctly  from  the  shock  when  this  condition  has 
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been  produced.  The  symptoms  are  rarely  delayed  to  the  second  day.  The  attack 
may  subside  within  a  few  hours  from  its  commencement.  The  nature  of  the  operation 
and  the  skilful  treatment  of  the  wound  or  the  proclivity  of  the  person  may  govern 
this. 

In  the  majority  of  cases  of  any  magnitude  the  highest  temperature  occurs  on  the 
third  day,  and  the  attack  ends  on  the  seventh  day. 

In  forty-three  observations,  including  eighteen  tabulated  in  the  former  edition, 
sixteen  presented  the  highest  temperature  on  the  second  day,  nineteen  on  the  third 
day,  seven  on  the  fourth  day,  and  one  on  the  first  day. 

The  cases  observed  consisted  of  eleven  excisions  of  joints  (seven  of  knee,  two  of 
wrist,  and  two  of  elbow),  twenty  amputations  (one  at  hip  joint,  eight  above  knee,  one 
at  knee,  six  below  knee,  one  at  shoulder  joint,  two  above  elbow,  one  below  elbow), 
two  excisions  of  the  breast,  three  compound  fractures  of  the  leg,  two  lacerated  and  con- 
tused wounds,  one  punctured  wound,  one  gunshot  wound,  one  ovariotomy,  one  neci'osis 
case.    Total,  forty-three. 

Of  the  total,  thirty-five  were  uncomplicated  cases  ;  and  of  these,  four  terminated 
on  the  third  day,  five  on  the  fourth,  five  on  the  fifth,  six  on  the  sixth  day,  eight  on 
the  seventh  day,  six  on  the  eighth  day,  and  one  on  the  tenth  day.    Total,  thirty-five. 

In  the  remaining  eight  cases  the  primary  fever  passed  into  secondary  fever  owing 
to  tetanus,  erysipelas,  or  hectic. 

Of  four  cases  of  lacerated  and  contused  wounds,  one  presented  the  highest 
temperature  on  the  first  day,  two  on  the  second  day,  and  one  on  the  fourth  clay. 

The  normal  temperature  was  resumed  in  one  on  the  fourth  day,  in  one  on  the 
sixth  day,  in  one  on  the  seventh  day,  in  one  on  the  eighth  day. 

In  a  case  of  compound  fracture  of  the  thigh-bone,  the  highest  temperature  was 
observed  on  the  second  day  and  the  febrility  subsided  on  the  seventh  day. 

An  examination  of  later  observations  of  numerous  similar  operations  and  injuries 
gave  the  same  results. 

When  the  febrility  (measured  by  the  temperature  particularly)  continues  over 
the  ninth  day,  the  prolongation  is  commonly  due  to  some  complication  causing 
renewed  febrility,  or  to  consecutive  febrility  from  hectic.  A  simple  primary  traumatic 
fever  is  never  in  our  experience  ushered  in  by  chills  or  rigors.  A  rigor  at  this  period 
should  be  interpreted  as  indicating  that  the  case  is  complicated  with  some  other 
lesion  or  illness  than  the  wound. 

Our  own  observations  do  not  confirm  the  statement  made  by  Billroth  and  others 
that  the  highest  temperature  always  occurs  in  the  evening. 

Influence  of  primary  union. — It  is  a  remarkable  fact  that,  though  extensive 
primary  union  takes  place  in  a  wound  (which  may  have  been  treated  quite  asepti- 
cally  or  antiseptically,  and  present  no  complication),  traumatic  fever  occurs. 

The  decline  of  the  febrility  on  or  after  the  third  day  may  coincide  with  the  com- 
mencement of  suppuration  in  the  wound,  but  as  it  is  a  common  observation  that  the 
modified  febrility  seen  under  antiseptic  treatment  subsides  about  the  same  period, 
the  two  phenomena  cannot  be  held  to  stand  in  the  relation  of  cause  and  effect. 

Age  may  delay  the  advent  of  febrility,  but  does  not  necessarily  do  so ;  age  and 
constitution  appear  to  have  less  influence  than  might  have  been  expected  over  the 
time  that  the  fever  lasts. 

Loss  of  blood  delays  the  rise  of  temperature,  but,  fatal  cases  excepted,  does  not 
influence  the  duration  of  febrility  to  any  important  extent. 

Pulse. — This  almost  always  keeps  pace  with  the  temperature.  It  increases  in  fre- 
quency as  the  temperature  rises  and  declines  as  the  latter  subsides.  When  there  is 
want  of  harmony,  it  is  generally  owing  to  more  or  less  loss  of  strength  on  the  part 
of  the  patient. 

The  condition  of  the  urine  in  the  fever  appears  to  be  much  the  same  as  in 
pyrexia  generally. 

The  result  must  necessarily  be  subject  to  a  great  variety  of  influences.  It  may 
end  healthfully  in  from  two  to  seven  days,  but  from  some  peculiarity  in  the  state  of 
the  patient  it  may  be  succeeded  by  a  more  or  less  violent  secondary  fever  or  become 
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conqalkated  by  some  accidental  disorder.  Should  a  patient  remain  feverish  after  the 
ninth  day  or  recommence  to  be  feverish  after  the  temperature  had  reached  the 
wi  ■■!  ihigiuo,  then  a  secondary  cause  must  be  looked  for.  The  most  common  causes 
are  the  retention  of  dote  of  blood,  of  serum  or  of  foreign  bodies,  tension  produced  bv 
stitches,  wlnntanm  of  iiiflimntiim  to  neighbouring  tissues,  the  disintegration  of 
effused  blood,  slough  of  tissue,  the  formation  of  a  deep  seated  collection  of  pnriform 
fluid.  In  the  more  acute  cases  the  renewed  febrility  will  be  found  to  have  arisen 
from  such  grave  causes  as  tetanus,  erysipelas,  poisoning  of  the  blood  by  putrid 
~ '-  fr:m  the  "  caliry  ::'  tie  wo  nr.  L  svpticsemis  .  frc-ni  ?h \jedser_i      "v  v-mLi. 

The  period  for  the  dechne  of  the  primary  fever  is  the  stage  at  which  the  surgeon 
should  not  foil  to  watch  the  progress  of  the  temperature. 

The  &ms#*  of  wound  fever  form  a  subject  of  extreme  interest.  The  first  cause  to 
be  mentioned  is  putrefaction,  or  septic  changes  in  the  fluids  and  tissues  of  the  wound. 

It  is  not  disputed  that  septic  fluids  absorbed  by  the  freshly  cut  or  torn  tissues 
are  capable  of  inducing  pyrexia.  The  cause  or  causes  of  the  putrefaction  have  been 
hie  hhet  sv.bject  or  controversy. 

It  cannot  be  controverted  that  the  organisms  called  bacteria  are  potent  in  the 
production  of  putrefaction.  They  are  always  found  in  decomposing  animal  thuds. 
I:  the  :-^fn:s  ::  v  Mtrehich :  n  are  entirely  excluded  from  «apnds.  septic  changes  lo 
not  take  place,  although  micrococci  may  exist  in  the  secretions  of  the  wound.  If  no 
uuytii  iluBfciii  ensue  in  a  wounded  part,  there  will  not  be  any  local  inflammation  or 
general  febrility  beyond  the  modified  form  of  febrility  which  has  been  called  by 
Volekmann  1  Aseptic  '-wound  fever.  Local  inflammation  and  this  fever  should  there- 
fore be  studied  as  preventibJe  conditions,  and  not  as  noimiai  j  accompaniments  of 
the  lm»Kwg  of  wounds. 

Wounds  of  the  limbs  and  trunk  which  heal  by  primary  union  under  perfect 
aseptic  or  antiaeptie  tieatment  are  not  uncommonly  accompanied  by  a  slight  degree 
of  febrility.  This  is  a  feet  which  must  be  recognised.  Volekmann  has  called  thi< 
aaeptic  fever,  and  pointed  out  that  the  pulse  is  not  so  disturbed  as  it  is  in  septic 
fever,  the  tongue  is  not  dry,  that  the  skin  is  moist,  sweats  being  sometimes 
.-'-served.  the  st  petite  n::  ?,r7ected.  the  bowels  are  not  constipated,  the  \:rine  is 
abundant,  and  there  is  no  loss  of  flesh. 

This  ccrresronds  with  the  aseptic  fever  which  is  often  seen  in  subcutaneous 
-v-nrhs.  si:h   s  severs?  c-:n:  :si:ns.  ;-.:*-ctit.inr>:is  rhaettrres  and  the  like. 

It  must  not  he  overlookel  that  tension  is  a  common  cause  of  high  temperature 
and  fever  after  wounds.  Some  disturbances  of  the  nervous  system  give  rise  to 
fever.    Carbofic-add  absorption  and  tension,  either  or  both,  may  cause  aseptic  fever. 

Simple  primary  wound  fever  should  he  distinguished  from  renewed  or  continued 
:'-'  ril-.ty  itie  :•  inr-.m-a::  :n  :  :rg5r_<  cr  t:<*--.es  conthr::"s  to  the  -eat  of  in; -.try  or 
operation,  as  pleurisy  after  fkattuie  of  a  rib.  peritonitis  after  herniotomy  or  wound  of 
the  ilwhiu  n,  meningitis  after  fracture  of  the  skull. 

W-.xy  disease  of  the  liver,  spleen,  or  kidneys,  and  fatty  changes  in  the  liver,  and 
Brights  qWmp,  do  not  appear  to  era  rise  any  constant  and  special  influence  over 
flna  fever.  Persons  who  are  srufering  from  either  of  the  last-named  conditions  are 
bad  subjects  for  operation  and  injuries. 

The  pathology  of  wound  fever  is  inseparable  from  that  of  inflammatory  fever, 
which  is  treated  of  under  the  head  of  Lvft  wxatiqs. 

Treatment. — If  the  surseon  has  already  made  himself  acquainted  with  the  prin- 
ciples on  which  inlUmeliwi  should  be  treated,  he  will  have  no  difficulty  in  compre- 
hending how  cases  of  I'Tir—*1**1  fever  should  be  managed. 

An  exhaustive  account  of  the  treatment  required  by  the  various  kinds  of 
wounds  prospectively  or  actually  fever-producers  is  not  within  the  scope  of  this  article. 

The  prevention  of  fever  is  the  part  of  the  subject  to  which  one  would  prefer  to 
chiefly  direct  attention. 

Should  traumatic  fever  develope  itself  it  must  be  treated  locally  and  generally  on 
the  tines  hud  down  in  the  articles  on  IsFLaJQtATios.  on  Woods,  on  Fracture?  and 
Awpctatiovs.    We  can  only  suggest  that  the  general  treatment  should  be  quite 
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limited  so  long  as  there  is  freedom  from  complication ;  rest,  restricted  diet  and  atten- 
tion to  the  secretions  being  nearly  the  sum  of  the  treatment.  In  aged  persons  and 
those  who  have  suffered  extensive  injuries  or  operations,  notwithstanding  symptoms 
of  febrility,  the  powers  must  be  aided  or  maintained  by  stimulants.  To  those  who 
have  baen  accustomed  to  much  wine  or  beer,  or  to  take  spirits,  the  surgeon  should  be 
prepared  to  administer  one  or  both  with  watchful  care. 

When  the  febrility  has  been  renewed  by  any  cause,  local  or  general,  the  local  and 
general  treatment  will  require  to  be  modified  to  meet  the  exigency  of  the  particular 
case.  The  wound  must  be  examined  for  retained  secretions  or  foreign  bodies,  and 
provision  should  be  made  for  the  escape  of  clots,  serum,  slough,  pent-up  pus,  &c. 
Foul  discharges  should  be  corrected  by  suitable  disinfectants  and  antiseptics,  as  the 
chlorinated  and  carbolised  solutions.  In  the  general  treatment  care  should  be  taken 
to  correct  any  retention  of  the  excreta,  and  complications  such  as  organic  diseases, 
erysipelas,  septicaemia,  pyaemia,  delirium-tremens,  or  tetanus,  must  be  met  by  suit- 
able remedies. 

Management  of  Patients  after  Operations. 

Owing  to  the  many  beneficial  modifications  and  improvements  which  have  been 
effected  during  the  last  three  hundred  years  in  general  as  well  as  operative  surgery, 
there  is  no  branch  of  our  art  which  has  undergone  more  amelioration  than  that  of 
the  '  Management  of  Patients  after  Operations.'  And  we  may  felicitate  ourselves 
all  the  more,  that  these  changes,  agreeably  with  all  genuine  progressive  amendments, 
are  in  the  direction  of  simplicity  and  soundness. 

If  we  briefly  delineate  the  state  of  things  after  a  severe  capital  operation  per- 
formed three  hundred  odd  years  ago,  the  student  of  the  present  day  will  then 
perceive  how  much  room  there  was  for  improvement ;  and  at  the  same  time  he  will 
be  better  able  to  appreciate  the  changes  which  must  have  been  accomplished  ere  we 
could  have  arrived  at  the  simple  a,nd  sound  after-treatment  of  our  own  time.  Take, 
for  instance,  amputation  of  the  leg.  The  poor  sufferer  has  had  the  soft  parts  of  his 
limb  severed  to  the  bone  by  one  deep  circuincisive  sweep  of  the  knife,  the  bleeding 
vessels  have  been  broadly  seared  with  the  actual  cautery  by  no  sparing  hand  ;  and, 
shocked  and  agonised  as  he  is  by  these  preliminary  steps,  there  only  remains  to  him 
the  dismal  certainty  (should  he  recover  the  shock  of  the  haemorrhage)  that  his  poor 
burnt  and  painful  stump  must  undergo  all  the  tortures  of  casting  off  its  charry 
sloughs  through  a  tedious  course  of  emjjlastrics  and  agglutinatives,  caustics  and 
repercussives,  detersives  and  mundificatives,  ere  it  can  be  pronounced  to  be,  at  its 
best,  a  tender  cone  of  thin-skinned  granulations. 

On  the  contrary,  at  the  present  time,  thanks  to  the  numerous  advances  and  dis- 
coveries wnich  have  accrued  upon  the  extended  use  of  the  ligature  (for  which  we  are 
indebted  to  Ambrose  Pare,  a.d.  1535),  and  the  subsequent  development  of  the  pro- 
cess of  union  by  primary  adhesion,  we  can  now  boast  that  our  patients  may  con- 
template operation  without  dread,  may  undeigo  its  performance  with  the  very 
minimum  degree  of  shock,  and  may  recover  from  it  tranquilly,  speedily,  and  almost 
painlessly.  In  order,  however,  to  accomplish  so  much  as  this,  many  precautions  and 
much  care  must  be  taken,  both  with  respect  to  the  wound  and  the  patient ;  and 
these  pains  are  required,  not  so  much  in  elaborating  and  doing  a  great  deal,  as  to 
keep  at  a  distance  all  the  evils  and  mischiefs  which  might  interfere  with  the  simple 
and  natural  process  of  repair.  We  cannot  impress  it  too  strongly  on  the  surgeon 
that,  in  his  after-treatment  of  operations,  his  business  should  be  to  keep  jealous 
guard  over  the  simplicity  of  the  reparative  processes  of  nature. 

After  an  operation,  the  first  care  of  the  surgeon  should  be  to  close  the  wound 
well.  We  presume  that  it  will  be  his  desire  to  promote  healing  by  primary  union  ; 
but  in  the  execution  of  this  very  proper  design,  the  surgeon  must  at  once  make  up 
his  mind  to  be  cautious  and  circumspect. 

In  wounds  of  depth  and  intricacy,  such  as  those  made  in  the  removal  of  exostoses 
and  some  deeply  attached  tumours,  and  in  wounds  communicating  with  cavities, 
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such  as  those  after  herniotomy,  lithotomy,  removing  sequestra  of  bone,  and  those 
made  by  amputating  through  abscesses,  and  in  similar  wounds,  it  would  be  positively 
mischievous  to  close  the  wound  entirely  and  attempt  to  procure  primary  union. 
Whilst  on  the  subject  of  closing  wounds,  we  will  take  leave  to  extend  our  remarks 
to  a  topic  intimately  connected  with  it,  viz.,  securing  the  bleeding  vessels.  We 
strongly  advise  that  all  bleeding  should  be  stopped  before  the  wound  is  closed  ;  and 
that,  whether  by  acupressure,  ligature  or  torsion,  every  bleeding  orifice  should  be 
compressed,  and  the  wound  finally  closed  before  the  patient  is  removed  from  the 
operating-table.  There  are  some  wounds  in  which,  for  a  short  time  after  operation, 
owing  to  faintness  or  shock,  it  must  remain  uncertain  whether  any  more  bleeding 
will  occur  ;  in  such,  of  course,  the  wound  must  be  allowed  to  remain  open ;  but  it 
should  be  closed  as  soon  as  possible  after  reaction  has  fairly  passed  its  height.  As  a 
rule,  to  revisit  and  disturb  patients  some  three  or  four  hours  after  operation  (as 
amputation),  in  order  to  close  and  dress  the  wound,  is  a  practice  as  cruel  as  it  is 
unnecessary.  Attention  to  details  such  as  these  will  diminish  the  risks  of  future 
difficulties  more  than  some  are  inclined  to  admit. 

In  '  dressing  '  the  wound  for  the  first  time,  or  indeed  at  any  time,  the  surgeon 
should  think  rather  of  how  little  than  of  how  much  he  must  take  upon  himself  to 
do,  and  of  how  little  he  need  interfere  with  the  natural  reparative  processes.1  Let 
him  be  content  to  put  as  little  dressing  about  the  wound  as  possible.  He  had  better 
put  nothing  at  all  than  too  much,  especialty  to  wounds  which  must  heal  up  from  the 
bottom.  If  the  sutures  hold  the  edges  of  the  wound  accurately  together,  in  the  in- 
stances of  those  wounds  which  are  to  heal  by  primary  union,  any  farther  means  of 
contact  should  be  rejected  as  unnecessary.  Support  should  be  given  to  the  vicinity 
of  any  wounded  part  which  may  be  subjected  to  movements  tending  to  interfere 
with  its  perfect  repose ;  for  instance,  after  ovariotomy,  resection  of  a  joint  or  after 
amputation ;  but  the  bandaging  and  pillows  must  not  be  allowed  in  any  way  to 
obstruct  drainage  from  the  wound  (if  any  be  likely  to  occur),  or  prevent  the  pre- 
servation of  perfect  cleanliness.  Perfect  repose  and  perfect  cleanliness  are  most 
absolutely  necessary  adjuncts  to  the  local  management ;  and  if  these  are  not  pre- 
served from  the  outset,  all  the  care  which  has  been  bestowed  on  the  starting  of  the 
case  will  have  been  thrown  away.  For  the  preservation  of  local  repose,  all  un- 
necessary movement  of  the  wounded  part  must  be  strictly  prohibited  :  if  our  advice 
be  followed  with  regard  to  simplicity  in  dressing  the  wound,  the  part  need  be  but 
little  disturbed  on  account  of  strapping,  bandaging,  and  cleansing.  Cleanliness 
throughout  the  local  management  cannot  be  too  strongly  insisted  upon  :  it  is  not 
enough  to  remove  dressings  as  they  foul,  and  pools  of  discharge  when  they  have 
collected;  but  the  soiling  of  the  dressings,  and  any  collections,  should  be  prevented 
by  careful  drainage  from  the  wound  and  the  liberal  use  of  such  antiseptics  as 
vegetable  charcoal,  solutions  of  carbolic  acid  in  water,  Condy's  solution,  or  the 
chlorinous  washes.  Local  bathing  should  be  employed  whenever  practicable, 
especially  in  perineal  cases  ;  and,  in  short,  anything  that  can  interfere  with  perfect 
cleanliness  about  the  wound  or  the  bed,  or  with  free  ventilation,  which  latter  must 
ever  be  associated  with  cleanliness — should  be  most  studiously  avoided.  With 
regard  to  the  application  of  ice  or  cold,  either  should  be  avoided,  on  the  principle  of 
interfering  with  natural  processes  as  little  as  possible,  unless  it  be  specially  called 
for  by  traumatic  fever  or  the  threatening  of  recurrent  haemorrhage.  The  latter  may 
be  expected  to  follow  a  sudden  rise  of  temperature. 

Sutures  should  not  be  removed  in  accordance  with  any  fixed  rule,  but  rather  at 
discretion  ;  so  long  as  they  are  innocuous  in  the  wound,  and  yet  of  service  in  keeping 
ed<*es  together,  let  them  be  retained,  for  they  will  serve  for  a  short  time  longer 
instead  of  messy  plaster. 

The  final  removal  of  ligatures  should  generally  be  deferred  until  they  have 
evidentlv  loosened  from  their  holds.  In  the  rare  instances  when  they  remain  fast  on 
beyond  the  usual  time,  traction  should  be  repeatedly  applied  \xntil  their  hold  has  at 

1  See  '  Antiseptic  Treatment  nf  Wounds  '  in  the  essay  on  \Yor>"DS. 
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last  given  way.*  Were  ligatures  always  tied  as  tightly  as  they  should  be,  accidents 
with  them  would  happen  even  more  rar*ely  than  they  do. 

Before  leaving  the  subject  of  local  management  after  operations,  we  must  nof, 
omit  to  refer  to  the  necessity  for  constant  watchfulness  to  detect  and  promptly 
evacuate  any  deep-seated  suppuration  or  secondary  abscess,  nor  must  we  fail  to 
remind  the  surgeon  that  it  is  his  business  to  be  ever  on  guard  against  the  super- 
vention of  some  secondary  affection  or  complicative  disorder. 

In  the  general  treatment,  simplicity  should  be  the  one  thing  aimed  at  as  much 
as  it  has  been  recommended  in  the  local.  The  room  or  portion  of  ward  in  which 
the  patient  is  to  live  should  be  kept  scrupulously  clean  and  ventilated.  All  un- 
necessary bedding  and  bed-furniture  should  be  strictly  prohibited.  His  bed  should 
be  so  prepared  with  regard  to  its  sheeting  and  covering  that  changes  may  be  made 
without  disturbing  or  moving  the  patient  himself.  In  some  operations,  such  as 
those  for  ovariotomy,  lithotomy,  herniotomy,  &c,  it  is  of  the  utmost  importance  to 
adopt  some  special  plan  for  facilitating  the  changing  of  the  bed-linen,  and  indeed  the 
body-linen  of  the  patient.  His  personal  cleanliness  should  also  be  attended  to  with 
the  most  scrupulous  care ;  his  linen  should  be  frequently  changed,  at  least  as  fre 
quently  as  he  will  bear  the  necessary  moving  and  exertion  ;  sponging  and  bathing 
ought  to  be  copiously  performed,  not  only  for  general,  but  also  for  local  purposes, 
especially  after  such  an  operation  as  section  of  the  perinseum  for  extravasation  of 
urine.  Excreta  should  be  methodically  carried  away  from  the  patient's  room  as 
soon  as  passed.  His  room  should  be  kept  well  ventilated  at  all  times ;  and  when 
convalescent,  he  would  benefit  by  being  removed,  if  possible,  to  another  room,  or 
even  to  another  part  of  the  ward.  With  regard  to  diet,  we  would  specially  have 
the  surgeon  on  his  guard  against  falling  into  any  extreme.  It  by  no  means  follows 
as  a  matter  of  course,  that  because  a  patient  has  undergone  an  operation  and  has  lost 
blood,  more  stimulants  and  more  nourishment  are  to  be  added  to  his  dietary ;  and, 
on  the  other  hand,  it  would  be  as  great  an  error  suddenly  to  cut  him  down  because 
he  has  just  been  relieved  of  some  consuming  disease,  or  because  of  some  vague  fear 
of  '  inflammation.'  The  surgeon  must  not  act  by  rule,  but  he  must  proportion  the 
dietary  to  the  present  exigencies  of  the  case.  After  by  far  the  greater  number  of 
operations  on  the  surface  of  the  body  or  the  extremities,  the  inclination  of  the 
patient  may  be  trusted  as  a  safe  guide ;  he  may  be  allowed  to  take  solid  and  fluid 
nourishments  as  near  in  quantity  and  quality  to  those  to  which  he  has  been  accustomed, 
as  his  altered  appetite  will  permit.  Proportionate  allowance  must  be  made  in  case 
his  appetite  has  been  exceptionally  indulged ;  and  should  he  have  been  accustomed 
to  take  excessive  quantities  of  stimulants  up  to  the  time  of  operation,  the  surgeon 
must  be  careful  so  to  proportion  the  supply  of  the  usual  stimulants,  that  he  shall 
neither  suffer  from  their  absence  nor  feel  their  presence.  Occasionally  it  happens 
that  amputation  is  performed  in  the  midst  of  the  course  of  hectic,  and  at  a  time 
when  the  sufferer  is  taking  very  large  quantities  of  stimulants  and  nourishment;  it 
would  be  highly  injudicious  in  such  a  case  to  continue  the  stimulants  at  the  previous 
rate,  and  it  would  be  equally  an  error  to  withdraw  them  suddenly ;  they  should  be 
gradually  diminished,  commencing  from  the  day  after  the  operation.  After  opera- 
tions involving  peritonaea!  or  mucous  membranes  to  any  extent,  there  is  more  reason 
for  instituting  rigid  daily  surveillance  over  the  patient's  dietary ;  for  transgression 
beyond  light,  unstimulating,  and  nutritious  articles  of  food  and  drink  may  prove  of 
the  gravest  importance. 

Besides  the  foregoing  very  important  subjects — of  cleanliness,  ventilation,  and 
diet,  which  concern  all  operation-cases  without  exception — there  are  some  special 
symptoms  which  occasionally  arise  as  immediate  consequences  of  the  operation  or  the 
action  of  the  anaesthetic,  The  events  which  we  most  frequently  meet  with  are  shock 
or  faintness,  sickness  fiom  the  anaesthetic,  retention  of  mine,  and  pain  or  restless- 
ness. 

Shock,  purely  the  result  of  the  mutilative  part  of  an  operation,  is  rarely,  if  ever, 

1  Antiseptic  ligatures  are  cut  short  and  covered  up  in  the  closed  wound.  Herein  is  one 
of  the  great  advantages  of  Lister's  antiseptic  treatment. 
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seen  at  the  present  time,  when  the  benefits  of  an  anaesthetic  are  so  very  generally 
made  of  avail.  But  there  occasionally  happens  from  the  combined  effects  of  opera- 
tion, loss  of  blood  and  the  anaesthetic,  such  a  faintness,  a  deUquvwm  so  threaten  • 
ing,  that  the  condition  is  quite  as  alarming  as  shock  itself;  and  the  worst  of  it  is, 
that  but  little  of  the  warning  of  its  approach  is  noticed  beforehand  ;  the  patient  is 
almost  suddenly  found  to  be  in  this  condition,  and  the  first  impression  is  that  too 
much  chloroform  has  been  administered.  The  faintness,  however,  continues  long 
after  the  chloroform  has  been  discontinued,  and  reaction  follows  but  slowly.  In  the 
treatment  of  this  condition  great  caution  should  be  observed,  the  impulse  being  to 
instantly  begin  an  overflowing  administration  of  brandy  and  stimulants.  Stimu- 
lants must  be  given,  and  brandy  is  the  one  most  to  be  preferred ;  but  it  should  be 
given  at  intervals,  regulated  by  the  state  of  the  pulse  ;  as  the  effect  of  the  preceding 
dose  seems  to  subside,  the  next  should  be  given,  and  so  on,  at  gradually  increasing 
intervals,  until  at  last  the  signs  of  reaction  have  become  steady  and  sure,  when  the 
remedy  should  be  discontinued.  The  administration  of  nutriments  may  be  recom- 
menced when  reaction  has  set  in,  but  they  are  worse  than  useless  during  the  first 
period  of  the  faintness ;  for  their  simultaneous  ingestion  with  the  brandy  or  stimu- 
lant most  frequently  provokes  vomiting,  and  entails  the  awkward  necessity  of  tem- 
porarily suspending  the  brandy. 

For  a  further  and  exhaustive  account  of  the  particulars  of  shock,  the  student 
may  refer  to  the  essay  on  '  Collapse.' 

Continued  sickness  from  the  chloroform  or  ether  is  another  symptom,  which  may 
happen  after  operations  ;  and  when  it  does  occur,  it  not  only  complicates  or  increases 
any  faintness  there  may  be,  but  it  sadly  interferes  with  the  repose,  and  jeopardises 
the  primary  union,  of  the  part  operated  on.  The  mischief  of  its  occurrence  would  be 
so  great  in  some  cases  (as  cataract  extractions,  <fcc),  that  the  anaesthetic  has  alto- 
gether to  be  pretermitted.  It  is  of  great  importance  always  that  the  sickness  should 
be  checked  as  soon  as  possible,  and  especially  when  it  is  a  co-evil  with  shock ;  but, 
unfortunately,  it  is  not  by  any  means  easy  to  cure.  It  must  be  remembered  that 
the  sickness  is  but  one  symptom  of  many  which  belong  to  the  same  cause :  the  de- 
pressed action  of  the  heart,  the  pale  skin,  the  extreme  languor,  and  the  sickness  own 
one  and  the  same  cause;  though  that  cause  may  possibly  be  the  compound  one 
alluded  to  in  the  remarks  on  shock.  The  treatment,  therefore,  should  be  of  suffi- 
ciently general  character  to  answer  the  double  purpose  of  maintaining  the  circulation 
and  composing  the  nervous  system,  especially  the  cardio-gastric.  There  is  no  medi- 
cine, nor  is  there  any  specific,  for  the  sickness  of  chloroform  or  ether.  If  left  alone, 
the  stomach  will  recover  by  itself,  though  the  sickness  may  last  over  many  hours. 
The  patient  should  be  kept  absolutely  quiet  and  reposed ;  the  attendant  should  be 
forbidden  to  plague  him  w.ith  frequent  interruptions  in  order  to  give  stimulants  or 
drink.  A  teaspoonful  of  brandy  may  be  given  occasionally  to  maintain  the  circula- 
tion, and  he  may  be  allowed  to  suck  small  pieces  of  ice  at  intervals.  Nourishments 
only  tend  to  increase  the  sickness,  and  therefore  should  not  be  recommenced  until 
the  sickness  has  abated.  From  our  experience  of  such  remedies  as  morphia  and 
opium,  we  cannot  advise  their  employment  :  indeed,  they  frequently  seem  to  do  more 
harm  than  good. 

Retention  of  urine  is  not  an  uncommon  event  after  some  opera  tions,  such  as  ampu- 
tation of  the  thigh,  and  operations  upon  the  rectum  or  other  pelvic  structures.  It  is 
a  well-known  fact,  and  we  only  mention  it  here,  that  the  surgeon  may  be  forewarned 
and  forearmed.  Inquiry  whether  the  patient,  has  passed  his  urine  or  not  should  be 
made  invariably  in  the  evening,  and  on  the  morning  follow  ing  the  operation ;  and  if 
necessary  the  bladder  should  be  emptied  by  means  of  the  catheter.  If  the  bladder 
is  allowed  to  go  unemptied,  the  first  night  after  operation  is  likely  to  be  a  restless 
one. 

Pain  and  restlessness  are  the  other  symptoms  after  operations  which  may  de- 
mand special  treatment.  Some  surgeons  make  it  a  practice  to  give  an  opiate  very 
quickly  after  an  operation,  in  anticipation  of  pain,  or  with  a  view  to  induce 
sleep  ;  but  the  indiscriminate  use  of  opium  in  that  way  cannot  but  have  an  injurious 
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effect  upon  the  patient ;  when  its  effect  has  subsided,  he  is  left  enervated,  restless 
and  all  the  more  sensitive  to  pain,  if  there  be  any.  The  use  of  opium  should  be 
avoided,  if  it  is  not  positively  indicated ;  for  its  action,  in  blunting  the  patient's 
sensibility  to  unimportant  impressions,  cannot  compensate  for  its  interference  with 
the  various  functions  of  the  body  at  a  time  when  their  healthy  action  is  so  necessary 
to  due  nutrition  and  excretion.  If,  however,  severe  persistent  pain  (rare  enough  after 
operations),  or  great  restlessness,  seems  to  demand  the  exhibition  of  anodynes,  opium 
or  morphia  should  be  used ;  and  one  or  the  other  should  be  given  in  full  sufficient 
quantity,  not  in  small  but  in  doses  large  enough  to  insure  the  induction  of  good 
sound  sleep.  The  subcutaneous  injection  of  a  solution  of  morphia  is  an  excellent 
mode  of  administering  it,  especially  when  the  stomach  is  nauseated  or  sick. 

The  only  remaining  subjects  of  importance  in  the  management  of  patients  after 
operations  are  those  of  traumatic  fever  and  the  disorders  which  may  happen  as  com- 
plications. But  since  they  have  been  already  fully  described  in  other  parts  of  this 
work,  it  seems  unnecessary  now  to  refer  to  them,  farther  than,  as  the  dangers  and 
difficulties  which,  in  his  '  watching '  capacity,  the  surgeon  should  ever  have  in  appre- 
hensive dread,  and  against  the  occurrence  of  which  he  should  constantly  and  intelli- 
gently remain  on  '  guard.' 

John  Croft. 
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THIS  disease  is  generally  described  as  a  powerful  and  painful  spasm  of  the  volun- 
tary muscles,  which  is  long -continued  and  uncontrollable.  The  spasm  of  the 
muscles  is  that  of  rigid  contraction,  and  from  its  constancy  and  non-intermitting 
character  it  has  been  termed  tonic.  This  spasm  continues  without  any  interval  of 
complete  relaxation,  except  in  the  last  stage  of  the  disease  previous  to  death  ; 
and  although  violently  increased  from  time  to  time  by  sudden  and  most  severe 
paroxysms,  yet  it  is  never  for  an  instant  discontinued  altogether,  so  long  as  the 
complaint  can  fairly  be  said  to  exist.  The  spasm  is  not  to  be  mistaken  for  those  of 
convulsions  which  consist  in  alternate  spasms  and  relaxations,  remitting  and  inter- 
mitting, and  often  receive  the  appellation  of  clonic. 

Tetanus  was  formerly  subdivided  into  classes,  according  to  the  predominant 
affection  of  certain  muscles,  and  thus  varieties  were  described — Trismus,  Opisthotonos, 
Emprosthotonos,  and  Pleurosthotonos  ;  afterwards  it  was  arranged  according  to  the 
probable  cause,  into  traumatic,  where  it  arises  from  injury,  and  idiopathic,  where  no 
external  or  visible  cause  is  apparent.  Again  tetanus  has  been  classed  according  to 
its  intensity,  rapidity,  and  duration,  under  the  denominations  of  acute,  subacute,  and 
chronic  tetanus.  For  practical  purposes  we  may  regard  the  disease  in  two  forms, 
recollecting  at  the  same  time  that  both  are  one  and  the  same  affection,  modified  in 
intensity  and  in  its  effects  by  some  peculiar  condition  :  1st,  the  acute  form,  which  is 
generally  met  with  after  injuries,  but  may  also  exist,  though  more  rarely,  in  the 
idiopathic  variety,  and  is  for  the  most  part  fatal ;  2d,  the  chronic  form,  the  usual  type 
of  idiopathic  tetanus,  yet  occurring  in  the  traumatic  variety  :  this  is  the  form  which 
raises  the  hopes  of  the  surgeon  and  physician,  as  recovery  may  take  place  by  judi- 
cious treatment. 

We  shall,  however,  confine  ourselves  to  one  description  of  the  disease,  viz.  the 
acute  form,  and  reserve  for  separate  consideration  such  modifications  and  deviations 
from  the  typical  affection  as  offer  any  special  peculiarities. 

Premonitory  symptoms. —  No  diagnostic  symptoms  are  associated  with  the 
approach  of  this  terrible  disease. 

The  first  evidence  of  tetanus  unfortunately  and  but  too  truly  portrays  the  un- 
mistakable nature  of  the  disease  ;  the  condition  of  the  muscles  of  the  jaw,  or  the 
aspect  of  the  patient,  at  once  announces  the  victim. 

Mr.  Morgan  1  has  given  a  very  graphic,  although  in  some  parts  somewhat  exaggerated, 
description  of  the  onset,  progress,  and  termination  of  this  disease  in  its  acute  form ;  and  as 
it  is  generally  quoted,  we  have  thought  it  better  to  transcribe  the  account  given  by  him, 
instead  of  adding  another  description  to  the  already  overstocked  number.  He  writes:  '  The 
first  derided  symptoms  will  almost  invariably  be  an  uneasy  sensation  and  stiffness  in  the 
muscles  of  the  lower  jaw  and  tongue,  which  does  not,  however,  in  the  first  instance,  amount 
to  actual  pain,  unless  the  parts  are  a  good  deal  moved  about,  and  generally  about  the  same 
time  stiffness  is  observed  in  the  back  of  the  neck.  Thus  the  first  complaint  of  your  patient 
will  often  be,  '  that  he  has  taken  a  cold,  and  is  suffering  from  a  sore  throat  and  stiff  neck ; ' 
and  therefore,  unless  the  friends  and  attendants  are  made  acquainted  with  the  importance  of 
keeping  a  strict  watch  for  the  occurrence  of  these  symptoms,  and  the  necessity  for  an  im- 
mediate application  of  remedies,  they  will  be  attributed  to  a  wrong  cause;  and  thus  the 
disease  will  be  gradually  gaining  ground  till  the  only  hope  of  safety  is  gone,  for  the  sole 
chance  of  recovery  from  the  use  of  remedies  depends  upon  their  early  application.  Some 
have  complained  of  a  violent  pain  under  the  sternum  as  a  concomitant  symptom. 

'  As  the  disease  proceeds  in  its  course,  the  patient  complains  of  difficulty  and  pain  in 

1  A  Lecture  on  Tetanus,  1833. 


SYMPTOMS. 


199 


masticating  and  swallowing  his  food;  the  lower  jaw  soon  becomes  completely  fixed  and 
closed,  and  with  every  effort  to  open  the  mouth,  the  pain,  which  is  now  continued  and 
severe,  is  increased  to  agony.  In  this  early  stage  you  will  usually  find  that  the  muscles  con- 
necting the  head  and  neck  with  the  body  are  affected,  and  that  the  concomitant  symptoms 
are  languor,  debility,  and  either  complete  or  incomplete  bending  of  the  body  backwards. 

'  The  next  symptoms  will  be  a  convulsive  cramp  in  all  the  affected  muscles,  brought  on  by 
any  attempt  to  swallow ;  and  the  very  idea  of  being  obliged  to  make  such  an  effort  excites 
an  expression  of  horror  and  distress  in  the  countenance.  Sometimes  id  the  early,  and  more 
rarely  in  the  advanced,  stage  of  tetanus,  the  stomach  will  be  sympathetically  affected,  and, 
in  consequence  of  this,  nausea  and  vomiting  will  occasionally  occur. 

'  The  next  constant  symptom  will  be  a  sudden,  violent,  and  continued  pain,  increased  at 
short  intervals  by  spasm  extending  from  the  scrobiculus  cordis  to  the  spine,  in  the  situation 
of  the  diaphragm. 

'  Shortly  after  this  symptom  has  shown  itself,  the  abdominal  muscles  will  be  constricted 
and  hardened  by  tetanic  cramp ;  and  the  contraction  of  these  parts  is  so  permanent  and 
violent,  that,  on  pressing  upon  the  abdomen,  the  muscular  fibres  convey  to  the  hand  the 
sensation  of  a  hard  board  beneath  the  skin,  rather  than  that  of  living  animal  matter. 

'  In  the  course  of  time  all  the  voluntary  muscles  partake  more  or  less  in  the  disease.  The 
head  is  thrown  back  and  fixed  by  the  powerful  contraction  of  the  extensor  muscles  of  the 
neck.  The  extremities  likewise  become  fixed  and  rigid.  The  shoulders  are  drawn  forward 
by  the  pectoral  and  deltoid  muscles ;  and  the  arms  are  either  stretched  out  or  fixed  in  a 
parallel  line  with  the  trunk,  or  drawn  across  the  abdomen.  The  lower  extremities  are 
almost  invariably  in  a  straight  position,  and  consequently  in  a  line  with  the  body.  But  not- 
withstanding the  continued  and  powerful  contraction  of  muscular  fibre  in  the  limbs,  it  will 
be  found  that  the  wrists  and  fingers  are  but  little  affected ;  the  ancles  and  toes,  however, 
suffer  occasionally  from  the  effects  of  the  disease. 

'  At  this  period  of  the  complaint  the  countenance  is  pale,  anxious,  and  contracted,  and  is 
disfigured  by  the  perverted  action  of  the  muscles,  producing  what  is  termed  "  the  tetanic 
grin  "  (Bisus  sardonicus).  The  spasms  now  become  more  violent  and  more  frequent,  and 
during  their  continuance  and  immediately  after  them  the  respiration  is  hurried  and  laborious  ; 
but  in  exceptional  cases  it  may  be  easy  and  performed  by  the  abdominal  muscles.  While 
the  spasmodic  paroxysm  lasts  the  pulse  is  generally  quick,  small,  fluttering,  and  irregular ; 
but  during  the  intervals  both  the  pulse  and  respiration  are  comparatively  tranquil. 

'  In  some  cases  the  spasm  becomes  so  violent  that  the  assistance  of  an  attendant  is 
necessary,  during  the  paroxysm  of  cramp,  to  prevent  the  patient  from  being  projected  out  of 
his  bed.  In  other  cases,  again,  the  spasms  are  less  sudden,  though  equally  strong  and 
painful,  and  consequently,  instead  of  that  jerking  contraction  of  the  muscles,  the  body  is  more 
gradually  raised  from  the  bed,  and  if  the  muscles  at  the  back  of  the  neck  and  trunk  and 
those  of  the  lower  extremities  are  the  parts  most  powerfully  affected,  then  it  often  happens 
that  the  body  at  intervals  is  drawn  into  the  form  of  a  bow,  and  in  the  recumbent  position 
the  occiput  and  heels  rest  solely  on  the  bed,  whilst  the  lower  limbs  and  trunk  curve  upwards 
to  form  a  complete  arch. 

'  It  will  frequently  happen  that,  in  consequence  of  the  continued  contraction  of  the  sphincter 
muscles  of  the  bladder,  retention  of  urine  takes  place,  and  priapism  will  occasionally  occur 
as  a  concomitant  symptom.    (This  latter  symptom  is  unusual.) 

'  The  bowels  are  in  most  cases  obstinately  constipated,  and  the  large  intestines  loaded  with 
offensive  scybalous  matter. 

'  The  secretion  of  urine  varies,  bitt  it  is  rarely  very  profuse. 

'  Towards  the  termination  of  the  disease,  the  torture  of  the  last  attack  of  spasm,  and  the 
apprehension  of  the  near  approach  of  another  paroxysm,  produce  an  expression  of  dreadful 
mental  distress  and  anguish  in  the  countenance.  The  sufferings  are  only  to  be  soothed  by 
perfect  rest  and  quietude  ;  the  slightest  attempt  at  motion  immediately  brings  on  a  new 
attack  of  spasm ;  the  opening  of  a  door,  or  the  waving  of  the  bed-curtains,  will  throw  the 
patient  into  convulsions ;  and  even  the  sound  of  that  voice  which,  on  other  occasions, 
might  have  soothed  and  smoothed  the  path  of  anguish  and  of  sorrow  to  the  grave,  will  now 
only  add  increased  agony  to  intense,  suffering.  Every  sound,  every  moving  object  in  the 
room  is  fuel  added  to  the  fire  which  is  consuming  the  life  of  the  tortured  victim. 

'  At  the  close  of  life  the  whole  face  becomes  distorted  and  disfigured,  and  the  Jarynx 
forcibly  drawn  upwards;1  the  spasm  in  the  muscles,  depressing  the  lower  jaw,  now  and  then 
alternates  for  a  moment  in  severity  with  that  by  which  their  antagonists  are  affected,  and 
thus  for  a  moment  an  aperture  is  left  between  the  jaw^s  through  which  the  tongue  is  instantly 
pushed  and  as  instantly  crushed  and  lacerated  by  the  sudden  closure  of  the  teeth  upon  it. 
If  a  large  portion  of  the  organ  should  be  thus  wounded  and  strangulated,  haemorrhage  will 
immediately  follow,  and  the  countenance  and  even  the  bed-clothes  will  be  bathed  in  blood, 
thus  giving  additional  horror  to  a  scene  in  which  the  extremes  of  mental  agony  and  intense 
bodily  suffering  appeared  indeed  to  have  done  almost  their  utmost  beforehand.  (Wound  of 
the  cheek  or  tongue  is  rare.) 

'  In  some  cases  the  last  moments  will  be  comparatively  tranquil,  for  exhaustion  and 

1  Feebleness  of  voice  often  occurs,  and  is  said  to  be  due  to  the  spasmodic  interference 
with  the  action  of  the  chest,  and  to  the  tight  shutting  of  the  jaws. 
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delirium  occasionally  render  the  patient  alike  insensible  to  pain  and  to  all  that  mental 
distress  which  was  previously  excited  by  apprehension  and  despair ;  but,  in  the  majority  of 
instances,  the  torture  of  a  paroxysm  of  spasm  terminates  at  once  the  sufferings  and  the" life 
of  a  tetanic  patient. 

'  The  intellectual  faculties  remain  unimpaired  even  to  the  last,  and  the  senses  are  perfect, 
but  sometimes  rendered  morbidly  acute.' 

Febrile  excitement  is  not  essential.  Dr.  O'Beirne  states  that  he  witnessed  about 
200  cases  ;  but  he  never  saw  one  accompanied  by  fever.  Some  elevation  of  tempera- 
ture will,  however,  generally  be  detected  with  the  thermometer  and  occasionally  a 
considerable  rise  has  shortly  preceded  death.  Profuse  perspiration  is  often  observed, 
and  especially  during  the  spasms. 

She})  rarely  occurs  in  acute  traumatic  tetanus,  and  then  only  during  a  few 
minutes,  or  in  the  intervals  between  the  exacerbations,  or  when  the  continued  con- 
traction in  these  intervals  is  not  attended  by  much  pain.  In  the  subacute  cases, 
however,  sleep  is  less  infrequent. 

The  following  varieties  have  been  noticed  in  the  characters  of  the  muscular 
spasms  : 

1.  Trismus,  or  clenching  of  the  teeth  from  spasm  of  the  muscles  of  mastication. 
This  is  so  constant  an  occurrence  in  tetanus  that  the  disease  has  received  the  special 
appellation  of  locked-jaw.  We  must  recollect,  however,  that  this  is  not  the  sole 
symptom  of  the  disease,  but  only  one  local  sign,  and  may  be  met  with  in  other  affec- 
tions ;  this  will  again  be  referred  to  when  alluding  to  the  diagnosis  of  the  disease. 
Towards  the  decline  of  tetanus,  and  where  it  is  attended  with  extreme  exhaustion 
and  prostration,  the  spasm  of  these  muscles  gives  way,  and  the  jaw  becomes  relaxed 
and  drops  open. 

2.  Opisthotonos,  when  the  body  is  bent  backwards.  This  is  the  most  common 
variety,  and  is  generally  noticed  in  the  ordinary  descriptions. 

3.  Emprosthotonos  is  when  the  body  is  bent  forwards.  This  is  very  rare,  and 
has  been  seldom  witnessed.  Aretrens  has  mentioned  it,  aud  Larrey  has  recorded 
several  cases.1  The  muscles  on  the  anterior  part  of  the  body  are  said  to  be  so  con- 
tracted as  to  bend  the  head  upon  the  chest,  to  curve  the  spine  anteriorly,  and  to 
draw  the  thighs  towards  the  belly.  In  very  severe  cases,  the  head  is  brought  into 
contact  with  the  knees,  so  that  the  body  presents  the  shape  of  a  ball  rather  than  that 
of  a  bow,  according  to  the  remark  of  Aretseus. 

4.  Pleurosthotonos  indicates  that  the  body  is  bent  laterally.  This  is  also  very 
rare.  It  has  been  observed  in  acute  cases,  but  more  frequently  in  the  chronic  forms. 
In  the  case  of  a  female,  aged  twenty-four,  at  Guy's  Hospital,  it  was  observed  to 
attack  the  right  side  more  especially  :  it  was  fatal  in  this  instance.  Sir  G.  Blane 
has  published  two  cases. 

Trismus  nascentium,  tetanus  infantum. — New-born  infants  are  subject  to  tetanus, 
and  offer  the  same  symptoms  as  are  observed  in  adults.  It  usually  makes  its  appear- 
ance about  seven  or  nine  days  after  birth,  but  may  occur  up  to  the  fourteenth  day. 
The  progress  is,  however,  more  rapid  in  some,  death  taking  place  in  ten  or  thirty 
hours  :  in  others,  life  may  be  prolonged  to  eight  or  nine  days.  It  has  been  attri- 
buted to  division  of  the  umbilical  cord,  and  hence  considered  traumatic ;  and  it 
has  been  traced  to  exposure  to  currents  of  air,  bad  ventilation,  and  unwholesome 
nutriment,  and  hence  denominated  idiopathic.  It  is  frequent  among  the  Negro 
races,  and  has  been  stated  to  be  the  chief  cause  of  depopulation  of  the  Negro  infants 
in  the  West  India  isles.  At  one  period,  the  infants  born  in  the  Dublin  Lying-in 
Hospital  died  of  tetanus,  within  the  first  fortnight,  at  a  rate  of  17  per  cent. ;  but 
when  a  better  ventilation  became  established,  the  mortality  was  reduced  to  5  per 
cent. 

Puerperal  tetanus  is  generally  of  the  acute  kind.2 

1  Larrey,  in  his  Memoires  de  Chir.  Militaire,  torn,  i.,  observed  that  if  the  wound 
happened  to  be  in  the  anterior  part  of  the  trunk,  and  tetanus  followed,  it  was  generally  in 
the  shape  of  emprosthotonos.    It  was  actually  the  most  common  form  in  the  army  of  Egypt. 

2  For  cases  of  puerperal  tetanus,  see  Dub.  Quart.  Journ.  1865;  British  Med.  Journ., 
June  and  September,  1865  ;  Med.  Times  and  Gaz.,  1865. 
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There  are  still  some  other  varieties  in  the  symptoms  which  require  to  be  con- 
sidered ;  but  these  must  be  regarded  as  exceptions  to  the  general  rule. 

Spasms  primarily  attacking  the  muscles  of  the  part  injured  instead  of  the  muscles 
of  the  jaw. — Mr.  Morgan  relates  two  cases  :  a  sailor,  a  patient  of  Guy's  Hospital, 
received  a  lacerated  wound  of  the  fleshy  part  of  the  thumb,  occasioned  by  a  splinter 
of  teak-wood,  which  had  transfixed  the  part.  This  was  forcibly  extracted  at  the  time, 
and  the  wound  healed  perfectly.  The  first  symptom  of  the  disease  occurred  about 
two  months  after  the  accident,  and  consisted  of  a  painful  neuralgic  affection  of  the 
muscles  of  the  ball  of  the  thumb,  without  any  appearance  of  inflammation  in  the 
part.  He  died,  and  on  dissection  two  pieces  of  splintered  teak  were  found  imbedded 
in  the  abductor  muscle,  and  resting  upon  a  branch  of  the  radial  nerve.  A  scholar 
received  a  blow  of  a  schoolmaster's  cane  on  the  hand.  In  this  instance  both  pain 
•  and  spasm  commenced  in  the  injured  part,  and  the  first  true  symptom  of  tetanus 
was  a  gradual  spasmodic  contraction  of  the  flexor  muscles  of  the  hand,  by  which  the 
fingers  were  drawn  into  the  palm.  The  cramp  subsequently  extended  to  the  arm 
and  other  parts,  and  eventually  terminated  fatally. 

Absence  of  pain. — Sir  G.  Blane  mentions  a  curious  case  in  which  the  spasmodic 
affections  were  unattended  by  pain  even  to  the  last  moment  of  existence.  In  this 
instance,  the  cramps  were  accompanied  by  a  tingling  and  agreeable  sensation.  The 
accesses  were  attended  by  feelings  of  pleasure,  and  a  strong  tendency  to  laughter. 

Cerebral  complications  are  very  rare  in  tetanus,  but  may  be  met  with  in  isolated 
instances ;  thus  there  occurred  six  cases  out  of  seventy-two  admitted  into  Guy's 
Hospital ;  in  three  cases  there  was  delirium,  in  two  of  which  it  came  on  towards  the 
close  of  the  disease ;  but,  in  the  third  case,  was  present  before  the  attack  supervened, 
and  entirely  subsided  directly  the  tetanus  made  its  appearance :  in  one  there  was  coma  • 
but  this  was  considered  to  be  owing  to  the  large  doses  of  morphia  administered. 

Remission  of  the  symptoms. — This  is  extremely  rare,  yet  it  has  been  noticed  in 
several  instances.  Of  sixty  cases  observed  in  Guy's  Hospitalj  four  had  this  peculi- 
arity ■  in  two  of  these  there  was  evident  relief  of  the  symptoms  for  thirteen  days, 
although  death  ultimately  ensued  from  exhaustion  ;  in  the  other  two  remission  only 
took  place  for  a  very  short  period,  viz.,  a  few  days,  and  was  succeeded  by  more 
intense  symptoms  ending  fatally.  Dupuytren  mentions  a  case  in  which  the  disease 
subsided  for  twenty-eight  days,  and  then  returned  after  an  exposure  to  cold.  M. 
Duval  mentions  some  curious  cases  in  which  the  disease  assumed  the  form  of  ano- 
malous ague,  in  one  of  which  it  was  remarked  that  both  sides  of  the  body  were 
never  affected  by  the  paroxysm,  but  regularly  alternated  in  successive  fits. 

Death  may  take  place  in  several  ways  :  During  an  exacerbation  of  spasm  impli- 
cating the  respiratory  muscles,  inducing  suffocation  ;  by  syncope  ;  and  by  exhaustion. 

The  causes  of  tetanus  may  be  arranged  under  two  heads:  1st,  the  probably  im- 
mediate and  exciting  causes ;  2ndly,  the  remote  or  predisposing  causes. 

I.  The  exciting  causes  comprise  : 

A.  Wounds  and  injuries.  Traumatic  tetanus. — There  is  scarcely  a  single  lesion 
which  may  be  said  to  be  exempt  from  its  attack,  from  the  simple  bruise  or  graze  to 
the  most  severe  compound  fracture  and  laceration.  It  woidd  be  a  waste  of  space  to 
enumerate  every  form  of  lesion  in  which  it  has  been  found  to  occur. 

The  degree  of  the  local  injury  bears  no  relation  to  the  severity  of  the  symptoms ; 
thus,  a  slight  contusion  may  be  followed  by  the  most  acute  tetanus  ;  and,  on  the 
other  hand,  a  patient  with  severe  compound  fracture  may  be  seized  with  a  mild 
attack  and  recover. 

The  following  relative  proportions,  which  the  occurrence  of  tetanus  bears  to  the 
several  surgical  lesions,  are  taken  from  cases  of  admission  observed  at  Guy's 
Hospital  during  a  period  of  seven  years.    There  were  of 


Major  and  minor  operations 

.  1,364 

cases ; 

:  tetanus  occurred  in  1 

Accidental  wounds     .    .  . 

.  594 

>> 

9 

Injuries  and  contusions  .  . 

.  856 

>! 

1 

Burns  and  scalds  .... 

456 

f> 

3 

Compound  fractures  .    .  . 

.  398 

>> 

7} 

9 

3,668 

23 
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Among  the  large  number  of  total  admissions  of  surgical  disease,  independent  of 
direct  accident,  during  the  above  period,  only  one  case  was  attacked  with  tetanus ; 
thus  showing  beyond  doubt  that  its  occurrence  is  rare  in  the  several  forms  of 
surgical  disease,  and  that  it  is  most  frequently  met  with  in  the  more  severe  varieties 
of  injury  and  accident,  such  as  compound  fractures,  burns,  and  injuries  to  the  fingers 
and  toes. 

The  situation  of  the  injury  which  has  been  especially  noticed  as  a  source  of 
frequency  by  some  authors,  by  others  is  considered  as  a  matter  of  indifference. 

Tetanus  is  found  to  set  in  at  any  period  and  in  any  state  of  wound,  and  there 
are  no  grounds  for  assuming  that  any  one  condition  is  more  favourable  to  the  pro- 
duction of  tetamis  than  another. 

The  interval  between  the  receipt  of  the  injury  and  the  first  symptoms  of  tetanus 
is  termed  by  some  the  period  of  accession  or  incubation ;  it  varies  from  a  few  hours 
to  many  days. 

It  is  asserted  and  generally  maintained  to  be  correct,  that  tetanus,  occurring  over 
twenty -two  days  after  the  injury  has  been  inflicted,  is  more  likely  to  be  recovered 
from  ;  and  that  the  more  sudden  the  onset  after  receipt  of  the  injury,  the  more  surely 
will  the  result  be  fatal ;  but,  at  the  same  time,  we  must  bear  in  mind  that  some  of 
the  severest  and  most  rapid  cases  have  occurred  where  an  interval  of  ten  days  has 
elapsed. 

Of  277  cases  there  were, 

Previous  to  the  10th  day    .    .    .    130  ca*es,  of  whom  101  died. 
From  the  10th  to  the  22nd  day   .    120    „  „      05  „ 

Above  22  daya   21    „  „       8  „ 

B.  Tetanus  arising  from  causes  unconnected  with  any  injury  or  lesion  of  surface, 
commonly  known  as  idiopathic  tetanus. 

Exposure  to  damp  and  cold  seems  to  be  the  main  cause  of  this  variety;  but 
there  cannot  be  the  least  doubt  that  in  a  great  many  of  the  traumatic  cases  this  cause 
has  played  an  essential  part  in  inducing  the  disease,  and  although  the  majority  of 
such  cases  are  enumerated  as  traumatic,  yet  they  should  constitute  an  intermediate 
variety.  Among  the  vicissitudes  of  temperature  as  a  cause,  the  following  are  worthy 
of  note  :  plunging  into  a  warm  bath  whilst  heated;  falling  into  a  river  in  a  state  of 
perspiration,  and  during  the  flow  of  catamenia ;  sudden  change  from  the  heated 
atmosphere  of  a  ball-room  to  the  external  air  ;  in  hot  countries  exposure  to  the 
chilly  night-air  and  dew  ;  also  exposure  to  the  cold  and  moist  breezes  from  the  sea  ; 
sleeping  in  the  open  air  all  night  in  a  fit  of  intoxication  ;  sleeping  on  the  ground 
after  fatiguing  marches  under  a  broiling  sun  :  sleeping  in  confined  and  ill-ventilated 
apartments ;  breathing  a  contaminated  or  miasmatous  atmosphere.  Hennen  lays 
less  stress  on  the  agency  of  cold  than  on  that  of  air  in  motion,  for  all  the  cases  that 
fell  under  his  own  observation  had  been  exjiosed  to  a  stream  of  air  either  hot  or 
cold. 

II.  The  predisposing  causes,  although  remote,  must  necessarily  be  taken  into 
consideration. 

Aye. — Tetanus  occurs  at  every  period  of  life. 

Of  regular  tetanus,  the  youngest  case  on  record  is  twenty-two  months,  and  the 
oldest  seventy-five  years  of  age.    Of  449  cases,  there  were 

Under  10  years  of  age    ....      29  cases 

Between  10  and  30  years  of  age  .  261    „   nearly  CO  per  cent. 

30  and  50  "  „        „     .  122  „ 

Over  50  years  of  age  37  „ 

Sex. — The  ancients  considered  females  to  be  more  frequently  affected,  but  less 
severely,  than  males.  This  docs  not  accord  with  the  experience  derived  from  the 
returns  at  Guy's  Hospital  :  for  out  of  72  cases  of  this  disease,  12  occurred  in  females, 
being  16-60  per  cent.,  and  all  were  fatal;  60  attacked  males,  bearing  an  average  of 
5  of  the  latter  to  one  of  the  former. 

Taking  a  more  extensive  general  average,  deduced  from  449  collected  cases,  it 
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appears  that  males  are  more  frequently  attacked  in  a  ratio  of  about  7^  to  one 
female. 

Constitution,  habits,  previous  health,  <tc. — Is  there  any  peculiarity  in  the  state  of 
the  constitution  1  Hunter  seemed  to  think  so  :  he  says  :  '  But  every  thing  relative 
to  locked-jaw  does  not  arise  from  irritation  of  the  wound  itself,  neither  from  inflam- 
mation nor  symptomatic  fever ;  for  in  such  states  the  constitution  is  not  disposed  to 
it.  It  arises  from  an  irritable  habit,  which  may  be  increased  or  produced  by 
irritation,  but  not  such  as  is  capable  of  producing  inflammation.  There  must  be  a 
disposition  for  the  disease ;  thus,  madness  is  produced  from  the  slightest  causes  when 
the  mind  is  predisposed :  so  it  is  in  agues  and  fevers,  the  constitution  being  particu- 
larly predisposed  at  the  time  to  such  diseases.' 

Sufficient  attention  has  not  been  paid  to  this  subject  to  insure  any  satisfactory 
conclusion ;  it  appears  that  the  veiy  quiet  and  cheerful,  the  very  irritable  and  excit- 
able, the  strumous  and  fair,  are  alike  equally  liable,  and  in  each  is  the  disease  alike 
equally  fatal. 

Condition  of  body. — Tetanus  likewise  attacks  the  healthy  as  well  as  the 
unhealthy,  the  emaciated  as  well  as  the  robust  and  well -developed,  the  spare  as  well 
as  the  muscular. 

Habits  of  life. — There  is  much  difficulty  in  arriving  at  any  definite  conclusion 
concerning  this  point ;  it  has,  however,  attacked  the  temperate  as  well  as  the 
intemperate,  and  the  dissipated  as  well  as  those  who  have  hived  soberly. 

Hygienic  causes. — Dr.  Dickson  1  remarks  :  '  I  trust  I  am,  therefore,  justified  in 
inferring  that  to  the  inprovements  in  the  medical  and  surgical  treatment  of  wounds, 
in  cleanliness  and  ventilation,  avoiding'  at  the  same  time  exposure  to  currents  of  cold  air, 
or  sudden  changes  of  temperature :  in  fine,  to  superior  diet  and  accommodation,  but 
particularly  to  the  greater  attention  paid  to  the  state  of  the  bowels,  may  be  attributed 
the  great  infrequency  of  tetanus  of  late  in  the  West  Indies,  when  compared  with 
former  wars.' 

Races. — Europeans  are  said  to  be  peculiarly  exempt  from  the  disease,  whether  in 
their  own  country  or  in  Tndia  ;  and  the  negro  to  be  more  liable  to  it  than  the  white 
race.  Air.  Peat,  in  his  essay  on  tetanus  in  the  East  Indies,  gives  the  following 
percentage  of  its  occurrence  among  the  various  castes,  viz.  :  Hindoos  T63  per  cent., 
Mussulmans  P09  per  cent.,  Parsees  1  005  per  cent.,  and  Christians  0  75  per  cent. 
Natives  of  warm  climates  are  greatly  susceptible. 

Climate  and  influence  of  season  in  the  production  of  tetanus. — The  occasional 
simultaneous  occurrence  of  several  cases  of  tetanus  in  our  metropolitan  hospitals 
after  intervals  during  which  few  or  none  have  been  observed,  is  suggestive  of 
meteorological  influences  in  the  causation  of  this  terrible  disorder.  Respecting  the 
separate  months  of  the  year  in  which  it  occurs,  little  can  be  gathered  :  it  seems  to  be 
as  frequent  in  one  month  as  another  :  so  also  in  respect  to  the  seasons  of  the  year, 
for  it  is  found  to  be  developed  in  the  cold,  temperate,  and  warm  months  in  an  equal 
ratio.    The  same  results  are  observed  in  the  cases  occurring  in  the  East  Indies. 

Diagnosis. — We  must  not,  however,  mistake  purely  local  diseases  inducing 
trismus,  for  the  actual  disease  itself :  in  all  the  spurious  forms  the  contraction  of 
the  muscular  fibre,  although  constant,  is  never  increased  by  painful  and  distressing 
paroxysms  of  spasm :  and  generally,  if  the  exciting  cause  be  removed  at  an  early 
period,  the  complaint  will  disappear.  This  is  often  observed  in  diseases  of  the 
alveoli  from  carious  teeth,  in  ulceration  of  the  gums  and  mucous  membrane  of  the 
mouth,  jcc. :  also  in  children  during  the  period  of  dentition. 

Tetanus  may  be  mistaken  for  hydrophobia,  in  consequence  of  the  spasms  in 
tetanus  now  and  then  affecting  the  muscles  of  deglutition,  inducing  a  fear  of 
swallowing  from  its  exciting  spasmodic  action,  and  giving  ri-e  to  a  dread  of  fluids. 
The  leading  symptoms  of  the  two  diseases  are  contrasted  in  the  following  somewhat 
artificial  table : 2 

1  yied.-Chir.  Trans,  vol.  vii.  p.  465. 

2  In  Dr.  Ogle's  collection  of  cases  of  tetanus,  occurring  at  St.  George's  Hospital,  he  mentions 
'Case  5  as  one  of  combined  tetanus  and  hydrophobia."    See  British  and  Far.  Med.  Bemew, 
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Hydrophobia. 

.  Spasm  of  muscles  clonic:  intervals  of  j 
rest  and  quietude,  the  jaw  being  relaxed, 
and  opening  and  shutting  readily. 

Cause,  the  bite  of  a  rabid  animal,  and  it 
rarely  appears  before  the  thirtieth  day. 


The  bite  of  hydrophobic  animals  must 
have  communicated  the  disease  when  it 
exists. 

Countenance,  hydrophobic :  an  expression 
of  excitement,  fearful  distress,  and  peculiar 
restlessness,  never  to  be  forgotten ;  occa- 
sionally frightfully  convulsed  :  eyes  bright  1 
and  glistening,  but  at  times  suffused. 

Thirst  and  aversion  to  fluids  characteris- 
tic: even  the  sight  or  noise  of  fluids  induces  ! 
paroxysms  ;  with  frequent  and  viscid  dis- 
charges of  saliva :  efforts  to  disengage  it 
inducing  barking  and  vomiting. 

Vomiting  and  gastric  pains  general. 

Mind  subject  to  rabid  impulses  and  num-  j 
berless  deviations,  passing  to  delirium.  ( 

Xo  authentic  case  of  recovery. 

Hyperaesthesia  of  surface  and  organs  of  ! 
special  sense. 


Idiopathic  tetanus  has  been  mistaken  for  rheumatism,  and  treated  accordingly. 

In  a  temperate  climate,  a  sudden  accession  of  tetanic  symptoms  of  great  severity 
and  running  their  course  rapidly,  in  a  person  who  has  received  no  local  injury,  nor 
been  exposed  to  cold  and  damp,  would  create  a  strong  suspicion  of  poisoning.  Thus 
Chetik,  a  poison  prepared  from  the  juice  of  a  large  twining  shrub,  a  species  of 
strychnos.  produces  artificial  tetanus. 

Strychnia,  however,  is  the  poison  with  which  we  are  most  familiarly  acquainted, 
as  bearing  the  closest  analogy  in  its  symptoms  and  effects  with  those  of  tetanus. 
The  symptoms,  as  it  affects  man,  are  agitation,  trembling,  tetanic  convulsions,  spine 
and  neck  bowed,  arms  stretched  out,  hands  clenched  :  the  stiffness  when  once  set  in 
never  entirely  disappearing :  recurrence  of  first  paroxysms  and  reappearance  of 
jerking  rigidity  :  retraction  of  muscles  of  mouth  and  face  :  the  countenance  suffused 
and  red,  and  the  pupils  dilated.  The  patient  ran  open  the  mouth  and  swallow  ; 
there  is  no  loeked-jaw,  but  spasm  of  the  respiratory  muscles  ;  terror  of  suffocation  ; 
laryngismus  early,  sudden,  and  intense  :  consciousness  retained  to  the  last :  senses 
unnaturally  acute  :  calmness.  The  time  of  acting  is.  in  small  doses,  half  an  hour  to 
an  hour:  in  large  doses,  about  ten  minutes.  In  large  doses,  death  ensues  in  a 
quarter  of  an  hour :  in  small  doses,  froni  half  an  hour  to  an  hour. 

Hysteria,  combined  with  spasm,  called  hysterical  tetanus,  occurs  in  females. 
There  is  no  instance  of  a  fatal  termination  of  this  affection.  The  representation  is 
often  so  faithful,  that  many  instances  of  reputed  examples  of  successful  treatment  of 
tetanus  have  been  merely  conquest  over  hysterical  spasms. 

Epileptic  convulsions  are  attended  always  with  entire  loss  of  consciousness,  and 
hence  are  distinct  from  the  convulsions  of  tetanus.    This  symptom  often  precedes  the 

October.  1568.  p.  485.  He  remarks :  1  This  case  is  one  which  seems,  to  a  certain  desree,  to 
link  together  all  the  three  forms  of  disease — hydrophobia,  tetanus,  and  epilepsy — under  one 
common  pathological  classification.  Given,  excessive  irritability  of  the  common  spinal  centre, 
arising  from  agents  acting  either  centrally  or  peripherally  through  the  centripetal  nerves,  we 
have  resultinsr  from  the  application  of  any  suitable  exciting  stimulus  an  irritation,  motor 
action,  or  spasm,  which  may  either  be  of  the  general  muscular  system,  as  in  epilepsy  ;  or  of 
particular  regims.  as  those  of  the  jaw,  neck,  throat  or  back,  as  in  tetanus;  or  more 
especially  of  the  throat  and  pharynx,  as  in  the  present  case  of  hydrophobia,  the  spinal  de- 
rangement being  attended  by  cerebral  disturbance,  as  in  the  present  instance,  with  mental 
delusions  and  even  mania.' 


Tetanus. 

Spasm  of  muscles  tonic,  and  never  inter- 
mitting. Constant  rigidity  of  the  muscles 
of  the  jaw.  which  becomes  gradually  fixed 
and  closed. 

The  cause  is  frequently  exposure  to  cold 
or  a  wound,  rarely  from  the  bite  of  an 
and  the  disorder  generally  occurs 
soon  after  the  injury. 

The  bite  of  a  tetanic  animal  does  not 
produce  tetanus. 

Countenance,  tetanic  :  drawing  up  of  the 
nose  ;  wrinkling  of  the  forehead :  angles  of 
the  mouth  drawn  towards  the  cheek-bone, 
presenting  a  frightful  risus  sardonicus. 
There  is  an  expression  of  pain,  but  the  eyes 
are  natural. 

Xo  great  thirst,  and  in  general  no  great 
aversion  to  fluids  adininistered  in  small 
quantities :  rarely  any  discharge  of  saliva. 

Vomiting  and  gastric  pains  rare. 
Mind  generally  clear  to  the  last. 

Recovery  in  idiopathic  forms. 
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spasmodic  attack  ;  the  muscles  of  respiration  are  early  affected,  and  cerebral  conges- 
tion and  imperfect  oxygenation  of  the  blood  result. 

Apoplexy  never  produces  tetanic  convulsions.  However,  Dr.  Copland  remarks 
one  form,  'convulsive  apoplexy,'  where  the  membranes  have  become  involved,  giving 
rise  to  tetanic  rigidity  of  the  muscles,  more  particularly  those  of  the  neck  or  limbs, 
with  various  convulsive  movements. 

Morphia  sometimes  causes  convulsions,  but  these  are  of  an  epileptic  character, 
and  long  in  their  development. 

In  acute  traumatic  cases  the  prognosis  is  most  unfavourable,  and  there  is  scarcely 
a  well-authenticated  instance  of  recovery  on  record. 

In  subacute  cases  of  the  traumatic  variety  recovery  does  sometimes  take  place, 
and  especially  when  there  is  a  long  interval  between  the  injury  and  its  accession,  and 
where  the  symptoms  set  in  mild  and  pursue  a  slow  course,  gradually  advancing  in 
extent  and  severity. 

In  the  idiopathic  variety,  where  it  does  not  assume  an  acute  and  rapid  form,  the  prog- 
nosis is  for  the  most  part  favourable,  and  we  may  always  hope  for  a  chance  of  recovery. 

Taking  all  forms  together,  in  a  fair  average  number  of  cases  the  proportion  seems 
to  be  7t?  deaths  to  one  recovery. 

The  duration  of  the  disease  will  be  gathered  from  the  following  record  of  327 
fatal  cases : 


Within  2  days  ....     70  cases  fatal. 
From  2  to  5  days  .    .    .    104    „  „ 
„    5  to  10  „        .    .     90    „  „ 


From  10  to  22  days  ...  43  cases  fatal. 
Above  22  days  11     „  „ 


Thus  the  mortality  up  to  the  fifth  day  is  equal  to,  or  even  higher  than,  all  the  remain- 
ing cases  included.  The  most  rapid  death  has  been  in  from  four  to  five  hours,  and 
the  longest  duration  on  record,  in  a  fatal  case,  is  thirty-nine  days. 

This  return  will  considerably  modify  the  statement  generally  made,  viz.,  that  if 
tetanus  continue  over  a  period  of  twenty-two  days,  a  favourable  issue  is  to  be  ex- 
pected, and  recovery  almost  certain. 

The  post-mortem  appearances  are  vague  and  unsatisfactory  in  the  extreme,  and  it 
is  difficult  to  decide  whether  the  actual  condition  observed  is  virtually  a  morbid 
lesion  essential  to  the  disease,  or  an  alteration  due  to  other  circumstances,  such  as  the 
mode  of  dying,  or  a  mere  cadaveric  alteration. 

We  shall,  however,  cursorily  survey  the  more  prominent  conditions  that  are  met 
with  : 

The  body  is  usually  found  rigid,  and  the  muscles  flrm  and  contracted,  and  occa- 
sionally ruptured,  but  in  some  there  is  no  rigidity  at  all. 

The  nerves  at  the  seat  of  the  wound  may  be  found  inflamed,  injected,  irritated, 
lacerated  or  punctured  ;  yet  in  other  cases  perfectly  healthy  and  uninjured  :  and  in 
one  case  the  divided  nerve  had  reunited  and  was  not  inflamed. 

The  brain  has  been  found  to  be  healthy,  firm,  congested,  darker  than  natural, 
pinkish,  &c. 

The  medulla  oblongata  has  been  likewise  found  in  a  healthy  or  congested  state ; 
but  some  observers  have  noticed  a  change  in  the  density  and  specific  gravity  of 
different  portions  of  the  spinal  cord.  The  specific  gravity  was  found  increased 
throughout,  and  generally  about  the  region  of  the  cord  which  was  in  immediate 
communication  with  the  nerves  of  the  wounded  parts.  In  the  idiopathic  variety  this 
change  was  found  throughout  the  whole  cord. 

Lockhart  Clarke,  in  his  communication  '  On  the  Pathology  of  Tetanus,'  in  vol. 
xlviii.  of  the  '  Medico-Chir.  Trans.,'  observes  that  'in  six  cases  the  spinal  cord  ex- 
hibited lesions  of  structure  of  different  kinds,  and  frequently  of  surprising  extent.  It 
seems  to  consist  precisely  of  disintegration  and  softening  of  a  portion  of  the  grey 
substance  of  the  cord,  which  appeared  in  certain  parts  to  be  in  a  state  of  solution. 
The  fluid  thus  formed,  however,  is  at  first  more  or  less  granular,  holding  in  suspen- 
sion the  fragments  and  particles  of  the  disintegrated  tissue,  but  in  many  places  it  is 
perfectly  pellucid.' 
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He  asks  whether  the  structural  lesions  and  disintegration  of  tissue  are  the  effects 
of  the  functional  excitement  of  the  cord  manifested  in  the  tetanic  spasm  1  or  are  they 
the  cause  of  the  spasms'?  He  negatives  the  former  question,  and  as  to  the  latter  he 
states  that  they  are  not  the  direct  or  sole  cause,  since  in  those  cases  of  paralysis  in 
which  similar  lesions  exist  they  do  not  give  rise  to  tetanic  spasms  or  convulsions. 

He  believes  that  the  lesions  depend  on  the  conjoint  operation  of  injury  of  the 
peripheral  nerves  with  hyperemia  and  a  morbid  state  of  the  blood-vessels  of  the  cord, 
and  the  resulting  exudations  and  disintegrations. 

Dr.  Dickinson,  in  vol.  li.  of  the  '  Med.-Chir.  Trans.'  p.  265  et  seq.,  has  given  a 
very  accurate  description  of  the  spinal  cord  in  a  case  of  traumatic  tetanus  in  a  man 
aet.  25,  who  died  in  18^  hours  :  '  The  cord  presented  three  remarkable  enlargements, 
one  in  the  cervical  and  two  in  the  lumbar  region.  The  morbid  changes  were  :  1.  A 
general  intense  injection  of  the  cord,  with  dilatation  of  the  blood-vessels  in  the  grey 
matter  more  than  the  white,  and  in  the  left  posterior  horn  more  than  in  the  rest  of 
the  grey  matter ;  2.  A  structureless  transparent  exudation  had  been  poured  out 
around  the  blood-vessels  in  many  situations,  and  by  its  forcible  intrusion  into  the 
tissue  had  torn  the  cord  in  many  situations,  and  had  been  the  chief  cause  of  the 
extended  swellings  by  the  displacement  it  occasioned ;  3.  There  were  certain  cir- 
cumscribed changes  in  the  white  columns.' 

Plates  are  given  in  the  original  paper  which  show  fully  the  appearances  enumerated 
in  the  above  remarks. 

The  blood  is  generally  found  uncoagulated ;  but  in  other  instances  the  blood  in 
the  heart  has  been  found  tirmly  coagulated,  the  coagula  extending  up  the  arteries  and 
decolorised.  There  has  been  no  satisfactory  examination  of  the  state  of  the  blood, 
either  pathologically  or  chemically. 

Much  stress  has  been  laid  on  the  state  of  the  heart,  as  a  means  of  diagnosis  of 
death  from  tetanus ;  but  it  may  assume  every  possible  condition,  and  is  generally 
only  an  indication  of  the  mode  of  death  of  the  individual. 

In  one  case,  that  of  a  boy,  set.  11,  who  died  of  acute  tetanus,  the  voluntary 
muscular  fibre  under  the  microscope  was  found  very  granular,  resembling  that  of  the 
heart  undergoing  degeneration  ;  otherwise,  in  the  majority  of  cases,  no  change  has 
been  found  in  the  muscles. 

The  lungs,  larynx,  and  alimentary  cvnal  present  no  other  appearances  but  what 
are  due  to  accidental  causes  and  the  modes  of  dying. 

From  the  foregoing  remarks  on  the  morbid  anatomy,  it  must  be  understood  that  the 
pathology  is  still  involved  in  great  obscurity.  Some  affirm  tetanus  1o  be  an  irritation  of  a 
peculiar'kind,  and  affecting  the  excito-tnotory  apparatus ;  that  the  irritating-  cause  may  be 
eccentric  at  the  extremity  of,  or  in  the  course  of  the  alferent  spinal  nerve,  or  it  may  be  ec- 
centric within  the  spinal  canal  itself.  Some  consider  it  to  be  an  exaltation  of  the  polarity 
of  the  cord  and  medulla.  Others,  again,  maintain  it  to  be  identical  with  inflammation  of  the 
spinal  cord  and  medulla  oblongata,  and  adduce  cases  of  inflammation  of  such  structures  as 
inducing  symptoms  of  tetanus. 

It  has  been  suggested  that  it  is  due  to  a  morbid  condition  of  the  hlood,  inasmuch  as  it 
resembles  in  some  respects  those  diseases  which  are  produced  by  poisonous  agents,  as  strych- 
nine, hydrophobia,  the  poison  of  woorara,  &c. 

Dr.  B.  Kichardson,  in  the  Trans,  of  the  Epidem.  Soc.  of  London,  vol.  i.  p.  28,  on  the 
theory  of  zymosis,  refers  to  the  question  of  tetanus,  as  belonging  to  the  zymotici.  '  In  this 
disease,  the  poison,  in  my  opinion,  is  first  developed  in  the  wound  as  a  result  of  decomposi- 
tion. Thence  carried  into  the  circulation,  the  new  substance,  without  any  necessary  increase 
of  its  own  parts,  excites  a  zymosis,  ending  in  the  production  of  an  alkaloidal  or  alkaline  body, 
which  has  all  the  power  of  exciting  the  symptoms  of  spasm  as  much  as  strychnine  itself.' 

The  reviewer  of  the  article  '  Tetanus  '  in  Ueynolds's  System  of  Medicine,  in  the  British 
and  Foreign  Med.-Chir.  Review,  vol.  xlii.  p.  297,  says :  'The  author  does  not  attempt  to 
trace  any  connection  between  the  acknowledged  causes,  cold  and  damp  and  wounds,  and  the 
production  of  such  a  fearful  consequence  in  only  a  few  cases.'  '  With  regard  to  its  relation* 
to  hydrophobia  and  analogy  of  the  latter  to  that  of  snake  bites,  may  not  the  connecting 
link  between  chilled  wounds  and  spasmodic  paroxysms  be  an  animal  poison  generated  in  the 
•wound  during  the  process  of  healing  ?  And  being  an  animal  poison  therefore  poisonous,  in 
extremely  minute  doses  ?  And  being  an  animal  poison,  therefore  latent  in  the  system  for 
long  periods  ?  And  being  an  animal  poison,  therefore  specially  fatal  to  the  nervous  system  ? 
The  greater  tendency  of  punctured  and  closed  wounds  to  cause  tetanus  is  very  suggestive  of 
the  needle-like  serpent's  fang,  and  the  frequent  triviality  of  the  dog's  bite,  which  are  the 
more  deadly  the  less  blood  flows.' 
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Dr.  Copland  justly  observes  : 1  'If  the  difficulty  of  ascertaining  pathological 
conditions,  upon  which  all  rational  indications  of  cure  should  be  based,  be  so  great  in 
this  malady  as  hot  to  have  hitherto  been  overcome,  can  it  be  a  matter  of  surprise 
that  the  means  which  have  been  resorted  to,  both  by  physicians  and  by  surgeons,  in 
its  treatment,  have  been  most  opposite  in  their  effects,  the  most  different  in  their 
natures,  and  in  every  respect  most  empirical  and  uncertain  1  In  this  state  of  our 
knowledge,  it  would  be  better  to  leave  nature  to  her  unaided  efforts,  to  observe 
closely  and  accurately  what  is  the  true  procession  of  changes  and  of  their  manifesta- 
tions, and  to  ascertain  the  seats  and  the  extent  of  lesion,  as  soon  after  death  as  may 
be  attempted  with  propriety.' 

It  will  be  well,  however,  shortly  to  enumerate  the  several  methods  of  treatment 
that  have  been  adopted  and  recommended.  Each  and  all  have  had  their  advocates, 
inasmuch  as  recovery  has  taken  place  after  their  use,  and  the  disease  has  been  con- 
sidered to  be  checked  in  consequence.  It  is  questionable  in  the  extreme,  as  to  the 
agency  and  potency  of  remedies  successfully  employed  in  isolated  and  rare  instpaices, 
when  these  same  are  utterly  powerless  in  the  majority  of  other  cases  so  treated.  Of 
the  local  treatment  which  has  been  had  recourse  to,  the  following  maybe  enumerated. 
Incising  and  laying  open  the  original  wound,  and  removing  all  extraneous  and  irri- 
tating substances ;  amputation  of  the  limb  ;  stretching  and  division  of  the  nerves  at 
or  about  the  seat  of  the  wound  ;  the  local  application  of  numerous  counter-irritants,2 
sedatives,  anti-spasmodics,  mercurials,  &c. ;  the  application  of  leeches,  cold,  aconitina, 
belladonna,  &c,  to  the  spine ;  various  topical  remedies  to  the  abdomen  and  region  of 
the  diaphragm  ;  warm,  cold,  and  shower  baths ;  electricity  and  galvanism. 

The  constitutional  treatment. — Almost  every  internal  remedy  has  been  success- . 
ively  tried,  and  no  one  individual  medicine  has  been  singled  out  as  an  appropriate 
means  of  cure ;  thus  antiphlogistics,  including  blood-letting,  purgatives,  calomel, 
antimony,  colchicum,  &c.  have  been  extensively  used ;  alteratives  in  the  shape  of 
the  varied  preparations  of  mercury,  large  doses  of  fixed  alkalies,  solutions  of  arsenic, 
&c.  ;  diuretics,  in  the  form  of  tincture  of  cantharides,  oil  or  spirits  of  turpentine, 
given  in  frequent  and  large  doses,  so  as  to  irritate  the  urinary  passages  or  to  occasion 
bloody  urine  :  sedatives,  such  as  digitalis,  tobacco,  nicotina,  hydrocyanic  acid,  aconi- 
tina ;  3  anodynes  and  narcotics,  as  opium,  morphia,  belladonna,  colchicum,  cannabis 
indica,  ether  and  chloroform  internally  and  by  inhalation  ;  stimulants  and  antispas- 
modics, including  musk,  ammoniacum,  camphor,  turpentine,  assafcetida,  castor,  wine 
and  other  stimulants ;  tonics,  such  as  quinine,  bark,  strychnia,  iron,  zinc,  &c.  ;  hygie- 
nics and  dietetics,  as  support,  milk-diet,  &c.  ;  injections  into  the  veins  of  solutions  of 
opium,  stramonium,  etc.  ;  tracheotomy  and  laryngotomy.  The  extract  of  Calabar 
bean,  in  sufficient  doses  to  paralyse  the  voluntary  muscles,  has  been  attended  with 
success,4  although  it  has,  on  the  other  hand,  failed  very  frequently.  Although  there 
is  no  specific  remedy  that  can  be  relied  upon,  yet  inasmuch  as  some  remarkable  re- 
coveries have  taken  place  from  the  use  of  certain  medicines,  we  should  at  once  select 
one  of  these  well-recognised  agents  and  fully  carry  out  the  treatment  with  energy, 
whether  it  be  the  use  of  chloroform,  the  administration  of  the  tincture  of  aconite, 
the  Calabar  bean,  quinine,  morphia,  &c,  the  hypodermic  injection,  or  the  application 
of  curara. 

We  do  not  intend  to  offer  any  remarks  on  the  foregoing  remedies,  but  merely  add 
that  we  can  hardly  call  the  above  medicines  administered,  even  although  attended 
with  recovery,  '  remedies  ; '  they  appear,  for  the  most  part,  to  have  little  or  no  specific 
action  in  the  control  of  the  disease.  Those  remedies  which  have  had  a  more  direct 
influence  have  been  such  as  have  rendered  the  paroxysms  less  severe,  and  more 

1  Art.  '  Tetanus,'  Diet.  Tract.  Med. 

-  The  application  of  blisters  to  excite  a  renewal  of  the  discharge  in  the  wound.  Sub- 
cutaneous injections  of  atropine  and  other  powerful  remedies  have  been  tried  and  found 
useful. 

3  See  cases  of  recovery  by  Fleming's  tincture  of  aconite,  Brit,  and  For.  Med.-Chir. 
Review,  1859,  vol.  xxiii.  p.  486. 

4  See  Remarks  and  Cases  by  Dr.  E.  Watson,  Lancet,  March  2,  1867. 
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enabled  the  patient  to  resist  the  exhaustion  caused  by  spasmodic  action.  We  must 
recollect  that  tetanus  runs  a  certain  course  ;  it  has  its  period  of  accession,  its  height 
and  intense  activity,  and  its  gradual  decline.  It  often  kills  by  exhaustion  during  its 
decline.  Nothing  seems  to  check  its  regular  course ;  there  is  no  control  in  its  un- 
varying and  too  often  fatal  career  :  it  will  have  its  way.  All  we  can  do  is  to  enable 
our  patient  to  weather  out  the  storm  by  giving  hitu  as  much  strength  as  possible, 
and  not  adding  fuel  to  the  fire  by  all  sorts  of  applications  and  internal  remedies 
which  have  over  and  over  again  signally  failed.  If  we  can  help  our  patient  on  one 
day  after  another,  we  gain  much ;  constant  watching  and  constant  attention  are  re- 
quired, by  night  as  well  as  by  day  ;  an  unflinching  perseverance  on  the  part  of  the 
sufferer  in  carrying  out  these  views ;  besides  the  avoidance  of  all  causes  of  excitement 
and  more  especially  cold  air  or  winds;  taking  care  to  preserve  a  uniform  tempera- 
ture as  much  as  possible. 

The  following  opposite  opinions  are  here  quoted  : 

John  Hunter  thus  sums  up  his  views  on  the  treatment  of  tetanus  : 1  '  All  the 
antispasmodics  have  been  given,  but  without  apparent  success  ;  opium  has  kept  its 
ground  the  longest,  but  with  little  reason,  as  it  only  quiets  ;  but  from  some  patients 
having  got  well  under  its  use,  its  name  has  been  raised ;  I  have  tried  it,  both  in 
lar-ge  and  small  doses,  though  always  unsuccessfully.  I  think  medicines  have  no 
power  without  they  produce  some  visible  effect.  Opium  never  removes  the  cause, 
though  it  will  prevent  the  effects ;  it  cures  spasms  and  removes  pain,  but  it  does  not 
remove  the  cause.  It  often  does  good,  by  not  allowing  the  symptoms  to  do  harm 
to  the  constitution.  The  first  appearance  of  a  cure  is  a  recovery  of  strength,  as 
-weakness  is  a  predisposing  cause ;  and  the  first  indication  should  be  to  strengthen 
the  system.    I  know  of  no  internal  medicine.' 

Travers  observes  :  2  '  Now  the  treatment  of  tetanus  admits  of  the  employment  of 
two  classes  of  remedies,  relaxants  and  tonics.  They  are  in  no  degree  incompatible, 
but  common  sense  would  lead  us  to  endeavour  first  to  calm  a  wrong  action,  and 
having  succeeded  in  calming  it,  then  to  apply  our  tonic  for  the  restitution  and  pre- 
servation of  the  right  one.  Perhaps  the  tonic  may  be  the  calming  power  we  ought 
to  employ  in  a  case  so  rapidly  destructive  to  life  as  the  really  acute  tetanus ;  but  our 
limited  experience  does  not  warrant  the  conclusion.' 

We  cannot  finish  this  article  without  adverting  to  the  recent  attempts  at  cure  by 
means  of  the  woorara  poison.  Mr.  Morgan,  in  his  work  on  tetanus,  offered  the  follow- 
ing suggestion  as  a  means  of  cure  in  this  disease.  He  writes  :  '  There  is  a  close  analogy 
between  tetanus  and  some  other  spasmodic  affections  produced  by  the  inoculation  of 
poisons.  Almost  eveiy  symptom  of  tetanus  may  be  produced  in  animals  by  a 
poisoned  wound  from  chetik,  a  species  of  strychnos.  It  occurred  to  me,  that  if  I 
could  obtain  an  equally  active  poison  which  produced  diametrically  opposite  effects, 
I  might  be  able  to  control  the  effects  of  the  one  by  the  operation  of  the  other  (con.- 
traria  cvntrariis}.  The  ticunas  or  wourali  was  found  to  have  this  effect,  and  I 
could  readily  control  the  severity  of  the  spasms  and  prolong  life  by  the  subsequent 
inoculation  therewith.  In  more  than  one  case  I  have  perfectly  restored  the  animal 
to  health  by  bringing  this  antidote  into  operation  as  soon  as  the  first  effects  of  the 
chetik  were  observed,  and  regulating  its  after-consequences  by  partially  or  altogether 
cutting  off  from  time  to  time,  by  means  of  a  ligature,  all  nervous  communication 
between  the  wound  into  which  it  was  inserted  and  the  brain.  In  all  cases  I  took 
care  to  insert  a  quantity  of  tetanic  poison  more  than  sufficient  to  destroy  life,  pro- 
vided no  remedies  had  been  used.'  But  it  is  only  recently  that  this  plan  has  been 
carried  into  effect.  An  Italian  surgeon  was  the  first  to  use  woorara  :  he  employed 
it  in  three  instances,  applying  the  poison  in  solution  to  the  wounded  part,  and, 
where  no  wound  was  present,  to  a  raw  surface  artificially  produced  by  blisters.  In 
two  of  his  cases  the  tetanus  was  acute  and  traumatic,  but  both  died  ;  in  the  third 
case  the  disease  was  chronic,  and  recovery  ensued.  In  Parts.,  likewise  a  few  cases 
have  been  experimented  on,  and  with  the  same  result.    So  also  in  London,  a  small 

1  Hunter's  Works,  by  Palmer,  vol.  i.  p.  588. 

2  See  Travers  on  Constitutional  Irritation. 
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number  of  cases  have  been  treated  by  woorara,  and  recovery  only  effected  in  the 
chronic  form.  Of  nine  cases  in  which  woorara  has  been  employed,  six  were  acute, 
and  terminated  fatally,  and  three  were  chronic  or  subacute  cases,  which  recovered 
which  is  not  at  all  satisfactory,  for  chronic  or  subacute  tetanus  is  a  recoverable 
disease,,  not  so  acute  tetanus,  and  it  is  here  that  a  remedy  is  anxiously  sought  for. 
Woorara  has  at  present  not  fulfilled  what  was  expected  of  it.  Dr.  Harley  attributes 
its  value  to  its  peculiar  power  of  paralysing  the  motory  much  sooner  than  the 
sensory  nerves.  Its  action  in  tetanus  is  to  allay  the  spasm ;  to  keep  the  spasms 
from  killing  the  patient  by  their  violence,  until  the  morbid  state  calling  them  into 
play  has  exhausted  itself. 

Three  cases  of  acute  tetanus  treated  in  the  Military  Hospital  at  Zanzibar  by  Dr. 
J.  T.  Hague  show  that  the  extract  of  physostigma  hypodermically  administered  in 
doses  of  one-sixth  of  a  grain  deserves  further  trial.1 

Alfred  Poland,  1870. 
J.  W.  Hulke,  1882. 

1  Brit.  Med.  Journ.,  Oct.  29,  1881,  p.  703. 
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DELIRIUM  TREMENS. 

rPHE  name  'Delirium  Tremens,'  which,  like  so  many  others  used  in  medicine,  has 
X  been  objected  to  on  account  of  its  want  of  scientific  accuracy,  is  perhaps  on 
this  very  account,  the  best  that  can  be  adopted  to  characterise  a  disease  with  the 
real  pathology  of  which  we  are  as  yet  so  little  acquainted.  Like  many  other  affec- 
tions of  the  nervous  system,  it  is  marked  by  symptoms  so  well  defined  as  to  leave  us 
in  no  doubt  as  to  its  reality,  while  they  also  serve  to  distinguish  it  from  other  forms 
of  disease  with  which  at  first  sight  it  might  be  supposed  to  be  closely  allied.  Half  a 
century  has  scarcely  elapsed  since  it  was  first  discriminated  from  the  delirium  caused 
by  inflammation  of  the  brain ;  and  since  that  time,  though  much  has  been  written 
on  the  subject,  so  little  light  has  been  thrown  on  its  true  causation  that  the  most 
opposite  modes  of  treatment  have  been  recommended  for  its  cure. 

Pathology. — The  real  nature  of  the  affection  has  by  no  means  been  made  out  by 
morbid  anatomy.  The  post-mortem  appearances  only  reveal  to  us  the  mode  in 
which  the  fatal  termination  arrived  ;  they  throw  no  light  on  the  origin  of  the  disease, 
or  the  morbid  conditions  on  which  it  is  dependent.  We  know  not  in  what  way  the 
nerve-structure  is  altered  by  continued  habits  of  dissipation  ;  or  how  the  blood,  con- 
taminated by  the  frequent  introduction  of  alcohol  into  its  current,  serves  to  excite  in 
the  deteriorated  brain  that  peculiar  delirium,  tremor,  and  insomnia,  which  so  dis- 
tinctly mark  the  disease  at  the  bedside  of  the  patient. 

Still,  the  information  derived  from  anatomical  research  is  worthy  of  study, 
because,  as  it  tells  how  death  is  actually  brought  about,  it  offers  suggestions  as  to 
how  the  fatal  event  may  be  prevented  or  warded  off.  The  brain,  especially  in  long- 
standing cases  of  chronic  alcoholism,  is  shrunken  and  indurated,  so  that  it  occupies 
less  than  its  proper  space  in  the  cranium,  and  there  is  necessarily  an  increase  in  the 
amount  of  the  subarachnoid  fluid.  This  shrinking  of  the  cerebral  substance  gives  rise 
also  to  an  enlargement  of  the  perivascular  canals  and  of  the  cavities  of  the  ventricles — 
conditions  which  are  accompanied  by  a  corresponding  increase  in  the  fluid  through- 
out the  organ,  which  is  therefore  often  spoken  of  as  a  '  wet  brain.'  The  amount  of 
cerebral  congestion  is  variable,  and  probably  depends  much  upon  the  mode  of  death 
and  the  character  of  the  treatment.  The  other  organs  exhibit  no  conditions  special 
to  this  disease,  but  have  usually  undergone  some  of  the  degenerative  changes  which 
ensue  upon  the  continued  abuse  of  alcohol.  These  degenerations  have,  however,  an 
important  influence  upon  the  result  of  cases  of  delirium  tremens,  inasmuch  as  exhaus- 
tion occurs  much  more  rapidly  when  the  organs,  especially  those  of  circulation,  are 
unequal  to  their  work.  Thus,  common  concomitants  of  fatal  cases  are  fatty  heart, 
fatty  and  cirrhosed  liver,  and  atheromatous  arteries. 

It  is  from  clinical  study  that  we  may  obtain  the  most  reliable  data  for  forming  a 
notion  of  the  true  nature  of  the  disease  ;  and  there  seems  no  reason  why,  with  caution, 
correct  inferences  may  not  be  drawn  from  this  source  when  anatomy  fails  as  a  guide. 
First,  it  is  to  be  remembered  that  the  disorder  is  not  brought  about  by  a  first 
debauch ;  that  a  necessary  element  in  its  causation  is  the  habit  of  dissipation.  This 
habit  is  not  to  be  measured  by  the  actual  quantity  of  stimulants  taken  :  a  patient  in 
whom  the  nervous  centres  are  easily  acted  on  becomes  excited  and  tremulous, 
'  nervous '  as  it  is  often  called,  by  very  small  quantities  taken  daily  at  unsuitable 
times ;  while  in  some  remarkable  cases  two  or  three  bottles  of  ardent  spirits  have 
been  consumed  every  day  for  months,  or  even  years,  before  the  disease  has  been 
developed.    Occasionally  cases  are  seen  in  which  the  habit  having  been  for  a  time 
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restrained  by  circumstances,  delirium  supervenes  immediately  on  excessive  intoxica- 
tion ;  and  while  these  present  many  analogies  to  true  delirium  tremens,  they  differ 
from  it  not  only  in  the  more  marked  features  of  the  attack,  but  also  in  this  important 
fact,  that  the  delirium  is  excited  by  the  intoxication.  Most  writers  have  pointed 
out  the  necessity  of  such  a  distinction  with  reference  to  treatment,  and  this  form  of 
delirium  has  been  not  inaptly  called  the  delirium  ebriosorum.  This  class  of  cases  is 
that  to  which  alone  the  view  is  applicable  that  alcohol  acts  as  a  direct  poison,  like 
belladonna  or  stramonium  ;  and  that  the  delirium  is  in  the  one  case,  just  as  in  the 
other,  due  to  the  presence  of  a  material  poison  introduced  into  the  circulation  from 
without.  But  even  in  such  instances  the  antecedent  is  still  essential ;  the  habit, 
though  restrained  by  circumstances,  must  have  existed ;  in  the  first  instance  the 
abuse  of  alcoholic  stimulants  may  produce  a  condition  of  nearly  complete  stupor,  but 
it  never  gives  rise  to  delirium.  Delirium  is  unmistakable  evidence  of  a  prior  change 
in  the  nerves  or  the  blood,  or  more  probably  in  both  together. 

Secondly,  we  have  to  take  into  account  the  exciting  cause  of  the  attack.  Some- 
times it  commences  in  a  person  habitually  intemperate,  after  a  recent  debauch  during 
which  little  solid  food  has  been  taken,  the  appetite  being  lost,  and  the  stomach  in  a 
state  scarcely  capable  of  performing  the  function  of  digestion  ;  and  we  are  led  to  the 
conclusion  that  the  want  of  healthy  nourishment  is  the  main  cause  of  the  disorder. 
But  it  is  very  usual  to  find  in  such  cases  that  there  has  been  also  some  great  mental 
anxiety,  which  has  very  probably  led  to  the  excess  in  the  vain  hope  of  '  drowning 
care ; '  and  this  mental  condition  is  not  without  its  influence  in  producing  the  result, 
even  without  any  very  unusual  amount  of  dissipation ;  the  sleeplessness  produced  by 
mental  anxiety,  and  the  exaggeration  of  that  nervous  depression  under  which 
drunkards  in  their  sober  moments  so  constantly  labour,  are  of  themselves  sufficient 
to  hurry  on  an  attack  of  delirium  when  the  patient  is  already  prepared  for  it.  Next 
in  frequency  are  those  cases  in  which  delirium  tremens  follows  on  an  accident  or 
injury  attended  with  nervous  shock,  or  supervenes  during  the  continuance  of  low 
forms  of  erysipelatous  fever,  and  that  unhealthy  character  which  the  reparative  pro- 
cess in  wounds  so  constantly  assumes  in  persons  of  intemperate  habits.  In  other 
instances,  again,  the  disease  arises  under  circumstances  in  which  the  usual  amount  of 
stimulus  has  not  been  obtained,  and  it  has  been  too  hastily  concluded  that  its 
sudden  withdrawal  had  brought  on  the  attack ;  an  opinion  which  seemed  to  be  sup- 
ported by  the  apparent  benefit  obtained  from  free  stimulation  during  its  continuance. 
The  records  of  our  various  prisons,  in  which  so  many  committals  occur  among 
habitual  drunkards,  would  seem  to  negative  such  an  idea ;  and  we  are  constrained 
to  look  rather  to  the  circumstances  to  which  the  forced  abstinence  is  due,  such  as 
privation  or  illness  with  their  accompanying  mental  depression  and  want  of  food,  as 
more  probable  causes,  than  to  any  diminution  in  the  quantity  of  stimulants  taken 
by  the  individual. 

Thirdly,  the  clinical  investigation  of  the  disease  has  clearly  led  to  the  conclusion 
that  it  is  one  of  depressed,  and  not  exalted,  vitality.  The  softness  of  the  pulse,  the 
muscular  tremor,  and  the  copious  perspirations,  are  all  so  many  proofs  that  there  is 
no  inflammatory  action  going  on  ;  and  with  the  knowledge  obtained  by  post-mortem 
examinations  in  more  modern  times,  any  idea  of  an  inflammatory  origin  has  been 
wholly  abandoned. 

We  are  warranted  by  these  observations  in  assuming — 1.  That  the  disease  is  one 
of  exhaustion,  in  which,  whatever  be  the  change  which  has  actually  passed  on 
the  nervous  system,  the  first  indication  for  the  practitioner  is  to  guard  against 
the  approach  of  death  by  sinking,  or  by  coma  in  consequence  of  passive  effusion  into 
the  brain.  2.  That  it  is  not  a  direct  form  of  poisoning,  in  which  after  a  few  hours 
of  waiting  and  watching  the  poison  will  be  eliminated  by  some  secreting  organ  or 
other,  and  the  patient  will  be  restored  to  health,  as  happens  in  opium-poisoning 
or  in  intoxication  (alcohol-poisoning) ;  but  that  some  obscure  structural  change  has 
been  wrought ;  and  whether  alcohol  be  present  in  the  blood  or  not,  there  must  have 
been  some  additional  cause  which  has  produced  the  delirium,  and  this  generally  of  a 
depressing  kind.    3.  That,  so  far  as  the  nervous  system  is  concerned,  the  condition 
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is  such  as  we  might  expect  to  be  generated  by  depressing  causes,  and  treatment 
oua;ht  therefore  to  correspond  rather  to  those  forms  of  insanity  accompanied  by  de- 
pression than  to  those  which  are  characterised  by  excitement. 

Diagnosis. — With  reference  to  diagnosis,  it  is  to  be  remembered  that  the  history 
of  the  case  is  very  often  defective  in  the  most  material  point — the  indulgence  of  evil 
habit.  Neither  the  patient  nor  his  friends  are  quite  willing  to  confess  to  that  of 
which  their  better  feelings  make  them  ashamed  ;  but  while  the  knowledge  of  habitual 
excess  gives  certainty  to  the  diagnosis,  the  disease  may  no  less  be  developed  in 
persons  who  may  be  thought  by  their  friends  to  be  very  moderate  in  the  use  of  fer- 
mented liquors,  and  yet  who  have  taken  more  than  their  nervous  system  could 
tolerate.  Very  often  the  trade  or  occupation  of  the  patient  supplies  this  link  in  the 
chain  of  evidence  by  showing  that  he  has  been  placed  in  circumstances  of  temptation  ; 
and  if  loss  of  appetite  be  at  the  same  time  complained  of,  the  inference  will  generally 
be  correct  that  the  temptation  has  not  been  successfully  resisted. 

The  delirium  of  erysipelas  or  of  rheumatic  fever  sometimes  presents  features 
closely  resembling  delirium  tremens,  but  it  is  only  in  the  intemperate  that  the 
genuine  disease  is  developed. 

The  actual  attack  is  generally  ushered  in  by  sleepless  nights  and  restless  days, 
and  there  is  almost  always  more  or  less  of  febrile  disturbance.  Exceptions  to  this 
rule  occur,  more  especially  in  surgical  practice  ;  and  sometimes  when  everything 
seems  to  be  going  on  favourably,  delirium  suddenly  commences  almost  without 
warning.  In  all  cases  of  severe  injury  in  persons  of  intemperate  habits,  the 
surgeon  must  be  prepared  for  such  an  event,  and  must  guard  against  its  invasion  by 
husbanding  the  powers  of  his  patient,  and  sustaining  his  strength  from  the  first 
by  suitable  nourishment  and  the  judicious  employment  of  stimulants  when 
necessary. 

The  features  of  the  disorder  are  so  striking,  that  very  little  experience  is  suffi- 
cient to  render  its  discrimination  by  no  means  difficult.  The  chief  points  to  be 
observed,  in  addition  to  those  derived  from  the  history  of  the  case,  are  the  folio w- 

1 .  The  character  of  the  delirium  itself. — This  is  especially  marked  by  the  presence 
of  one  dominant  idea,  which  has  generally  something  of  unpleasantness  mixed  up 
with  it,  and  excites  the  individual  to  constant  activity.  It  is,  as  denominated  by 
Sir  T.  Watson,  essentially  a  '  busy  delirium.'  The  patient  is  either  harassed  by 
some  worry  connected  with  business,  or  he  is  alarmed  by  the  presence  of  some 
loathsome  or  horrible  object,  and  he  is  in  constant  agitation  to  get  this  business- 
matter  arranged,  or  to  rid  himself  of  the  object  of  his  alarm.  He  is  perpetually 
jabbering  on  this  one  subject,  and  getting  out  of  bed,  or  pulling  his  bed-clothes 
about,  under  the  influence  of  the  same  predominant  idea,  which  from  time  to  time 
changes  from  one  thing  to  another.  But  there  is  no  violence  or  maniacal  excite- 
ment; he  has  no  tendency  to  injure  himself  or  others,  and  his  only  risk  is  that  ot 
getting  out  of  the  window  by  mistake,  or  rushing  out  of  doors  in  his  night-shirt  in 
pursuance  of  the  idea  which  rules  him  for  the  time  being.  Still  he  is  generally 
managed  with  comparative  ease  by  anyone  who  combines  firmness  with  gentleness, 
and  only  frets  and  rebels  against  unnec?ssary  restraint  or  harshness.  During  the 
earlier  periods  of  the  attack  he  will  generally  put  out  his  tongue,  answer  questions 
put  to  him,  and  do  as  he  is  directed,  and  there  is  none  of  the  incoherent  rambling 
and  muttering  of  words  without  meaning  and  connection  seen  in  other  forms  of 
delirium  ;  it  is  only  when  the  brain  begins  to  be  oppressed  by  serous  exudation  that 
such  symptoms  are  seen. 

2.  The  existence  of  tremor  along  vjith  the  delirium.— This  feature  is  so  marked 
that  it  has  given  its  name  to  the  disease.  It  is  not  quite  like  that  seen  in  the  weak- 
ness and  utter  prostr  ation  of  fever  when  there  is  delir  ium  and  subsultus  ;  it  is  more 
allied  to  the  nervous  trembling  of  a  very  excitable  person  under  the  influence  of 
some  mental  impression,  which  for  want  of  a  better  name  we  call  '  nervousness,' 
strangely  modified,  however,  by  the  peculiar  restlessness  of  the  delirium  which  it 
accompanies.    The  patient  is  constantly  orr  the  move,  arrd  every  movement  is  nrade 
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in  the  same  tremulous,  unsteady  manner.  Even  before  the  delirium  has  actually- 
commenced,  or  during  convalescence,  there  is  a  peculiar  hurry  and  agitation  about 
his  actions  ;  he  puts  out  his  tongue,  or  thrusts  forward  his  arm  for  his  pulse  to  be 
felt,  with  a  jerk,  or  he  rises  up  in  bed  with  a  bound  :  there  is  a  want  of  steadiness 
and  deliberation  in  everything  that  he  does.  This  combination  of  hurry  and  un- 
steadiness is  one  of  the  most  decided  evidences  of  the  approach  of  the  disorder, 
before  anything  like  delirium  is  seen. 

3.  Restless7iess  and  want  of  sleep. — These,  though  not  peculiar  to  this  form  of 
delirium,  are  its  invariable  concomitants.  The  predominant  idea  keeps  the  patient 
in  a  constant  state  of  imaginary  employment  ;  he  is  no  sooner  persuaded  to  lie  down 
than  he  is  up  again,  or,  if  he  remain  in  bed,  he  is  perpetually  pulling  about  or 
arranging  his  bed-clothes  with  the  same  object.  Sleep,  under  such  circumstances,  is 
wholly  impossible ;  but  no  doubt  there  is  more  than  this,  for  sleeplessness  generally 
precedes  the  delirium  :  and  it  is  only  in  exceptional  cases  that  this  indication  is 
wanting.  In  other  forms  of  delirium,  insomnia  generally  follows  the  existence 
of  delusion,  whereas  in  delirium  tremens  it  very  often  precedes  it  for  several  days. 

4.  A  condition  of  general  depression  of  the  vital  powers. — This  is  perhaps  the 
most  important  point  in  the  consideration  of  the  disease,  because,  while  it  aids  the 
diagnosis,  it  also  indicates  the  true  line  of  treatment.  It  is  not  enough  to  determine 
that  an  habitual  drunkard  is  suffering  from  delirium  with  some  amount  of  tremor, 
and  go  on  to  adopt  a  certain  routine  practice;  for  his  condition  may  be  the  direct 
effect  of  a  recent  debauch,  while  the  blood  is  still  poisoned  by  a  large  quantity  of 
alcohol,  which  is  prodticing  irritation  of  the  brain  and  congestion  of  the  liver ;  it 
may,  in  short,  be  the  delirium  ebriosorum,  and  not  true  delirium  tremens,  and  the 
treatment  suited  for  the  one  may  be  useless  or  injurious  to  the  other.  We  must  go 
a  step  further,  and  inquire  into  the  condition  of  the  pulse,  skin,  and  tongue ; 
whether  they  indicate  febrile  action  of  an  inflammatory  or,  at  least,  congestive  kind, 
or  whether  they  prove  that  the  condition  is  one  to  which  these  names  are  wholly 
inapplicable.  The  pulse  probably  will  be,  as  in  most  conditions  of  debility,  more 
frequent  than  in  health  ;  but  the  skin  is  not  dry  or  burning,  it  is  usually  covered 
with  moisture,  and  the  perspiration  occasionally  becomes  very  profuse.  The  tem- 
perature at  the  commencement  is  not  usually  much  above  the  normal,  and  in  eases 
terminating  favourably  does  not  often  exceed  101°  at  any  period  of  the  disease.  Oc- 
casionally, however,  a  sudden  and  rapid  elevation  occurs,  a  symptom  which  is  always 
grave,  and  which  often  indicates  the  approach  of  death.  The  tongue  at  the  same 
time  is  seldom  dry  or  brown  ;  sometimes  it  is  tolerably  clean,  more  commonly  coated 
with  a  moist  whitish  or  creamy  fur,  and  having  a  flabby  or  (Edematous  aspect. 
Dryness  of  the  tongue  or  redness  at  its  tip  and  edges  with  a  roughish  fur  on  its 
dorsum,  may  be  regarded  as  pointing  rather  to  the  delirium  of  over-stimulation 
than  to  the  genuine  type  of  the  disease.  The  absence  of  heat  of  head,  the  freedom 
from  local  pain  and  uneasiness,  and  the  dilatation  of  the  pupil,  all  serve  as  so  many 
distinct  indications  that  the  disorder  is  nowise  related  to  phrenitis,  with  which  there 
is  now  hardly  any  excuse  for  its  being  confounded. 

Treatment. — The  opposite  views  of  the  treatment  of  delirium  tremens  taken  by 
various  writers  are  at  first  sight  very  unaccountable.  The  explanation,  however,  is 
to  be  found  in  the  absence  of  any  pathological  data  as  to  the  exact  nature  of  the 
disease,  and  in  the  empirical  nature  of  our  practice.  It  may  indeed  be  to  a  certain 
extent  called  a  rational  empiricism,  inasmuch  as  we  know  both  the  usual  causes  of 
a  fatal  result,  and  the  invariable  mode  of  recovery  by  sleep.  To  avoid  the  one,  and 
to  aid  in  the  production  of  the  other,  is  the  rational  aim  of  the  medical  practitioner, 
and  the  discrepancy  of  opinion  has  in  great  measure  arisen  from  too  exclusive  regard 
being  paid  to  one  or  other  of  these  parts  of  treatment. 

Some  years  ago  a  patient  under  the  care  of  Mr.  Jones  of  Jersey,  having  by 
mistake  swallowed  one  ounce  of  tincture  of  digitalis  when  almost  in  articulo  mortis, 
made  such  a  rapid  recovery  without  any  unfavourable  symptoms  that  Mr.  Jones  was 
induced  to  employ  it  extensively  in  the  treatment  of  the  disease.  His  conclusion 
was  that  it  very  generally  succeeded  in  producing  sleep  when  administered  in  large 
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doses.  The  experience  of  others  has  not  been  such  as  to  recommend  this  remedy, 
which  is  now  but  little  used  in  the  treatment  of  delirium  tremens.  Various  other 
remedies  have  been  tried  with  the  somewhat  mistaken  view  that  sleep  will  not  be 
procured  except  by  powerful  agents  employed  in  heroic  doses.  Such  a  doctrine 
cannot  be  too  strongly  reprobated. 

The  evidence  of  the  older  writers  is  clear  and  distinct  on  one  point,  viz.  that 
when  delirium  tremens  was  mistaken  for  phrenitis,  and  treated  by  depletion  and 
antiphlogistic  remedies,  the  mortality  was  very  much  greater  than  when  the  dis- 
tinction had  been  made  and  the  treatment  by  opium  introduced.  The  result  will 
depend  more  upon  the  possibility  of  taking  and  digesting  food  than  upon  anything 
else,  so  that  persevering  and  judicious  feeding  is  an  important  part  of  the  treatment 
which  must  not  be  interfered  with  needlessly  by  the  administration  of  medicine. 

It  is  for  this  reason  that  the  hypodermic  injection  of  morphia  is  so  valuable 
a  remedy,  and  many  cases  may  be  cut  short  at  the  outset  by  the  administration  of 
some  easily  digestible  food  accompanied  by  a  subcutaneous  injection  of  morphia. 

In  the  earlier  stages  of  the  affection,  when  the  case  is  only  marked  by  anorexia, 
disordered  stomach  and  troubled  sleep,  its  further  progress  may  very  generally  be 
arrested  by  remedies  calculated  to  restore  the  functions  of  the  stomach  and  liver,  and 
to  evacuate  the  morbid  matters  which  we  know  must  have  accumulated  in  the  blood 
by  long  habits  of  dissipation.  At  the  same  time  the  strength  of  the  patient  must  be 
sustained  by  proper  nutriment,  and  powerful  cathartics  must  be  avoided.  A  patient 
threatened  with  delirium  tremens  cannot  bear  any  decidedly  lowering  treatment : 
for,  as  has  been  already  shown,  the  exciting  cause  of  the  attack  is  most  frequently  of 
a  depressing  kind,  and  abstinence  from  food  generally  plays  a  very  prominent  part 
in  its  development. 

These  indications  are  perhaps  best  fulfilled  by  the  administration  of  small  doses 
of  blue-pill,  followed  by  a  warm  and  mild  aperient;  nitric  acid  in  combination  with 
bitter  infusion,  with  the  adjunct  of  some  stimulant  diuretic,  is  often  highly  beneficial ; 
sometimes  even  more  powerful  tonics  may  be  usefully  administered,  such  as  quinine 
and  sulphuric  acid.  When  the  red  edge  of  the  tongue  and  tendency  to  vomit  indicate 
a  more  irritable  state  of  the  stomach,  such  as  is  likely  to  be  produced  by  the  direct 
action  of  the  stimulant  on  its  mucous  membrane,  effervescing  draughts  with  an 
excess  of  ammonia  are  to  be  preferred  to  remedies  more  decidedly  tonic  ;  while  the 
irritability  is  soothed  by  the  application  of  a  sinapism  to  the  epigastrium.  The 
great  object  of  treatment  is  to  enable  the  patient  to  take  and  to  assimilate  a  suffi- 
cient quantity  of  proper  nourishment ;  without  this  the  disorder  will  get  worse ;  but 
if  he  can  take  food,  he  is  much  more  likely  to  obtain  sleep  also. 

When  delirium  has  fairly  set  in,  we  ought  to  ascertain,  if  possible,  how  long  it 
has  lasted,  because  it  is  almost  vain  to  hope  for  the  immediate  occurrence  of  sleep, 
however  large  the  dose  of  opium  may  be.  The  same  dose  of  sedative  which  has 
failed  the  first  day  may  be  completely  successful  the  second.  If  no  treatment  has 
been  previously  adopted,  it  is  wise  to  commence  with  a  dose  of  calomel,  which  may 
be  accompanied  by  a  grain  and  a  half  or  two  grains  of  opium,  followed  after  some 
hours  by  a  purgative.  Congestion  of  the  liver  is  so  common  with  drunkards  that 
the  function  of  this  organ  demands  our  first  attention;  but  caution  must  be  exercised 
that  the  patient  is  not  too  much  depressed  by  the  remedies.  An  effervescing  saline 
with  excess  of  ammonia,  and  a  few  drops  of  laudanum,  may  be  given  every  second 
or  third  hour,  with  a  view  to  calm  nervous  excitement  and  moderate  the  restlessness 
of  the  patient.  A  valuable  remedy  when  the  delirium  is  active  is  the  bromide  of 
potassium,  which  is  best  given  in  considerable  closes  (e.g.  thirty  or  forty  grains) 
repeated  every  two  hours  until  some  decided  effect  is  obtained.  It  is  often  useful  to 
combine  with  this  about  half  the  quantity  of  the  hydrate  of  chloral.  Opinions  differ 
as  to  the  value  of  opium  ;  in  some  cases  the  administration  of  a  full  dose,  repeated 
when  its  effect  has  passed,  has  an  excellent  result;  but  when  the  delirium  is  violent 
it  seems  sometimes  to  do  harm,  and  in  these  cases  the  other  sedatives  mentioned  are 
to  be  pref erred. 

It  is  of  great  importance  to  ensure  the  utmost  attainable  quiet  in  the  surround- 
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ings  of  the  patient,  to  subdue  the  light  of  his  room,  and  to  exclude  all  sources  of 
mental  or  bodily  irritation.  A  good  nurse  is  therefore  an  essential  aid.  Coercive 
measures  are  always  prejudicial,  and  are  only  justifiable  under  the  most  unavoidable 
necessity.  The  patient  may  almost  always  be  controlled  by  firmness  combined  with 
a  soothing  and  gentle  manner,  if  his  fancies  be  humoured  and  not  contradicted. 
Much  stress  is  justly  laid  by  the  older  writers  on  this  part  of  the  treatment,  and  it 
has  been  unfortunately  too  much  lost  sight  of  in  modern  jn-actice. 

Nutritious  and  easily  digested  food  should  be  given  at  frequent  intervals,  advan- 
tage being  taken  of  any  sign  of  readiness  on  the  part  of  the  patient  to  take  food,  and 
of  any  wish  that  he  expresses  as  to  its  character.  Whether  stimulants  should  be 
given  or  not  is  often  a  question  of  grave  difficulty,  the  reasonable  decision  of  which 
must  depend  upon  the  most  careful  circumspection.  It  must  always  be  borne  in 
mind  that  the  disease  under  consideration  is  caused  by  the  abuse  of  stimulants,  and 
that  recovery  will  depend  chiefly  upon  the  ability  to  digest  food,  and  upon  the 
amount  of  degeneration  which  the  tissues  have  undergone. 

It  can  hardly  be  doubted  that  the  introduction  of  more  alcohol  into  the  body  is, 
under  such  circumstances,  undesirable,  especially  if  it  be  considered  that  the  amount 
of  food  taken  and  digested  is  usually  in  an  inverse  ratio  to  the  quantity  of  alcohol 
consumed.  Yet  when  a  person  is  sinking  from  exhaustion,  the  administration  of 
some  form  of  stimulant  becomes  necessary,  and  we  are  obliged  by  the  urgency  of  the 
need  to  use  a  remedy  which  we  should  otherwise  avoid.  In  such  cases  the  least 
irritating  form  of  stimulant  should  be  chosen,  and  its  effect  watched  with  the  utmost 
care ;  good  ale,  or  porter,  or  even  wine,  are  to  be  preferred  to  spirits,  as  containing 
some  amount  of  nutriment ;  and  it  should  be  made  a  sine  qud  non,  in  granting  the 
indulgence,  that  solid  food  even  in  the  smallest  quantity  is  taken  with  the  beer, 
which  should  be  given  only  at  stated  intervals,  and  not  taken  as  fancy  directs.  As 
soon  as  the  need  is  past  the  stimulant  should  be  gradually  withdrawn,  and  the 
treatment  directed  to  improving  the  digestion. 

Recovery  takes  place  by  the  assimilation  of  wholesome  food.  If  this  can  be 
attained  there  is  less  craving  for  drink,  the  waste  that  is  gone  on  is  gradually 
repaired,  and  the  resulting  depression  eventually  overcome. 

To  sum  up :  the  natural  mode  of  recovery  is  by  sleep,  which  occurs  in  the  milder 
cases  spontaneously  :  the  object  of  treatment  in  the  severer  cases  is  to  bring  about 
this  result  by  the  judicious  administration  of  sedatives.  Full  doses  are  to  be  repeated 
at  short  intervals  for  a  limited  time,  and  to  be  again  resorted  to  after  the  lapse  of 
some  hours,  if  at  first  unsuccessful.  The  functions  of  the  stomach  and  liver  at  the 
same  time  claim  special  attention,  because  they  are  almost  always  disordered  in 
drunkards,  and  the  consequent  non-assimilation  of  food  is  one  of  the  essential 
elements  in  the  causation  of  the  disease  ;  the  strength  must,  therefore,  be  supported 
by  such  nourishment  as  the  stomach  can  bear,  and,  when  necessary,  by  the  adminis- 
tration of  stimulants,  while  all  needless  coercion  is  to  be  carefully  avoided. 

Andrew  Whyte  Barclay,  1870. 
Warrington  Haward,  1882. 


Vol.  I. 


*  P  4 


216 


SCBOFULA.' 

SINCE  the  publication  of  Mr.  Savory's  well-known  article  on  '  Scrofula  '  in  the  last 
edition  of  this  book  vast  changes  have  been  effected  in  the  pathology  of  the  dis- 
ease, and  still  vaster  changes  in  our  conceptions  of  that  structure  '  tubercle '  with 
which  the  pathological  being  of  scrofula  is  so  intimately  allied.  These  changes,  more- 
over, have  been  associated — as  it  may  be  supposed — -with  some  more  precise  notions 
as  to  the  clinical  outlines  of  the  malady,  and,  following  upon  these,  with  some  more 
extended  conceptions  as  to  its  most  efficient  treatment.  So  considerable,  indeed, 
have  been  these  modifications  of  our  knowledge  that  in  attempting  a  revision  of  Mr. 
Savory's  monograph  I  conceived  it  would  be  more  advisable  to  entirely  rewrite  the 
article,  although  the  plan — together  with  the  exigencies  of  space — involved  the  loss 
of  much  valuable  material. 

'  Scrofula,'  says  Mr.  Savory  at  the  commencement  of  the  article  alluded  to,  '  is, 
in  one  respect  at  least,  an  unfortunate  word,  for  it  is  not  clearly  defined.  On  the 
contrary,  very  different  significations  are  attached  to  it.  It  has  certainly  become  a 
vague  term,  so  that,  wherever  met  with,  it  is  necessary  to  refer  to  the  context  to 
obtain  an  idea  of  the  sense  in  which  it  is  employed.'  Much  of  this  vagueness  in  a 
general  conception  of  the  malady  depends,  I  think,  upon  the  difficulty  of  fixing  its 
clinical  boundaries.  It  is  hard  to  draw  a  line  between  the  manifestations  of  scrofula 
and  the  manifestations  of  that  condition  known  as  '  mere  delicate  health  ' — a  condition 
with  the  factors  of  which  we  have  but  little  acquaintance,  and  of  the  pathology  of 
which  we  know  still  less.  A  most  varied  clinical  interpretation  has  been  placed 
upon  the  term  '  a  strumous  individual.'  With  some  this  term  has  included  nearly 
all  those  who,  while  not  robust,  yet  exhibit  the  evidences  of  no  familiar  disease ; 
while  with  others  the  term  has  been  restricted  to  such  patients  only  as  present 
certain  well-marked  local  affections. 

On  the  other  hand,  pathology  has  contributed  not  a  little  to  the  blurred  outlines 
of  the  malady,  and  to  the  many  and  varied  positions  it  has,  at  one  time  or  another, 
assumed  in  the  general  classification  of  diseases.  This  has,  to  a  great  extent, 
depended  upon  the  association  of  scrofula  with  the  subject  of  tuberculosis.  There 
can  hardly  be  a  matter  with  which  pathology  is  concerned  that  has  experienced 
greater  changes  or  that  has  been  more  harassed  by  opposed  opinions  than  has  been 
the  subject  of  tuberculosis.  With  all  the  many  transformations  through  which 
tubercle  has  passed,  scrofula  has  shared ;  and  it  can  be  no  matter  of  wonder  if  the 
outlines  of  the  disease  have  become  somewhat  dimmed  by  its  association  with  thi.s 
the  very  Proteus  of  pathology.  The  relation  of  scrofula  to  tubercle,  therefore,  must 
needs  be  the  first  point  to  be  discussed  in  any  study  of  the  disease,  and  must  of 
necessity  precede  any  attempt  to  give  to  that  disease  a  definition. 

Scrofula  and  tubercle. — The  term  '  tubercle,'  at  one  time  applicable  to  a  large 
and  diverse  series  of  pathological  changes,  has  now  become  more  restricted  in  its  use, 
and  has,  by  a  gradual  process  of  exclusion,  become  limited  to  a  fairly  simple  morbid 
appearance.  For  a  time  the  term  was  considered  as  most  strictly  appropriate  to 
certain  grey  semi-transparent  granulations  that  from  their  size  were  called  'miliary 
tubercles,'  and  that  in  turn  gave  the  name  of '  acute  miliary  tuberculosis '  to  the 
disease  that  presented  them  in  their  greatest  perfection.    It  was  soon,  however, 

1  This  essay  is,  by  Mr.  Savory's  permission,  substituted  for  that  by  him  in  the  former 
editions  of  this  work. — Ed. 
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shown  that  the  grey  miliary  tubercle  was  a  compound  body  and  was  made  up  of  a 
number  of  simpler  structures  that  frequently  occurred  alone,  and  that  indeed  only 
occasionally  so  massed  themselves  together  as  to  constitute  the  appearance  known  as 
the  miliary  nodule.  To  this  simpler  structure  the  name  of  '  submiliary  tubercle '  was 
given  by  those  who  still  regarded  the  compound  nodule  as  the  perfect  tubercle,  while 
from  others  it  received  the  names  of  '  lymphoid  or  reticular  tubercle '  (Wagner), 
'  follicular  tubercle'  (Charcot),  '  primitive  tubercle  '  (Koster),  &c.  These  terms  may 
be  regarded  as  practically  synonymous.  At  the  most  they  indicate  but  trifling 
modifications  of  structure;  the  primitive  tubercle,  for  example,  being  a  somewhat 
more  rudimentary  body  than  that  named  by  Wagner  the  reticular. 

Speaking  generally,  the  structure  of  this  elementary  tubercle  is  as  follows  : — 
It  forms  a  roundish  microscopic  mass  of  cells  that  may  be  divided  into  three  zones. 
The  central  zone  is  represented  by  one  or  more  giant  cells,  the  next  zone  is  composed 
of  a  number  of  large  cell  elements  with  clear  and  pellucid  contents  and  that  have 
been  somewhat  erroneously  termed  '  epithelioid,'  and  the  most  external  zone  consists 
of  a  mass  of  leucocytes.  The  cells  forming  the  little  district  are  supported  by  a 
more  or  less  distinct  reticulum,  and  with  this  reticulum  the  branched  processes  of 
the  giant  cells  (when  such  processes  exist)  are  said  to  be  continuous.  The  altered 
tissue  fuses  gradually  into  the  surrounding  structures,  and  the  whole  of  the  affected 
area  is  conspicuous  by  its  deficient  vascularity. 

If  the  presence  of  this  morbid  structure  constitutes  a  tubercular  process,  then 
undoubtedly  are  the  main  manifestations  of  scrofula  tuberculous.  In  all  the  chief 
local  evidences  of  struma  this  rudimentary  tubercle  has  been  met  with.  In  the 
glandular  enlargements  it  occurs  in  singular  perfection  ;  in  the  fungous  processes  of 
the  synovial  membrane  in  '  white  swelling '  it  is  a  conspicuous  feature ;  it  is  met 
with  in  scrofulous  bone  diseases,  in  the  walls  of  cold  abscesses,  in  lupus,  and  in 
certain  diseases  of  the  mucous  membranes.  A  rudimentary  form  of  tubercle  is 
indeed  the  most  characteristic  anatomical  feature  in  all  scrofulous  processes  of  a 
certain  magnitude.  It  is  at  the  same  time  to  be  noted  that  the  grey  miliary  granu- 
lation is  very  rare  in  scrofula ;  perhaps  it  is  never  met  with  in  truly  scrofulous 
changes — to  use  that  term  in  the  common  clinical  sense. 

If  the  miliary  nodule  be  regarded  as  the  highest  pathological  attainment  of  the 
tubercular  process,  then  may  strumous  changes  be  regarded  as  exhibiting  an  imma- 
ture or  imperfect  form  of  tubercle.  The  strumous  process  would  appear  to  rest  at 
the  production  of  a  tubercular  follicle,  and,  no  further  conglomeration  taking  place,  it 
would  appear  to  be,  in  a  sense,  abortive.  In  a  large  number  of  scrofulous  manifesta- 
tions one  can  merely  recognise  what  may  be  termed  a  pre-tubercular  change,  and 
detect  only  such  an  ill-defined  arrangement  of  cells  as  would  correspond  to  Virchow's 
'  granulation  tissue '  and  to  the  '  ilots  strumeaux  '  of  Cornil.  At  the  same  time,  it 
is  possible  to  recognise  the  fact  that  such  ill-defined  morbid  changes  are  preliminary 
to  the  formation  of  proper  tubercle,  and  are  therefore  to  be  fairly  regarded  and 
designated  as  tuberculous.  Grancher,1  who  regards  the  grey  granulation  as  the 
perfection  of  the  tubercle-producing  process,  speaks  therefore  of  scrofula  as  '  une 
tuberculose  attenuee,'  '  une  tuberculose  au  premier  degre,'  and  would  designate  the 
primitive  tubercle  or  tubercular  follicle,  so  common  in  struma,  as  '  une  scrofulome.' 

I  think  the  term  '  scrofulome '  can,  however,  hardly  be  maintained.  It  would 
imply  a  morbid  tissue  peculiar  or  specific  to  scrofula,  and  such  is  the  distribution  of 
even  the  more  rudimentary  forms  of  the  tubercular  process  that  they  can  certainly 
not  be  regarded  as  special  to  this  disease.  Scrofula  has  indeed  no  specific  anatomical 
element. 

While  it  may  be  allowed  that  strumous  processes  are  essentially  tubercular,  it 
must  be  remembered  that  that  term  is  used  only  in  a  histological  sense.  It  was  in 
this  sense  that  the  word  '  tubercle  '  was  first  used,  and  it  is  almost  to  be  regretted  that 
the  term  has  since  been  encumbered  by  a  very  emphatic  clinical  significance.  To  say 
that  scrofula  is  a  tubercular  affection  would  imply — according  to  the  sense  in  which 
the  word  '  tubercle  '  is  used — that  it  is  a  disorder  attended  by  certain  grave  clinical 

1  Diet.  Encyclop.  des  Sciences  Med.,  Art.  Scrvfule.    Paris,  1880,  p.  304. 
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probabilities,  and  associated  with  a  very  serious  prognosis.  Upon  the  expression 
'  tuberculous  '  has  been  engrafted  all  the  portentous  clinical  meaning  that  attaches 
to  diseases  such  as  tubercular  meningitis  and  acute  tuberculosis,  maladies  that  are 
constantly  pointed  out  as  affording  the  best  examples  of  the  histological  details  of 
tubercle.  This  clinical  responsibility  does  not  devolve  upon  scrofula  simply  because 
tubercle  is  found  among  its  local  evidences.  Tubercle  is  met  with  in  many  condi- 
tions, and  individuals  exhibiting  those  conditions  must  not  of  necessity  be  stigmatised 
as  tubercular  subjects  in  the  usual  sense  of  that  term,  and  their  maladies  are  not  of 
necessity  on  a  clinical  par  with  tubercular  affections  of  the  meninges  or  peritonaeum. 

Tubercle  is  met  with  in  common  lupus  and  in  the  ordinary  '  white  swelling  ; ' 
but  patients  with  these  diseases  are  but  very  little  more  liable  to  death  from  graver 
tubercular  disorders  than  are  other  individuals.  The  lupus  heals,  or  the  joint  affec- 
tion subsides,  and  the  subjects  of  those  diseases  may  become  perfectly  sound  indivi- 
duals and  attain  old  age  in  spite  of  the  fact  that  they  have  had  tubercular  collections 
at  one  time  in  their  tissues. 

Much  mischief  has  been  done  by  this  forced  alliance  of  an  anatomical  appearance 
with  a  grave  clinical  state.  It  has  been  argued  that  struma  does  not  depend  upon 
tubercle  in  any  way,  because  strumous  patients  do  not  commonly  dio  of  the  more 
fatal  forms  of  tuberculosis.  On  the  other  hand,  it  has  been  urged  that  scrofulous 
bone  and  joint  affections  must  be  immediately  and  heroically  treated  by  operation, 
because  the  process  in  the  affected  parts  is  tubercular,  and  therefore  liable  to  produce 
fatal  results  by  more  general  tubercular  disease  if  left  unheeded. 

In  opposition  to  such  biassed  reasoning,  facts  show,  on  the  one  hand,  that 
although  scrofulous  patients  do  exhibit  tubercle,  the  bulk  do  not  die  of  tubercular 
disease  ;  and,  on  the  other  hand,  local  tubercular  processes  do  not  of  necessity  call 
for  immediate  extirpation,  inasmuch  as  they  are  capable  of  undergoing  a  safe  and 
spontaneous  cure. 

With  regard  to  the  nature  of  tubercle  I  would  submit  that  it  is  merely  the  pro- 
duct of  a  peculiar  form  of  chronic  inflammation,  and  that  it  is  no  neoplasm  in  any 
other  sense  than  that  it  is  an  inflammatory  neoplasm.  Space  will  not  permit  me  to 
deal  with  this  matter  save  in  the  very  briefest  manner.  Tubercular  processes  are  often 
induced  by  undoubted  inflammations  acting  as  exciting  causes.  Examples  of  this  are 
afforded  by  many  scrofulous  gland  enlargements  that  can  be  traced  to  some  simple 
inflammation  of  the  periphery.  The  appearance  of  tubercle  is  preceded  and  associated 
with  inflammatory  changes  in  the  part,  and  this  condition  especially  applies  to  purely 
scrofulous  manifestations.  In  observing  the  tubercle-forming  process  in  strumous 
glands  it  is  impossible  to  draw  a  line  between  the  initial  inflammation  and  the  sub- 
sequent appearance  of  tubercles.  A  rise  of  temperature  has  been  noted  in  even  the 
most  laggard  tubercular  affections.  Lannelongue  1  has  shown  the  essentially  tuber- 
cular nature  of  cold  abscess,  and  has  demonstrated  a  constant  local  rise  of  tempera- 
ture in  that  affection.  Dr.  Thaon,2  speaking  of  tuberculosis  generally,  asserts  that 
'  like  all  inflammations  it  is  always  accompanied  by  fever.'  Spontaneous  cure  is 
possible  in  tubercular  processes — a  fact  that  strongly  supports  the  inflammatory 
theory  ;  for  if  tubercle  be  a  true  new  growth,  then  assuredly  must  it  be  a  far  from 
innocent  neoplasm,  and  one  very  unlikely  to  show  evidence  of  cure.  The  tendency, 
moreover,  of  tubercular  processes  to  occasionally  undergo  fibrous  transformation 
would  well  accord  with  the  assumption  that  those  processes  are  inflammatoiy. 
Lastly,  the  experiments  of  Ziegler3  have  shown  that  inflammatory  changes  induced 
in  the  very  simplest  manner — viz.  by  inserting  glass  discs  among  the  tissues — may 
lead  to  the  production  of  very  perfect  tubercle.1 

1  Alices  Froids  et.  Tuberculide  Osseuxe.    Paris,  1881. 
8  L 'Union  Medicate,  vol.  xxxi.  1881,  p.  41. 

3  ExperimmteUe  Untermchunyen  iiber  die  Herhmft  der  TuberTcdlemente,  &c.  Wiirzbunr. 
1875. 

4  The  tubercles  in  acute  miliary  tuberculosis  must  be  excluded  from  this  matter.  They 
are  the  outcomes  of  a  general  dissemination  of  disease,  and  are  no  more  pertinent  to  the 
present  subject  than  would  be  the  abscesses  of  pyaemia  in  a  discussion  upon  the  common 
features  of  suppuration. 
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If  it  be  allowed  that  tubercle  is  of  the  nature  just  ascribed  to  it,  it  is  obvious  that 
a  definition  of  scrofula  will  depend  upon  the  characteristics  of  the  peculiar  form  of 
inflammation  that  leads  to  the  production  of  tubercle. 

Definition  of  scrofula. — Scrofula  may  be  defined  as  a  tendency  in  the  individual 
to  inflammations  of  a  peculiar  type.  The  main  peculiarities  of  such  inflammations 
are  these — they  tend  to  be  chronic,  to  be  readily  induced,  to  persist,  to  extend  locally 
within  certain  limits,  to  degenerate  rather  than  to  organise,  and  to  particularly  affect 
that  mode  of  degeneration  known  as  caseation.  The  affected  parts  are  prone  to 
become  more  or  less  non-vascular,  the  exudations  are  remarkably  cellular  and  resist 
absorption  in  a  decided  manner.  Among  the  products  of  these  inflammations  are 
certain  large  cell  elements  that  have  been  regarded  by  Rindfleisch  as  almost  specific ; 
and  if  a  certain  stage  of  the  process  be  reached,  giant  cells  and  subsequently  tubercles 
make  their  appearance.  The  products  of  the  process  present  certain  distinctive  pro- 
perties when  experimentally  inoculated  ;  and,  lastly,  throughout  the  whole  course  of 
these  inflammations  there  is  a  remarkable  tendency  for  the  lymphatic  structures  of 
the  part  to  be  involved.  Thsse  features,  taken  together,  constitute  an  inflammation 
of  a  very  distinctive  character,  and  individualise  a  process  that  is,  I  would  submit, 
the  main  pathological  basis  of  scrofula. 

The  histology  of  this  process  will  be  dealt  with  subsequently,  but  some  of  its  chief 
peculiarities  may  now  be  briefly  alluded  to.  The  chronicity  of  all  strumous  affections 
is  well  known,  and  indeed  it  would  appear  that  the  scrofulous  are  but  little  liable  to 
acute  inflammations  of  any  kind.  The  ease  with  which  the  bulk  of  strumous  lesions 
is  induced  is  a  very  marked  feature  of  the  process.  Immense  gland  enlargements 
appear  often  to  be  set  up  by  some  very  trifling  irritation  of  the  periphery,  grave  bone 
affections  have  followed  upon  the  most  trivial  injuries,  destructive  diseases  of  joints 
have  occurred  after  such  slight  provocation  as  to  appear  to  be  of  spontaneous  origin, 
and  catarrhs  of  mucous  surfaces  are  often  set  up  in  the  scrofulous  by  an  exposure  to 
cold  or  damp  that  would  be  absolutely  innocuous  to  the  healthy.  Indeed,  this 
remarkable  vulnerability  of  the  tissues  is  a  great  feature  in  struma.  It  constitutes  a 
pointed  structural  weakness,  and  has  formed  the  groundwork  for  more  than  one 
definition  of  the  strumous  process.  Then,  again,  scrofulous  lesions  tend  to  extend 
locally,  and  show  little  disposition  to  be  limited  by  any  barrier  of  healthier  action. 
This  feature  is  well  seen  in  bone  affections,  in  a  caries  that  steadily  progresses  within 
certain  limits,  that  shades  off  so  gradually  into  the  adjacent  healthy  bone  that  at  no 
point  can  one  say  '  Here  the  carious  process  ends,  and  healthy  tissue  commences.'  In 
lupus  again,  the  insidious  and  deliberate  extension  of  the  process  is  one  of  its  most 
conspicuous  features.  In  gland  enlargements  the  process  can  often  be  traced  from  one 
gland  to  another  through  a  very  extensive  series.  Dr.  Goodhart,1  for  example,  gives  a 
case  where  the  inguinal  glands  becoming  affected  in  consequence  of  disorganisation 
of  the  knee-joint,  the  gland  mischief  extended  from  the  groin  along  the  spine  until  it 
ultimately  reached  and  involved  the  glands  in  the  posterior  triangle  of  the  neck. 
Equally  remarkable  instances  are  reported  by  others  2  The  great  tendency  for  all 
scrofulous  processes  to  degenerate  and  especially  to  become  caseous  is  too  well  known 
to  require  other  than  a  mere  notice.  For  many  years  caseous  matter  was  the  dis- 
tinctive emblem  of  struma,  and  constituted  the  very  touchstone  of  the  malady.  Two 
points  remain  to  be  considered  in  this  place — the  tendency  of  scrofulous  processes  to 
involve  lymphatic  tissues,  and  the  innocuability  of  the  products  of  the  disease.  With 
regard  to  the  former  matter  lymphatic  structures  have  always  played  an  important 
part  in  theories  advanced  from  time  to  time  as  to  the  anatomical  bases  of  scrofula. 
Virchow  regards  a  certain  structural  incompleteness  of  the  lymph-glandular  apparatus 
as  an  essential  factor  in  struma.  Villemin  has  recently  based  a  definition  of  the 
disease  upon  some  irritability  of  what  he  terms  the  ljmphatico-connective  system  ;  3 
other  authors  have  compared  the  lymphatic  apparatus  in  scrofula  to  the  condition  of 
the  vascular  channels  in  haemophilia;  and  some  have  gone  into  still  more  minute 

1  Guy's  Hospital  Reports,  vol.  xviii.  1873,  p.  401. 

8  See  Trans.  Path.  Soc.  Land.,  vol.  xxv.  1875,  p.  202 ;  also  vol.  xxv.  pp.  72  and  235. 
'  Scrnfulisme  et  Tubenulose,  L  Union  Medicate,  March  29,  1881. 
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detail.  Certain  conspicuous  facts  point  to  the  importance  of  the  lymphatic  system 
in  scrofulous  changes.  The  gland  diseases  of  struma  afford  overwhelming  evidence  of 
this  relationship.  Scrofulous  pharyngitis  is  but  a  caseous  inflammation  of  the 
lymphoid  tissue  of  the  pharynx ;  the  scrofulous  ulcer  of  the  intestine  has  a  like 
anatomical  basis ;  the  enlarged  tonsil,  one  of  the  commonest  of  scrofulous  ailments,  is 
but  a  mass  of  hypertrophied  lymphoid,  or  adenoid  tissue  ;  and  Mr.  Greig  Smith,1  in  a 
valuable  contribution  to  the  pathology  of  strumous  bone  disease,  can  speak  of  the  pro- 
cess involved  in  that  disease  as  essentially  a  lymphadenitis.  Grancher  2  has  shown 
that  the  hypertrophied  lip  of  the  strumous  is  mainly  due  to  greatly  dilated  lymphatic 
channels ;  and  Hueter  3  presumes  that  a  like  condition  of  those  passages  can  account 
for  the  sodden  and  pasty  skin  so  common  in  scrofulous  individuals.  There  is  much 
evidence,  moreover,  to  show  that  tubercle  requires  for  its  development  the  anatomical 
basis  of  lymphatic  or  adenoid  tissue,  and  that  a  conspicuous  implication  of  that  tissue 
is  a  prominent  and  constant  feature  in  the  tubercle-producing  process. 

Lastly,  with  regard  to  the  inoculability  of  the  products  of  scrofulous  inflam- 
mations, the  experiments  of  Burdon- Sanderson,  Villemin,  Wilson  Fox,  Klein,  and 
others  proved  that  '  tubercular  matter,'  if  introduced  into  the  tissues  of  certain 
animals,  was  capable  of  producing  a  disease  akin  to  acute  miliary  tuberculosis  in  man. 
More  recent  experiments  have  shown  that  the  products  of  essentially  scrofulous 
diseases — to  use  that  word  in  its  common  clinical  sense — can  produce  like  effects,  and 
general  tuberculosis  has  been  evoked  by  the  injection  of  pus  from  cold  abscess,  by 
inoculation  with  the  fungous  granulations  from  an  ordinary  '  white  swelling,'  with 
the  matter  of  so-called  scrofulous  osteitis  and  periostitis,  and  with  other  strumous 
products.  It  has  been  shown,  moreover,  that  inoculation  with  tubercular  matter  can 
produce  local  tubercular,  or  as  they  may  be  called  scrofulous,  manifestations.  Cohn- 
heim  4  injected  tubercular  matter  into  the  anterior  chamber  in  certain  animals,  and 
the  first  result  of  such  experiments  was  an  eruption  of  tubercles  upon  the  iris.  The 
injection  of  like  matter  into  the  testicle  has  caused  a  scrofulous  orchitis,  and  into  the 
knee-joint  an  arthritis  in  no  way  distinguishable  from  that  commonly  known  as 
strumous  joint  disease.4  Schuller's 6  experiments  are  still  more  important.  He 
caused  certain  animals  to  respire  finely  divided  tubercular  matter,  or  kept  them 
simply  confined  with  other  animals  who  had  been  rendered  tuberculous.  He  then 
contused  the  joints  of  these  apparently  healthy  animals,  and  the  result  was  that  in 
most  cases  a  scrofulous  or  tubercular  joint  disease  developed.  These  and  other  facts 
would  appear  to  support  the  theory  that  tubercvdosis,  and  of  course  also  scrofulosis, 
are  communicable  diseases  and  are  to  be  regarded  as  infectious. 

It  must  be  confessed,  however,  that  the  evidence  in  support  of  this  view  is  still 
insufficient,  and  those  who  maintain  the  infection  theory  have  somewhat  strange 
proposals  to  make  to  meet  the  more  pressing  difficulties  that  arise.  For  example,  one 
can  follow  Cohnheim  when  he  suggests  that  tuberculosis  of  the  intestinal  or  bronchial 
mucous  membranes  may  be  due  to  tubercular  matter  either  swallowed  or  respired  ; 
but  when  he  attempts  to  explain  tubercle  of  the  meninges  by  the  supposed  introduc- 
tion of  infective  matter  through  the  cribriform  plate,  and  to  account  for  tubercular 
bone  disease  after  injury  by  assuming  that  the  virus  is  already  in  the  blood  and  the 
lesion  has  merely  localised  it  in  the  part,  it  must  be  confessed  that  a  considerable 
stress  is  placed  upon  the  imaginative  faculties.7 

Schiiller,  Klebs,  Hueter,8  and  others,  have  endeavoured  to  show  that  the  infec- 
tive properties  of  tubercle  depend  upon  certain  micro-organisms  (Spaltpilze)  that 

1  Reprint  from  Bristol  Royal  Infirmary  Reports,  1878,  p.  90. 

2  But.  JEncycl.  des  Sciences  Med.,  Art:  Scrofule.    Paris,  1880,  p.  811. 

3  Orundriss  der  Chirurgie,  1880,  p.  266. 

4  Die  Tuberculose  torn  Standpundt  der  Infectionslehre.    Leipzig,  1880. 

5  See  art.  by  M.  Kiener,  L' Union  Medicale,  1881,  p.  316. 

6  Experimentelle  und  Histoloyische  Untersuch.  iiber  die  Entstehung  und  Ursachen  der 
Scroph.  und  Tuberk.  Gelenldeiden.    Stuttgard,  1880. 

7  A  good  summary  of  the  principal  points  in  support  of  the  theory  that  tubercular  pro- 
cesses are  communicable,  is  given  by  Dr.  Klein  in  the  1'r-actitiuner  for  August,  1881. 

6  For  summary  of  these  researches  see  Grundriss  der  Chirurgie.  By  0.  Heuter.  Leipzig, 
1880.    Vol.  i.  p.  270. 
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they  have  isolated;  but  Deutschmann,1  in  more  recent  researches,  has  disputed  this 
proposition.    The  matter,  therefore,  still  remains  in  dispute.2 

Scrofula  and  phthisis. — A  very  superficial  examination  of  the  question  as  to  the 
relations  between  scrofula  and  phthisis,  will  show  that  the  alliance  between  those 
two  diseases  is  very  close.    Phthisical  parents  often  beget  scrofulous  children,  and 
scrofulous  parents  a  phthisical  offspring.    Certain  members  of  the  family  may  be 
strumous  and  others  consumptive.   Excluding  purely  local  exciting  causes,  the  general 
hygienic  conditions  that  predispose  to  phthisis  are  identical  with  those  that  tend  to 
induce  scrofula;3  and  again  the  two  diseases  are  common  among  individuals  having  a 
like  physiognomy,  or  common  stamp  of  delicate  health.    I  would,  moreover,  maintain 
that  the  scrofulous  and  the  phthisical  processes  are  identical,  and  that  phthisis  is  as 
much  scrofula  of  the  lung,  as  a  strumous  lymphatic  mass  is  phthisis  of  a  gland.  The 
parallel  between  the  broken-down  cavity  in  scrofulous  caries,  or  the  purulent  collec- 
tion in  a  strumous  gland,  and  the  cavities  in  the  apex  of  a  phthisical  lung,  appears 
to  be  more  than  close.    The  histology  of  the  two  affections,  I  would  maintain,  shows 
also  evidence  of  but  one  morbid  process,  and  the  gland  enlargements  so  commonly 
associated  with  pulmonary  consumption  are  not  to  be  distinguished  from  those 
acknowledged  to  be  strumous.    Now  comes  the  important  question — Is  the  assertion 
of  certain  writers  that '  the  bulk  of  the  scrofulous  die  of  pulmonary  phthisis '  true  1 
The  answer  may  certainly  be  given  in  the  negative.    Scrofulous  individuals  are  but 
little  (if  at  all)  more  liable  to  phthisis  than  are  other  delicate  individuals.    If  even  a 
moderate  percentage  of  the  strumous  became  consumptive,  then  would  phthisis  be  an 
infinitely  more  prevalent  disease  than  ic  is  at  present,  and  at  least  the  great  mass  of 
the  phthisical  would  show  evidence  of  past  struma.    I  carefully  examined  a  number 
of  consumptive  patients  for  traces  of  scrofula;  and,  although  I  included  in  the  result 
the  most  trivial  evidences  of  the  latter  disease,  I  found  that  only  about  13  per 
cent,  of  phthisical  subjects  showed  the  least  trace  of  scrofula  either  past  or  present. 
Kiener  4  refers  to  the  after  history  of  87  cases  of  scrofulous  bone  and  joint  disease, 
Avith  the  result  that  only  six  out  of  that  number  died  of  any  form  of  tuberculosis. 
The  statistics  of  Phillips,5  although  open  to  some  criticism,  support  the  same  conclu- 
sion as  to  the  infrequency  of  strumous  evidences  in  those  afflicted  with  pulmonary 
phthisis.    I  think  the  explanation  of  these  facts  is  to  be  thus  expressed.    There  is 
an  antagonism  between  scrofulous  diseases  of  all  kinds.    It  is  uncommon  to  find  the 
same  patient  exhibiting  at  one  and  the  same  time  two  gross  evidences  of  struma. 
Out  of  509  cases  of  scrofula  obtained  from  the  records  of  the  Margate  Infirmary  for 
that  disease,  in  only  56  instances  did  the  patients  exhibit  more  than  one  gross  mani- 
festation of  scrofula ;  if  one  excluded  such  affections  as  stood  to  one  another  in  the 
relation  of  cause  and  effect,  and  of  which,  as  an  example,  I  may  cite  ophthalmia  or 
ozoena  associated  with  cervical  gland  disease. 

Instances  are  common  where  one  scrofulous  manifestation  immediately  subsides 
on  the  appearance  of  a  fresh  malady,  and  it  is  usual  for  the  victims  of  several  strumous 
affections  to  exhibit  those  diseases  consecutively." 

Classing  phthisis  as  a  strumous  disorder,  the  same  antagonism  applies  to  it  also. 
The  manner  in  which  scrofula  would  appear  to  exempt  a  patient  from  phthisis  may 
be  illustrated  by  an  example  such  as  this.  A  female,  aged  27,  an  out-patient  under 
my  care  at  the  London  Hospital,  presented  extensive  gland  enlargements  in  the  neck 
that  had  troubled  her  from  childhood.  Her  father  had  died  of  phthisis.  She  was 
the  youngest  but  one  in  a  family  of  seven  children.  Of  these  the  two  elder  died 
marasmic  in  infancy ;  the  third,  a  male,  died  at  21  of  phthisis ;  the  fourth,  a  male,  died 
at  22  of  phthisis  ;  the  fifth,  a  female,  died  at  30  of  phthisis;  and  the  youngest  member 

1  Centralblatt  f.  Med.  Wissensc.h.   No.  18,  1881,  p.  322. 

2  Quite  recently  Koch  has  demonstrated,  in  a  manner  apparently  unanswerable,  the  bacillus 
of  tubercle  and  its  infective  properties. 

3  See  Ruehie,  Art.  Pulm.  Consumption,  Ziemssen's  Cyclopcedia  of  Medicine,  vol.  v.  p 
493. 

1  L1  Union  Medicate,  loc.  cit.  p.  319. 

5  Scrofula.    London,  1846. 

6  See  remarks  by  Birch-IIirschfeld,  Ziemssen's  Cyclopcedia  of  Medicine,  vol.  xvi.  p.  781 
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of  the  family,  a  male  aged  20,  is  at  present  in  good  health.  The  patient  is  the  only 
one  of  .the  family  with  any  evidences  of  scrofula,  and  it  would  appear  that  the  per  • 
sistent  gland  disease  from  which  she  suffered  has  saved  her  from  the  fate  of  her 
brothers  and  sister. 

Many  times  has  it  been  observed  that  with  the  onset  of  phthisis  a  pre-existing 
strumous  disease  has  at  once  subsided,  and  there  would  appear,  therefore,  to  be  some 
truth  in  the  ancient  assertion  that  external  tuberculosis,  such  as  gland  disease, 
afforded  a  protection  from  such  internal  forms  of  tuberculosis  as  pulmonary  phthisis. 
If  there  is  a  strong  tendency  to  phthisis  in  a  family  and  certain  of  the  children  are 
strumous,  I  would  hold  that  they  are  less  likely  to  become  phthisical  than  are  those 
of  their  brothers  and  sisters  who  are  not  strumous,  and  perhaps  a  little  more  likely 
to  become  consumptive  than  would  other  simply  delicate  individuals.  Commonly  a 
strumous  disease  in  childhood  or  early  life  becomes  cured  and  the  patient  is  exempt 
for  the  rest  of  his  life  as  well  from  phthisis  as  from  any  other  scrofulous  malady,  or 
is  at  least  placed  with  regard  to  the  former  malady  in  the  same  position  as  would  be 
any  non-scrofulous  person. 

JEtiology  of  scrofula. — Scrofula  may  be  either  inherited  or  acquired.  With  regard 
to  heredity  it  would  appear  that  any  tubercular  condition  in  the  parent  may  produce 
struma  in  the  children.  Phthisis  in  the  parent,  especially  in  the  father,  is  a  frequent 
cause  of  scrofula.  In  sixty-five  cases  of  scrofula  I  carefully  investigated  the  family  history 
of  the  patients  with  the  following  result :  In  twenty-seven  instances  there  were  no  traces 
of  phthisis  in  any  member  of  the  family  near  or  remote.  In  thirteen  cases  the  father 
had  been  phthisical  and  in  six  cases  the  mother,  while  in  ten  of  the  remaining  instances 
there  was  a  history  of  phthisis  among  the  father's  relations  and  in  nine  among  the 
mother's,  although  both  parents  were  themselves  free  from  the  disease.  Some  of  the 
worst  cases  of  scrofula  occur  in  children  whose  fathers  had  been  phthisical  at  the 
time  that  the  mothers  were  impregnated.  Scrofula  in  the  parents  may  also  appear 
as  scrofula  in  the  children,  and,  so  far  as  my  own  experience  goes,  this  influence  would 
appear  to  be  more  potent  from  the  mother's  side. 

Scrofula  is  often  distributed  among  the  members  of  a  family  with  the  utmost 
irregularity ;  sometimes  the  elder  children  are  strumous  and  the  youngest  sound,  or 
the  elder  may  be  exempt  and  the  subsequent  children  the  only  sufferers.  And  this 
unequal  distribution  of  disease  would  appear  to  be  independent  of  any  known  or 
appreciable  cause.  It  is  very  doubtful  if  '  a  deteriorated  state  of  health  in  the 
parents,  from  any  cause,  to  a  degree  sufficient  to  produce  a  state  of  cachexia,  may 
give  rise  to  the  scrofulous  constitution  in  the  offspring,'  as  Sir  J.  Clark  has  main- 
tained.1 The  children  of  patients  the  subjects  of  cancer,  chronic  renal  disease,  chronic 
heart  disease,  or  other  like  affections  capable  of  '  producing  a  state  of  cachexia,'  do 
not  appear  to  be  unduly  liable  to  scrofula.  Exception  must  perhaps  be  made  of 
syphilis.  1  have  met  with  several  instances  where  there  had  been  syphilis  in  the 
parents,  and  where  the  eldest  children  showed  evidence  of  the  hereditary  form  of 
that  disease,  while  the  younger  of  the  offspring  exhibited  some  such  scrofulous  dis- 
order as  glandular  enlargements,  lupus,  or  phlyctenular  ophthalmia. 

Locality  and  climate  would  appear  to  have  some  influence  in  the  aetiology  of 
scrofula,  although  more  complete  statistics  are  wanted  upon  this  point  before  any 
conclusions  can  be  arrived  at.  It  would,  however,  be  reasonably  expected  that 
struma  would  be  more  common  in  cold  and  damp  localities,  inasmuch  as  such 
climateric  influences  would  be  likely  to  excite  the  catarrhs  that  so  often  prove  the 
commencement  of  strumous  lesions. 

With  regard  to  age,  scrofula  is  most  common  between  the  ages  of  three  and  fifteen. 
This  is  to  be  explained  by  the  great  activity  of  the  lymphatic  system  in  early  life ; 
not  only,  it  must  be  noted,  an  activity  in  the  glandular  apparatus,  but  also  in  the 
adenoid  structures  of  mucous  membranes  and  in  the  medullary  tissue  of  bone. 
Before  the  age  of  one  year  struma  is  quite  uncommon,  and  if  it  does  occur  before  that 
age  is  usually  severe  in  its  character.  An  outbreak  of  the  disease  is  not  uncommon 
between  twenty  and  thirty,  or  again  a  little  after  thirty,  especially  in  females  :  and 
1  A  Treatise  on  Pulmonary  Consumption.    Lond.  1835,  p.  222. 
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scrofula  may  also  appear  quite  late  in  life,  and  that  also  in  some  instances  for  the 
first  time  ('  senile  struma').  Sex  appears  to  have  no  influence  in  the  production  of 
scrofula,  the  only  facts  worth  noting  being  that  gland  disease  appears  to  be  somewhat 
more  common  in  the  female  and  joint  affection  in  the  male.  I  think  it  has  been 
fully  established  that  scrofula  does  not  especially  favour  individuals  of  a  certain 
complexion. 

The  circumstances  under  which  scrofula  may  be  acquired  '  de  novo '  are  very 
numerous,  and  involve  all  the  conditions  of  bad  or  defective  hygiene.  Among  them 
may  be  mentioned  bad  ventilation,  crowding,  want  of  light,  deficient  or  improper 
food,  defective  clothing,  and  the  other  general  associations  of  squalor  and  poverty. 
The  most  striking  instances  of  acquired  scrofula  are  afforded  by  poor-houses  and 
prisons,  although  examples  from  these  sources  are  much  less  common  than  in  past 
years.1  Scrofula  derived  under  these  conditions  has  been  well  termed  '  parochial 
struma  '  and  '  penitentiary  scrofula.' 

Speaking  of  the  respective  parts  taken  in  the  aetiology  of  scrofula  by  hereditary 
and  acquired  conditions,  Mr.  Savory  well  observes  tha,t  'the  causes  of  disease  are 
conveniently  and  naturally  divided  into  predisposing  and  exciting  or  determining, 
and  the  development  of  disease  depends  upon  the  extent  to  which  these  causes  act 
in  combination.  For  example,  by  way  of  illustration  merely,  let  it  be  assumed 
that  any  given  disease  cannot  be  produced  unless  the  sum  of  the  causes  reaches  a 
certain  figure — say  a  hundred.  Now  so  long  as  this  number  can  be  attained  by  the 
causes  conjointly,  it  matters  not  what  their  relative  share  in  it  may  be.  The  pre- 
disposing cause  may  equal  seventy,  and  the  exciting  cause  thirty,  or  vice  versa. 
From  this  it  follows,  as  is  well  known,  that  when  the  predisposition  to  disease  is 
strongly  marked,  the  most  trivial  exciting  cause  may  suffice  to  develop  it  :  it  may 
be  ninety-nine  to  one.  On  the  other  hand,  if  the  exciting  cause  or  causes  be 
sufficiently  intense  and  prolonged,  the  disease  may  be  produced  when  there  is  only 
the  faintest  predisposition.' 2  Some  of  the  chief  facts  with  regard  to  the  exciting 
causes  of  scrofulous  affections  will  be  alluded  to  subsequently  when  speaking  of  the 
glandular  enlargements  in  this  disease. 

The  scrofulous  physiognomy. — It  must  be  allowed  that  there  is  no  particular 
type  of  face  or  form  absolutely  peculiar  to  scrofula.  The  most  that  can  be  said  of 
the  physiognomy  of  scrofula,  in  a  large  mass  of  cases,  is  merely  that  it  is  the 
physiognomy  of  delicate  health.  Until  a  child  exhibits  some  actual  manifestation  of 
scrofula  it  is  in  many  cases  impossible,  from  outward  appearances,  to  recognise  the 
presence  of  the  so-called  strumous  taint.  More  than  that,  cases  occasionally  occur 
where  scrofulous  diseases  appear  in  individuals  who  outwardly  present  all  the 
features  of  sound  health. 

Allowing  this,  however,  it  must  also  be  allowed  that  out  of  the  whole  mass  of 
the  strumous,  certain  types  of  physiognomy  are  occasionally  to  be  met  with  that 
permit  of  some  classification  of  scrofulous  persons  according  to  their  features  and 
general  configuration.  Formerly  all  strumous  individuals  were  ranked  in  one  of 
two  classes,  and  were  maintained  to  present  either  the  '  sanguine '  or  the  '  phlegmatic  ' 
form  of  scrofula.  These  types  of  scrofula  are  but  types  ;  they  are  to  be  met  with,  and 
that  not  very  rarely ;  but  while  detailing  them  it  must  be  borne  in  mind  that  they  by 
no  means  include  the  whole  family  of  the  strumous,  nor  are  they  indeed  absolute 
tokens  of  that  disease. 

Individuals  presenting  the  so-called  '  sanguine '  form  of  struma  are  credited  with 
the  following  features — features,  it  may  be  remarked,  that  apply  especially  tochildren. 
They  are  slight  and  possess  well-shaped  limbs  ;  the  skin  is  fine  and  clear,  the  hair 
often  very  silken  and  the  eyelashes  long,  the  face  tends  to  be  oval,  the  lower  jaw  to 
be  small,  and  the  features  generally  well  formed  and  regular.  Such  a  physiognomy 
accords  with  the  descriptions  of  the  tubercular  type  of  individual,  and  scrofulous 
patients  presenting  these  features  usually  exhibit  also  distinct  evidences  of  heredity 

1  See  Scrofula,  its  Nature,  &c,  by  W.  Tyler  Smith.  London,  1844,  p.  31 ;  also  De 
PAdenopathie  oervicale  chez  Us  Scrqfuleu.v.    By  Dr.  Deligny.    Paris,  1876. 

2  Art.  Scrofula,  in  previous  edition  of  this  work,  vol.  i.  p.  365. 
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and  a  family  disposition  to  phthisis.  The  so-called  '  phlegmatic  '  type  of  struma  is 
represented  by  an  individual  with  coarse  and  ill-formed  limbs,  thick,  sodden,  and 
coarse  skin,  a  redundant  amount  of  subcutaneous  tissues,  a  squarish  face  with 
irregular  features  and  a  large  lower  jaw.  Such  individuals  often  appear  to  present 
a  very  defective  circulation ;  their  extremities  generally  look  chilled,  and  they  are 
peculiarly  liable  to  chilblains.  Such  a  type  of  scrofula  is  usual  among  the  acquired 
examples  of  the  disease,  is  well  seen  in  so-called  '  parochial  struma,'  and  affords 
when  marked  the  most  certain  approach  to  a  definite  scrofulous  physiognomy. 

A  blending  of  these  two  arbitrary  types  of  face  will  produce  a  modified  and 
not  unpleasant  physiognomy  that  has  been  described  under  the  title  of  '  pretty 
stvurna.' 

The  manifestations  of  scrofula. — The  scrofulous  individual  is  liable  to  certain  ail- 
ments which  may  be  very  briefly  alluded  to  according  to  the  tissues  that  they  involve. 

Skin. — The  commonest  skin  affection  of  the  strumous  is  eczema.  This 
eruption  occurs  usually  very  early  in  the  life  of  the  individual,  is  most  common 
about  the  face  and  scalp,  and  especially  frequent  behind  the  ears  and  about  the  nose 
and  mouth.  It  is  marked  by  a  considerable  amount  of  exudation,  which  is  very  apt 
to  become  pustular  when  the  disease  affects  the  scalp,  does  not  tend  to  be  extensive, 
although  it  is  apt  to  persist  and  to  relapse.  It  is  often  one  of  the  earliest  manifesta- 
tions of  struma.  The  various  forms  of  lupus  rank  next  in  frequency  among  the  skin 
ailments  of  this  disease,  and  require  no  further  notice  in  this  place  (see  Diseases 
of  the  Skin).  There  is  a  form  of  lichen  described  by  Hebra,1  under  the  title  of  '  lichen 
scrofulosorutn,'  that  appears  to  be  almost  limited  to  the  strumous.  It  appears  in 
roundish  clusters  of  eruption,  is  most  common  about  the  trunk,  and  is  usually  met 
with  about  the  age  of  puberty.  It  would  appear  to  particularly  attack  males.  It  has 
been  maintained  that  certain  parasitic  skin  diseases,  especially  favus,  are  more 
common  in  strumous  than  in  non-strumous  individuals.  But  it  would  seem  rather 
that  the  circumstances  that  are  most  favourable  to  the  development  of  struma  are 
identical  with  those  that  would  most  encourage  the  growth  of  parasitic  affections  of 
all  kinds.  The  erythema  perino,  or  chilblain,  is  very  common  in  scrofula,  and  is  re- 
markable for  the  obstinacy  with  which  it  often  persists  in  that  disease  and  for  the 
amount  of  ulceration  with  which  it  is  not  unfrequently  associated.  An  account  of  the 
scrofulous  ulcer  will  be  found  in  the  essay  on  Ulcers. 

Mucous  membranes. — Scrofulous  patients  exhibit  a  remarkable  tendency  to 
catarrhs  that  are  often  excited  by  trifling  causes,  are  apt  to  become  chronic  and  to 
relapse.  The  bronchial  mucous  membrane  is  often  thus  affected  (scrofulous  bronchitis),  as 
is  also  the  alimentary  tract  leading  to  a  chronic  form  of  dyspepsia,  marked,  as  Mr. 
Savory  observes,  by  these  features  :  '  The  breath  is  often  sour  and  foetid  ;  the  tongue  is 
furred,  and  the  papilla?  towards  the  apex  red  and  prominent ;  the  bowels  act  irregu- 
larly, and  the  evacuations  are  unusually  offensive  ;  the  digestion  weak  ;  the  appetite 
variable  and  capricious.'  2  By  some  this  dyspepsia  has  been  regarded  as  the  most  im- 
portant and  conspicuous  feature  of  struma.  An  enlargement  of  the  tonsils,  or  at 
least  a  hypertrophy  of  adenoid  tissue  at  the  back  of  the  pharynx,  is  very  usual  in 
scrofula,  and  may  be  almost  regarded  as  pathognomonic  of  the  disease.  Stomatitis, 
coryza,  ozcena,  otorrhcea,  muco-purulent  discharges  from  the  vagina,  are  all  unduly 
common  in  scrofula,  as  are  also  tinea  tarsi  and  phlyctenular  ophthalmia.  So  usually  is 
the  last-mentioned  affection  associated  with  struma,  that  it  is  commonly  spoken  of  as 
scrofulous  ophthalmia.  Bone  affections  are  among  the  most  serious  outcomes  of  this 
malady.  Caries  is  the  usual  form  of  disease  assumed,  and  the  majority  of  the  cases 
would  appear  to  commence  between  the  ages  of  5  and  20  years.  As  regards  situa- 
tion, the  analysis  of  152  cases  of  bone  disease  from  the  Margate  records  gives  these 
results  :  Bones  of  the  foot  35  cases,  spine  25,  bones  of  leg  (chiefly  tibia),  124,  femur 
17,  bones  of  hand  13,  pelvic  bones  10,  forearm  8,  skull  8,  humerus  7,  ribs  2,  and 
sternum  2.    There  is  an  affection  of  the  phalanges  common  in  children  under  the 

1  Disease*  of  the.  Skin.    Sydenham  Soc,  vol.  ii.  p.  52.    For  Plates  see  Trans.  Clinical 
Son.,  Lond.,  vol.  xii. 
-  Loc.  cit.  p.  863. 
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age  of  5  known  as  dactytilis  that  would  appear  to  be  almost  invariably  strumous. 
The  disease  commence*  in  the  interior  of  the  bone  and  gradually  expands  it,  produc- 
ing a  flask-shaped  swelling  about  which  sinuses  soon  form.  The  joint  diseases  of 
scrofula  are  well  known  and  are  elsewhere  fully  dealt  with.  An  examination  of 
143  joint  cases  from  the  Margate  records  gives  the  following  result  as  regards  the 
frequency  with  which  certain  joints  are  affected  : —Hip  65,  knee  44,  ankle  14, 
elbow  13,  shoulders  3,  wrist  3,  and  sacro-iliac  joint  1. 

The  gland  diseases  of  scrofula  will  receive  special  notice  subsequently. 
Senile  struma  1  appears  to  be  most  common  between  the  ages  of  70  and  80  and 
to  appear  more  frequently  in  women  than  in  men.  The  disease  may  be  primary, 
although  in  most  cases  there  have  been  some  manifestations  of  scrofula  in  early  life. 
The  affections  of  senile  struma  are  identical  with  those  that  mark  the  disease  in 
early  life,  and  among  the  more  usual  may  be  noted  bone  and  joint  diseases,  lupus, 
gland  affections,  and  ulcers  of  the  skin. 

Space  will  only  permit  of  a  consideration,  in  anything  like  detail,  of  one  of  the 
manifestations  of  scrofula,  but  that  manifestation,  while  it  may  not  be  the  most 
grave,  is  certainly  both  the  most  frequent  and  the  most  typical  outcome  of  the  disease, 
and  affords  at  the  same  time  the  best  material  for  displaying  the  pathological  process 
involved  in  scrofula.    I  allude  to  the  glandular  affections. 

Scrofulous  disease  of  lymphatic  glands. — It  must  not  be  supposed,  as  is  not  in- 
frequently the  case,  that  all  glandular  enlargements  in  delicate  children  are  of  neces- 
sity scrofulous.  The  bulk  probably  are  of  this  nature.    The  main  features  of  strumous 
gland  tumours,  so  far  as  they  can  be  expressed  in  a  few  words,  are  these.  They  are  most 
common  in  children  and  in  the  cervical  region.    Their  course  is  chronic,  they  are 
often  induced  by  very  trifling  peripheral  lesions,  and  have  a  great  tendency  to  persist 
and  to  increase  long  after  the  exciting  lesion  has  ceased  to  act.  They  tend  to  become 
caseous,  to  suppurate,  to  lead  to  troublesome  sinuses  and  often  to  unsightly  scars. 
As  regards  situation,  an  examination  of  155  cases  of  gland  disease  from  the  Margate 
records  gives  this  result  : — Neck  alone  131  instances,  neck  and  axilla  12,  groin  alone 
6,  axilla  alone  4,  neck  and  groin  1,  neck,  groin  and  axilla  1.    These  statistics  refer, 
as  it  will  be  seen,  to  the  external  glands  only,  with  which  we  are  in  the  present 
instance  alone  concerned.    In  the  matter  of  (etiology  it  is  doubtful  if  any  of  the 
gland  enlargements  in  struma  are  of  primary  origin,  the  majority  (perhaps  the  entire 
number)  are  induced  by  some  peripheral  lesion  that  involves  the  lymphatics  proper 
to  the  various  glands.    From  causes  either  heredited  or  acquired,  a  certain  tissue 
weakness  exists,  and  it  needs  but  a  trifling  local  cause  for  that  weakness  to  display 
itself  in  the  production  of  gland  masses.    Among  the  commonest  exciting  causes  of 
cervical  gland  disease  may  be  mentioned,  afieciions  of  the  buccal  and  naso-pharyngeal 
mucous  membranes,  tonsillar  affections,  otorrhcea,  ophthalmia,  eruptions  upon  the  face 
or  scalp,  defective  dentition,  and  like  disturbances.    Gland  enlargements  very  com- 
monly appear  for  the  first  time  after  an  attack  of  measles  or  scarlet  fever.  These 
exanthems  act  in  two  ways ;  not  only  do  they  depress  the  general  state  of  health, 
and  so  favour  the  outbreak  of  any  constitutional  weakness,  but  in  the  second  place, 
by  the  catarrhs  with  which  they  are  associated,  they  actually  provoke  a  gland  affection 
that  continues  to  progress  long  after  the  disordered  mucous  membrane  has  regained 
its  normal  condition.    There  are  certain  lesions  more  potent  to  excite  gland  disturb- 
ances than  others.    As  I  have  pointed  out  elsewhere2  the  peripheral  lesion  most 
active  in  inducing  scrofulous  gland  enlargements  is  a  lesion  that  implicates  the 
adenoid  tissues  of  a  mucous  membrane.    The  most  extensive  collections  of  adenoid 
tissue  are  found  in  the  naso-pharyngeal  mucous  membrane  and  in  the  linings  of  the 
bronchi  and  intestines,  and  it  is  significant  that  the  glands  most  often  the  seat  of 
scrofulous  disorders  are  the  cervical,  the  bronchial,  and  the  mesenteric.    No  peri- 
pheral mischief  more  readily  induces  a  glandular  swelling  than  does  some  affection 
located  in  the  pharynx  where  adenoid  structures  are  so  plentiful ;  and,  on  the  other 

1  Clinical  Lectures.     By  Sir  James  Paget.     London,  1875.     See  also  Sur  quelques 
Observations  de  Scrofule  chez  les  Vieillards.    These  de  Paris,  1876.    By  Br.  Bourdelais. 
3  Scrofula  and  its  Gland  Diseases.    By  Frederick  Treves.    Loud.  1882,  p.  135. 
Yol.  I.  Q 
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hand,  sores  may  exist  for  a  long  while  on  the  fingers,  or  bone  disease  may  produce 
severe  ravages  in  the  hand,  before  the  glands  in  the  axilla  become  affected. 

1  think,  without  entering  into  further  detail,  that  no  explanation  other  than  that 
I  have  j  ust  now  offered  can  explain  the  disproportion  between  cervical  and  axillary 
gland  disease — a  disproportion  of  131  to  4.  To  turn  to  another  matter,  it  will  be 
observed  that  certain  skin  affections  more  readily  induce  gland  complications  than 
do  others,  presuming  that  the  duration  and  perhaps  the  extent  of  the  disease  are 
identical  in  any  two  instances  that  are  compared.  The  eruptions  that  most  rapidly 
produce  glandular  enlargements  are  those  whose  exudations  are  pent  up  and  cannot 
readily  escape.  The  best  example  of  this  is  afforded  by  a  pustular  eczema  of  the 
scalp  when  scabs  are  allowed  to  form,  and  the  discharges  therefore  are  unable  to  find 
an  easy  exit. 

Histology  of  scrofulous  lymphatic  glands,  —The  scrofulous  process,  as  seen  in  the 
well-known  gland  tumours  of  the  disease,  assumes  very  various  aspects.  So  diverse 
are  some  •of  these  that  elaborate  classifications  of  strumous  gland  enlargements  have 
from  time  to  time  been  made,  and  while  some  of  these  masses  have  been  classed  as 
simple  hypertrophies,  others  have  been  grouped  with  the  outcomes  of  chronic  in- 
flammation, while  the  remainder  have  perhaps  been  described  as  due  to  the  deposit 
of  a  tubercular  neoplasm,  independent  either  of  hypertrophy  or  of  inflammation. 
Various,  however,  as  are  its  effects,  it  must  be  allowed  that  there  is  but  one  process 
involved  in  strumous  gland  disease,  a  process  indeed  of  chronic  inflammation,  having 
■the  marked  peculiarities  that  have  been  already  described.  To  none  of  these  glands 
can  the  term  hypertrophy  be  applied,  nor  indeed  are  the  circumstances  under  which 
they  appear  such  as  are  usual  for  the  production  of  pure  hypertrophies.  The  scro- 
fulous process  differs  greatly  both  in  intensity  and  degree,  and  these  differences  pro- 
duce gland  tumours  of  Very  variable  aspect  and  of  different  clinical  attributes.  For 
purposes  solely  of  convenience  in  description  I  have  ventured  t  >  divide  these  gland- 
ular tumours  into  three  classes,  but  it  must  be  clearly  understood  that  these 
divisions  are  purely  arbitrary,  that  they  indicate  but  different  grades  of  one  and  the 
same  process,  and  that  in  actual  fact  they  blend  with  one  another  so  completely  as  to 
leave  none  of  those  lines  of  demarcation  which  for  purposes  of  readier  description  I 
have  ventured  to  lay  down. 

1.  The  first  change  noticed  in  these  glands  is  an  increase  in  the  number  of  their 
lymph  corpuscles.  This  increase  is  observed  not  only  in  the  gland  tissue  proper,  but 
also  in  the  sinuses.  These  latter  sometimes  appear  to  be  almost  blocked  with 
leucocytes,  so  that  injection  can  with  difficulty  be  forced  along  them.  Soon  certain 
spots  of  altered  tissue  ,appear  in  the  glands,  that  are  conspicuous  from  the  fact  that 
in  specimens  prepared  with  hematoxylin  they  appear  more  lightly  stained  than  does 
the  rest  of  the  section.'  These  spots  occur  in  the  gland  tissue  proper,  and  appear 
first  in  the  medullary  or  deeper  parts  of  the  organ,  and  from  an  examination  of  a 
very  large  number  of  specimens,  I  am  enabled  to  contradict  the  statement  that  the 
first  morbid  changes  occur  in  the  peripheral  portion  of  the  organ  as  asserted  by  some. 
Fig.  1  shows  two  ©f  these  spots  in  the  cortical  follicles  of  a  gland  the  central  parts  of 
which  were  already  caseous.  A  close  examination  of  these  spots  (see  Fig.  2)  shows 
that  they  are  occupied  by  a  large  number  of  cell  elements  ;  some  of  these  are  ordinary 
lymph  corpuscles,  others  are  lymph  corpuscles  apparently  increased  in  size  and  pre- 
senting a  lighter  staining  property.  Others,  again,  are  certain  large  and  conspicuous 
cell  elements,  with  cleat  and  pellucid  contents,  and  often  of  considerable  size.  These 
nucleardike  bodies  were  first  described  by  Rindfleisch,  and  were  justly  considered  by 
him  as  typical  of  the  strumous  process.  Every  gradation  can  be  seen  between  the 
simple  unaltered  lymph  corpuscles  and  these  large  ceils,  and  all  ths  elements  in  the 
affected  district  show  evidence  of  very  active  proliferation.  These  spots,  moreover, 
are  unduly  vascular.  The  affected  districts  gradually  increase  in  dimensions,  retain 
ing,  however,  a  more  or  less  rounded  outline.  Soon,  or  at  the  same  time,  the  lymph 
sinuses  in  the  vicinity  of  these  spcxts  show  active  changes.  The  endothelium  that 
lines  their  walls  proliferates,  amd  from  this  endothelium  a  dense  reticulum  is  de- 
veloped, which  more  or  less  occupies  the  lumen  of  the  sirum,  and  which  is  distinguish- 
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able  from  the  normal  reticulum  within  the  sinus  by  its  coarseness  and  often  mem- 
brane-like character.  The  adenoid  structure  of  the  proper  gland  tissue  becomes  in- 
creased in  density,  and  its  individual  fibres  in  width;  the  trabecular  are  seen  to  be 
infiltrated  with  a  crowd  of  leucocytes,  and  the  anatomical  elements  of  the  gland 
become  confused  and  all  traces  of  definite  structure  lost.  Opacity  is  soon  added  to 
the  affected  districts  by  the  appearance  of  a  generally  diffused  homogeneous  matter 
that  would  appear  to  be  identical  with  coagulated  lymph.  By  a  gradual  extension 
of  the  process,  large  opaque  districts  of  rounded  outline  are  found  scattered  through- 
out the  gland  ;  these  fuse  and  form  larger  areas,  and  so  the  morbid  change  progresses, 
and  an  appearance  is  produced  somewhat  akin  to  that  depicted  in  Fig.  3,  which  re- 
presents, however,  a  more  chronic  process  than  is  now  being  described.  These 
large  opaque  spots  soon  become  non-vascular  and  caseation  appears.  The  first  cells 
to  perish  are  the  large  cell  elements  of  Bindfleisch,  and  the  last  to  disappear  are 
the  endothelial  cell  plates.  The  structure,  however,  that  the  longest  resists  the 
caseating  process  is  the  fibrillar  tissue  of  the  gland.  As  the  destructive  change 
progresses,  the  caseous  spots  soften  down  into  purulent  cavities.  These  increase  in 
dimensions,  so  tha.t  the  gland  may  at  last  appear  to  be  little  more  than  a  bag  of  pus. 
During  the  progress  of  these  changes  in  the  oigan  the  capsule  becomes  thickened  and 
increased  in  density,  and  processes  akin  to  those  just  described  invade  the  lymphatic 
structures  between  the  layers  of  the  capsule. 

Here  it  will  be  seen  that  the  termination  by  caseation  ensues  before  either  giant 
cells  or  tubercles  have  made  their  appearance. 

The  general  clinical  features  of  such  glands  are  as  follows.  They  enlarge  toler- 
ably quickly  and  show  a  somewhat  less  chronic  course  than  do  the  majority  of  strumous 
glands  ;  they  seldom  attain  great  siz  j,  but  are  often  numerous,  and  tend  to  readily 
become  matted  together,  and  to  contract  adhesions  to  adjacent  parts.  They  very 
commonly  excite  suppuration  in  the  adjacent  tissues  (peri-adenitis).  They  soon  be- 
come caseous,  or  suppurate.  To  the  naked  eye  they  present  but  little  thickening  of 
the  capsule,  are  fleshy  and  opaque-looking  on  section,  and  present,  here  and  there, 
a  cheesy  spot  that  projects  above  the  cut  surface,  or  a  cavity  or  two  filled  with  thick 
pus,  or  larger  areas  of  caseation  or  suppuration. 

2.  It  is  well  known  that  the  more  intense  an  inflammatory  process,  the  more 
cellular  are  its  products,  while  chronic  changes  are  more  apt  to  be  associated  with 
the  formation  of  fibrous  material.  The  condition  of  gland  just  described  represents 
the  most  intense  phase  of  the  scrofulous  process.  The  changes  now  to  be  dealt  with 
show  less  activity,  and  in  consequence  a  greater  disposition  to  a  development  of  fibrous 
matter.  In  these  active  glands  the  process  commences  in  a  similar  manner,  but  the 
cellular  products  are  less  evident.  The  changes,  moreover,  are  more  diffused  and  less 
apt  to  form  so  distinctly  isolated  spots.  The  reticulum  within  the  lymph  sinuses 
is  denser,  and  the  adenoid  tissue  of  the  gland  shows  a  much  more  extensive 
fibrillar  formation.  Thus  it  happens  that  the  opaque  basis  or  ground  substance  of 
the  affected  districts  is  less  homogeneous  and  shows  more  distinct  fibrillation.  The 
cellular  elements  also  show  more  varieties  of  outline  and  (on  account  of  the  promi- 
nence assumed  by  the  fibrous  structures)  appeal-  to  be  much  less  numerous  than  in  the 
preceding  class  of  gland.  In  the  midst  of  the  affected  districts  giant  cells  appear. 
The  general  features  of  these  so-called  cells  are  well  known,  and  are  represented  in 
Figs.  4,  9,  and  10.  Under  no  circumstances  do  they  commence  the  morbid  process, 
as  has  been  asserted  by  at  least  one  pathologist.  They  rather  indicate  a  certain 
stage  in  the  strumous  change,  a  stage  that  may  never  be  reached,  as  is  the  case  in 
those  glands  tumours  I  have  already  described.  Many  of  these  giant  masses  are 
situated  in  the  lymph  sinuses,  as  is  shown  in  Fig.  i,  where  they  can  be  seen  to  be 
ranged  along  the  sides  of  an  altered  trabecula.  Others  are  deposited  in  the  proper 
gland  tissue,  and  as  regards  their  general  arrangement  the  utmost  irregularity  exists. 
Into  their  nature  it  will  be  unnecessary  to  enter.  I  have  elsewhere  1  endeavoured  to 
prove  that  they  are  merely  lymph  coagula  that,  in  process  of  formation,  have  included 
a  certain  number  of  the  cells  of  the  part.    In  Fig.  9;  are  represented  giant  cells  from 

1  See  lecture  delivered  by  author  at  Royal  College  of  Surgeons.  Reported  in  Brit.  Med. 
Journ.  April,  1818,  and  paper  in  Trans,  of  Interned.  Med.  Cune/ress,  Lond.  1882,  vol.  i.  p.  298. 
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chronically  inflamed  connective  tissue  about  a  disorganised  knee-joint.  Here  the 
giant  cells  appear  without  doubt  located  in  lymphatic  vessels,  and  I  think  that  their 
identity  with  those  found  in  scrofulous  glands  will  be  allowed.  I  have  also  repre- 
sented in  Fig.  10  some  giant  cells  from  a  patch  of  lupus  tissue,  to  show  their  precise 
resemblance  to  like  masses  in  the  lymphatic  organs,  and  I  would  maintain  that 
giant  cells  in  all  forms  of  the  scrofulous  process,  no  matter  where  located,  are 
identical  in  their  general  features  and  identical  in  their  mode  of  origin.  Fig.  3 
shows  in  a  general  view  the  manner  in  which  these  giant  cells  are  distributed,  and 
the  relation  they  baar  to  the  affected  districts.  With  the  appearance  of  these  giant 
cells  the  process  ends  and  caseation  commences.  This  caseous  change  is  very  slow 
and  very  diffused.  It  dimly  affects  large  districts  rather  than  prominently  a 
few  isolated  and  conspicuous  spots.  Fig.  5  is  taken  from  the  extreme  edge  of  a 
caseous  patch,  and  shows  the  general  aspect  of  the  change.  If  suppuration  follows, 
it  generally  appears  in  the  form  of  many  very  minute  specks  scattered  here  and  there, 
and  will  often  thus  affect  a  good  portion  of  the  gland  before  the  suppurating  centres 
have  sufficiently  cohered  to  form  a  lai'ge  purulent  collection.  The  term  suppuration  is 
perhaps  hardly  the  right  one  for  the  pus-like  collections  formed  in  these  glands. 
These  collections  appear  due  in  the  first  instance  rather  to  a  liquefaction  of  the 
caseous  areas,  and  are  then,  no  doubt,  augmented  by  a  true  suppuration  excited  in  the 
surrounding  less  altered  gland  tissue.  A  caseous  spot  is  absolutely  non- vascular  and 
in  itself  utterly  incapable  of  lapsing  into  suppuration.  It  would  appear  rather 
to  act  as  an  irritant  upon  the  already  inflamed  structures  that  immediately  encroach 
upon  it. 

Glands  that  show  these  changes  are  among  the  commonest  of  all  strumous  gland 
tumours.  They  enlarge  indolently  and  often  very  irregularly,  and  at  any  time  the 
process  may  become,  for  a  while  at  least,  quiescent.  They  are  often  numerous,  and 
are  apt  to  attain  large  dimensions,  and  frequently  remain  for  a  long  time  freely 
movable.  On  section  they  have  a  uniform  fleshy  semi-transparent  aspect,  as  if  they 
had  been  soaked  in  glycerine.  A  more  opaque  aspect  is  assumed  as  caseation 
advances,  and  such  glands  have  been  not  inaptly  compared,  when  sliced  open,  to  a 
section  of  a  raw  potato.  Many  of  these  glands  have  evidently  formed  the  bases  for 
the  descriptions  of  hypertrophy  affecting  the  lymphatic  bodies.  Often  very  minute 
yellow  specks  can  be  seen  dotted  about  the  section,  and  on  microscopic  examination 
these  appear  as  softened  caseous  districts  of  minute  size.  The  capsule  of  these  glands 
is  generally  much  thickened.  They  ultimately  become  grossly  caseous,  and  break 
down  like  other  scrofulous  tumours. 

3.  In  the  least  intense  form  of  the  strumous  process  the  development  of  a  fibrous 
material  is  very  conspicuous.  As  in  the  previous  instances  so  in  the  present,  the 
fibrous  structures  have  a  tendency  to  arrange  themselves  so  as  to  form  roundish 
spots  or  areas.  Often  the  fibrous  tissue  is  very  dense,  and  more  or  less  compact 
circular  nodules  are  formed  that  aie  easily  isolated  by  shaking.  The  cell-elements 
in  such  glands  appear  scanty,  and  the  structure  generally  is  pervaded  by  a  quantity 
of  disintegrated  cell  material.  In  other  places  the  fibrous  reticulum  retains  a  more 
open  structure,  giant  cells  appear,  and  the  formation  of  tubeicle  becomes  evident. 
The  giant  cells  often  occupy  the  centre  of  the  circular  spots,  their  processes  being 
merely  processes  of  the  general  reticulum  that  have  not  been  obliterated  or  blotted 
out  by  the  giant  mass.  At  the  outskirts  of  the  tubercle  are  crowded  the  more  or 
less  unaltered  leucocytes  of  the  part,  and  these  serve  to  form  the  so-called  third 
or  outer  aone  of  the  tubercle.  Between  these  leucocytes  and  the  giant  cell — when 
that  body  occupies  the  centre  of  the  district — are  cells  of  various  kinds,  many  of 
them  being  the  large  nuclei-like  bodies  already  described,  others  being  leucocytes 
more  or  less  altered  in  outline.  These  make  up  the  second  or  middle  zone,  such  as 
it  is.  Often  the  giant  cell  is  at  the  side  of  the  tubercle,  or  there  may  be  several  giant 
cells  present,  or,  lastly,  there  may  be  no  giant  cells.  The  general  arrangement  of 
parts  in  a  tubercular  gland  is  shown  in  Fig.  6,  and  one  of  the  tubercles  under  a  higher 
power  is  represented  in  Fig.  7.  When  caseation  ensues,  the  leucocytes  are  the  fir.st 
to  disappear,  with  the  various  modifications  of  cell  form  to  which  they  give  rise; 
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then  perish  the  endothelial  elements  and  the  giant  masses.  Lastly,  the  fibrous 
reticulum  disappears  in  the  general  confusion  of  the  change.  If,  as  above  stated,  the 
giant  cell  is  but  a  coagulum  that  blots  out,  as  it  were,  by  its  very  substance  the 
reticulum  in  which  it  is  deposited,  it  is  evident  that,  as  the  giant  mass  disappears, 
that  reticulum  should  again  become  apparent.  And  such  is,  indeed,  the  case,  and 
the  reticulum  thus  exposed  will  be  seen  to  be  continuous  by  means  of  the  so-called 
processes  of  the  giant  cell  with  the  adjacent  fibrous  structures.  Such  a  degenerating 
giant  cell  is  shown  in  Fig.  8. 

The  glands  of  this  class  enlarge  indolently,  and  although  they  may  be  very 
numerous,  seldom  attain  individually  any  great  size.  They  remain  freely  movable, 
caseate  slowly,  and  show  little  disposition  to  suppurate  except  in  the  most  advanced 
cases.  On  section  they  somewhat  resemble  the  preceding  set  of  glands,  but  are  less 
deeply  coloured  and  the  cheesy  changes  are  more  diffused. 

The  tubercle,  therefore,  indicates  but  a  stage  or  a  degree  of  the  strumous  process, 
and  that  degree  is  not  always  attained.  Glands  may  become  caseous  before  even 
giant  cells  appear,  or  that  change  may  ensue  after  giant  masses  have  been  noted, 
and  before  any  tubercular  structure  has  been  seen,  and,  lastly,  caseation  may  not 
take  place  until  alter  a  distinct  development  of  tubercles  has  been  observed  in  the 
affected  gland. 

General  symptomatology  of  gland  tumours. — The  features  and  progress  of  glandular 
enlargements  in  scrofula  are  very  various,  and  in  the  brief  observations  that  follow 
reference  will  be  chiefly  made  to  tumours  situate  in  the  neck.  The  enlargements  in 
the  cervical  region  are  most  common  about  the  angle  of  the  jaw,  along  the  course  of 
the  carotid  vessels,  and  in  the  posterior  triangle  of  the  neck.  Their  appearance  is 
generally  so  insidious  that  they  are  commonly  discovered  first  by  accident.  Some- 
times only  one  gland  can  be  felt,  while  at  other  times  many  small  glands  are  noticed 
that  have  apparently  appeared  .simultaneously.  Both  sides  of  the  neck  are  more 
often  involved  than  one  side,  but  the  affection  is  very  rarely  symmetrical,  and  then, 
possibly,  only  as  a  coincidence.  The  gland  tumours  are  at  first  very  hard,  painless, 
and  freely  movable.  They  increase  in  a  most  irregular  manner.  Sometimes  they 
appear  to  grow  rapidly,  at  other  times  they  will  remain  quiescent  for  an  indefinite 
period,  and  again,  after  attaining  some  size,  they  may  subside  and  possibly  never 
reappear.  If  they  progress  they  become  in  time  adherent,  first  to  the  deeper  parts 
and  subsequently  to  the  skin.  There  is  no  connection  between  the  size  or  duration 
of  a  gland  and  its  tendency  to  become  adherent.  A  gland  of  months'  or  even  years' 
duration  may  remain  movable,  while  adhesions  occur  in  other  cases  after  an  affection 
to  be  reckoned  by  weeks.  This  adhesion  is  due  to  an  inflammation  excited  in  the 
soft  parts  around  the  gland,  and  it  is  important  to  note  that  this  peri-adenitis  may 
often  assume  a  serious  magnitude.  Very  often  it  leads  to  suppuration ;  an  abscess 
forms,  and  this,  on  being  opened,  is  found  to  be  situate  without  the  gland,  and  on 
the  pus  being  evacuated,  the  enlarged  gland  can  often  be  observed  apparently  intact 
at  the  bottom  of  the  purulent  cavity.  Such  abscesses  can,  as  a  rule,  be  readily  dis- 
tinguished from  those  collections  of  pus  that  are  situate  within  the  gland  itself.  They 
form  more  quickly,  more  readily  reach  the  surface,  and  are  often  more  extensive  and 
involve  a  larger  area  of  skin.  They  give,  moreover,  an  equal  sense  of  fluctuation  in 
all  parts.  Purulent  collections  within  the  gland  are  much  more  slow  of  progress,  and 
redden  but  a  small  area  of  skin  until  just  before  they  are  ready  to  burst.  The  fluc- 
tuation is  limited,  and  for  a  long  time  is  represented  rather  by  a  softened  spot  in  the 
centre  of  a  mass  of  indurated  tissue.  When  the  gland  tumours  are  numerous,  very 
large  masses  may  be  formed  that  are  matted  together  and  produce  no  inconsiderable 
deformity.  Injurious  effects  may  also  ensue  from  pressure  upon  adjacent  parts. 
The  venous  trunks  are  often  compressed  with  very  obvious  results,  or  dyspnoea  or 
dysphagia  may  be  produced  by  pressure  upon  the  larynx  or  gullet,  or  the  former 
condition  may  be  brought  about  by  implication  of  the  recurrent  laryngeal  nerves. 
Cases  are  recorded  of  fatal  asphyxia  from  this  cause.1  A  large  proportion,  perhaps 
the  largest  proportion,  of  gland  enlargements  suppurate  at  some  time  or  another. 
1  See  case  recorded  by  Mr.  Cooper  Forster,  Surgical  Diseases  of  Children,  p.  101 . 
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But  upon  this  point  it  is  almost  impossible  to  obtain  reliable  statistics.  The 
period  at  which  suppuration  occurs  is  most  uncertain.  Some  glands  of  a  set 
will  suppurate,  others  will  remain  quiescent  and  ultimately,  for  all  practical  pur- 
poses, disappear.  Glands  that  have  to  a  great  degree  subsided  will  often  increase 
in  size  again  and  rapidly  take  on  purulent  changes.  When  gross  suppuration 
is  about  to  occur  the  gland  increases  in  size,  becomes  tender  and  often  painful.  It 
will  be  found  more  adherent  to  the  skin,  which  is  somewhat  reddened  at  one 
spot.  At  that  spot  a  soft  sensation  is  i>iven  to  the  touch  or  actual  fluctuation  is  to 
be  detected,  and  before  the  pus  discharges  itself  that  fluctuation  is  usually  very 
apparent.  The  pus  that  escapes  when  an  exit  is  obtained  varies  somewhat  in 
different  cases.  It  is  usually  rather  thin  and  mixed  with  curdy  matter,  representing 
the  caseous  parts  of  the  gland  that  have  broken  down  en  masse.  It  is  usually  to  be 
thus  distinguished  from  the  thick,  creamy  laudable  pus  that  escapes  from  an  abscess 
in  the  soft  parts  about  a  gland.  Small  purulent  collections  may  exist  in  a  gland  for 
indefinite  periods,  and  show  no  external  evidences  of  their  existence.  But  I  think  it 
may  be  definitely  asserted  that  when  a  glandular  tumour  becomes  very  adherent  it  con- 
tains in  its  interior  purulent  collections,  although  these  may  be  small  and  insignificant. 
It  is  by  no  means  necessary  that  every  purulent  collection  in  a  gland  should  in  time 
reach  the  suiface  and  discharge  itself.  There  is  undoubted  evidence  to  show  that 
such  collections  may  dry  up  and  the  gland  cease  to  show  active  change.  Oftentimes 
the  gland  becomes  calcareous,  and  it  would  appear  that  at  any  time  before  caseation 
occurs  resolution  is  possible.  The  spontaneous  cure  of  caseous  glands  depends  rather 
upon  chemical  than  upon  pathological  changes  in  the  usual  sense  of  the  term.  The 
diseased  structures  wither  and  dry  up,  and  the  mass  becomes  hard  and  inert,  or  under- 
goes a  final  change  by  becoming  calcareous.  Glands  that  have  been  quiescent  for 
long  periods  will  often  take  on  fresh  action  and  rapidly  suppurate  on  the  patient 
suffering  in  general  health,  or  on  the  appearance  of  some  fresh  peripheral  irritation. 
In  like  manner  I  have  observed  suppuration  to  occur  in  glands  long  quiescent  when 
a  contemporary  strumous  affection  elsewhere  had  undergone  cure. 

Sometimes  the  gland  abscess,  after  discharging  for  a  variable  period,  heals  kindly, 
but  often  a  troublesome  sinus  is  left  that  obstinately  resists  treatment.  One  of  the 
worst  and  one  of  the  least  rare  consequences  is  an  undermined  condition  of  the  skin 
which  leads  to  much  trouble.  The  undermined  integument  is  purplish,  thinned  and 
evidently  ill  nourished.  It  may  give  way  in  part,  leaving  a  scrofulous  ulcer  with 
undermined  edges,  or  it  may  undergo  perforation  in  more  spots  than  one,  and  so 
produce  a  series  of  most  intractable  sinuses.  When  healing  has  occurred  after  any  of 
these  conditions,  very  conspicuous  scars  are  apt  to  be  left  in  the  integuments.  These 
cicatrices  are  often  adherent  to  the  deeper  parts,  and  therefore  depressed.  At  other 
times  they  present  ridges  or  bars  of  scar  tissue,  or  little  nipple-like  processes  that 
project  conspicuously  from  the  surface.  These  cicatrices  often  retain  for  a  long 
period  a  somewhat  purplish  colour,  and  even  when  they  have  returned  more  or  less 
to  the  normal  tint  of  the  adjacent  skin,  they  are  still  apt  to  assume  a  reddish  and 
congested  aspect  on  any  exposure  of  the  part  to  cold. 

Treatment.  General  measures.  — The  general  treatment  of  scrofulous  patients  is 
founded  upon  very  simple  bases,  and  in  the  first  instance  consists  essentially  in 
p'acing  the  patient  under  the  most  favourable  hygienic  conditions  that  are  possible. 
In  cases  of  acquired  scrofula  this  is  indeed  the  principal  indication,  and  in  detail  the 
chief  factors  of  such  treatment  consist  in  plenty  of  fresh  air  and  light,  a  wholesome 
and  judicious  diet,  proper  clothing,  and  a  reasonable  amount  of  outdoor  exercise. 
Sea  air  and  sea  bathing  are  undoubtedly  beneficial  to  a  very  large  majority  of  the 
scrofulous,1  especially  to  those  who  are  suffering  from  acquired  forms  of  the  disease, 
or  who  have  been  brought  up  in  large  towns  and  have  experienced  all  the  evils  of 
close  confinement  and  the  other  unhealthy  surroundings  of  life  in  the  poorer  pails  of 
a  great  city.  Cases,  however,  are  often  met  with  that  appear  to  be  rendered  worse 
rather  than  improved  by  residence  at  the  sea-side.    Such  instances  include  certain 

1  See  Rapport  sur  les  Resvltats  obtenus  dans  le  Traitement  des  JEnfanfs  Scrofuleux  a 
VHopital  de  Berck-mr-mer.    By  Dr.  Bergeron.    Paris,  180(5. 
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patients  who  exhibit  a  strong  phthisical  tendency,  many  cases  of  eczema,  and  an 
example,  here  and  there,  of  lupus.  Many  elaborate  instructions  have  been  framed 
as  to  the  proper  use  of  sea  baths  and  sea  bathing  in  scrofulous  affections,  but  such 
instructions  amount  merely  to  an  expression  of  the  dictates  of  common  sense,  and  an 
observance  of  the  most  rudimentary  principles  of  medical  practice.'  With  regard  to 
medicinal  treatment,  must  of  the  di  ngs  in  the  Pharmacopoeia  have  at  one  time  or 
another  been  made  to  contribute  to  the  therapeutics  of  scrofula.  The  drugs,  how- 
ever, that  would  now  appear  to  be  the  most  valuable  in  the  treatment  of  this  disease 
are  cod-liver  oil,  simple  tonics,  and  some  preparation  of  iodine  and  iron.  Before 
any  prolonged  medicinal  treatment  is  commenced,  and  especially  before  the  adminis- 
tration of  cod-liver  oil  is  advised,  it  is  important  that  the  digestive  organs  should  be 
in  a  healthy  condition.  If  there  be  any  evidence  of  intestinal  disturbance,  it  is  best 
met  by  an  occasional  aperient  of  calomel  and  the  administration  of  a  mixture  of  soda 
and  rhubarb  with  cinchona  or  some  other  vegetable  bitter. 

Speaking  of  the  use  of  cod-liver  oil  in  scrofula,  Mr.  Savory  observes  r '  The  bene- 
ficial effects  of  the  oil  are  very  general  throughout  the  body  ....  but  that  the  best 
effects  may  be  obtained  from  its  use,  it  must  be  taken  for  a  very  long  time.  Want 
of  perseverance  here  is  attended  with  its  usual  result — disappointment.  It  is  not  a 
question  of  days  only,  but  often  of  months,  or  even  years.  It  should  therefore  be 
regarded  as  an  article  of  diet  rather  than  as  a  medicine,  and  usually,  after  a  while, 
the  dislike  to  it  ceases.  A  table-spoonful  may  be  considered  a  full  dose  for  an  adult; 
but  this  quantity  should  be  gradually  arrived  at,  commencing  with  a  teaspoonful. 
It  may  be  taken  twice  or  thrice  daily,  and  immediately  after  a  meal ;  for  at  that 
time  it  is  least  likely  to  create  nausea,  and,  moreover,  it  does  not  then  interfere  with 
the  appetite.  It  may  be  taken  upon  a  small  quantity  of  some  other  fluid,  such  as  a 
little  wine  or  a  bitter  infusion.  When  the  stomach  is  weak,  and  there  is  a  tendency 
to  nausea,  a  solution  containing  the  fortieth  or  thirtieth  of  a  grain  of  strychnia, 
acidulated  with  nitric  acid,  often  proves  a  most  useful  vehicle.  This  I  first  learned 
from  Dr.  Williams.  Some  people,  and  especially  children,  can  take  the  oil  alone 
without  any  discomfort.  Again,  some  persons  can  take  it  for  aay  length  of  time 
with  impunity ;  but  in  the  majority,  after  a  while,  it  is  apt  to  create  nausea,  and 
produce  other  symptoms  called  bilious.  I  think  the  best  way  of  avoiding  this  is  to 
suspend  its  administration  for  a  day  or  two,  now  and  then,  and  if  necessary,  at  that 
time  to  give  an  aperient.  Of  course  it  is  much  less  likely  to  disagree  when  the 
digestion  is  good,  and  it  can  be  taken  much  more  comfortably  by  those  who  are  able 
at  the  same  time  to  use  exercise.  As  might  be  expected  from  its  composition,  it  can, 
as  a  rule,  be  taken  in  larger  quantities,  and  for  a  longer  period,  in  cold  than  in  warm 
weather. 

'  Probably  the  lightest  and  clearest  oil  is  the  best.  It  has  never  been  shown  that 
the  darker  oils  possess  any  additional  advantage,  and  they  are  much  less  likely  to  be 
borne.  In  cold  weather  the  oil  should  be  slightly  warmed  before  it  is  taken,  for  it 
is  thus  rendered  less  tenacious  and  is  more  readily  swallowed.' 2  In  the  case  of 
children  who  cannot  tolerate  the  medicine  a  fatty  diet  may  be  recommended  with 
advantage.  With  regard  to  preparations  of  iron,  the  saccharated  carbonate,  the 
lactate,  and  dialysed  iron  will  be  found  among  the  best  for  children,  and  much  bene- 
fit often  attends  the  use  of  the  compound  syrup  of  phosphate  of  iron.  I  think  the 
drug,  however,  that  may  be  most  strongly  recommended  is  the  syrup  of  the  iodide  of 
iron,  a  drug  that  has  now  had  extended  use  and  has  proved  most  efficacious.  In 
many  cases  quinine  is  of  advantage,  especially  when  the  appetite  is  defective  or  there 
is  much  suppuration;  It  must  be  confessed  that  the  use  of  certain  mineral  waters 
that  have  from  time  to  time  been  recommended  does  not  appear  to  have  been 
attended  with  any  very  decided  benefit. 

Treatment  of  the  glandular  enlargements.- — This  may  be  conveniently  considered 
under  the  heads,  Medical  Treatment  and  Operative  Measures. 

In  all  cases  of  gland  disease  the  general  principles  of  treatment  just  briefly 
alluded  to  should  be  carried  out,  and  then  the  first  special  indication  is  to  search  for 
1  For  details  see  Deligny's  Monograph.  2  Loc.  cit.  p.  375. 
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and  if  possible  remove,  any  peripheral  disorders  that  may  have  caused,  or  be  still 
maintaining,  the  glandular  mischief.  It  is  useless  to  apply  paints  or  ointments  to 
cervical  enlargements  while  ulcers  remain  unhealed  in  the  mouth  or  pliarynx,  or 
while  carious  teeth  are  setting  up  constant  irritation,  or  while  an  ophthalmia  or  an 
ozcena  is  persistently  disturbing  the  lymphatic  radicles  of  the  part.  If  any  lesions  of 
the  periphery  can  be  detected,  they  should  first  be  treated  ;  especially,  I  think,  is  the 
removal  of  enlarged  tonsils  to  be  recommended,  inasmuch  as  they  afford  a  most 
frequent  and  abiding  source  of  glandular  enlargements. 

Presuming  that  there  is  no  evidence  of  suppuration,  and  that  the  glands  are  not 
unduly  tender,  an  application  of  the  ointment  of  the  iodide  of  lead  will  often  have  an 
excellent  effect.  I  have  tried  a  very  large  number  of  external  applications,  and  feel 
convinced  that  this  preparation  is  the  most  reliable.  It  should  not  be  merely 
smeared  over  the  skin,  but  gently  rubbed  in  for  some  five  minutes  night  and  morn- 
ing, taking  care  that  its  use  is  immediately  discontinued  when  the  skin  becomes  in 
any  way  tender. 

Iodine  paint  has  been  very  extensively  used  in  these  cases,  but  I  feel  sure  that  it 
often  does  more  harm  than  good,  by  adding  a  fresh  irritation  to  the  lymphatics  of  the 
surface.  It  is  indeed  applicable  to  only  a  few  cases — to  cases  where  the  process  is 
extremely  chronic  and  indolent,  and  where  there  is  an  utter  absence  of  any  inflam- 
matory symptoms.  On  the  whole,  I  think  it  may  be  safely  discarded  for  the  oint- 
ment just  alluded  to,  and  certainly  the  indiscriminate  manner  in  which  iodine  has 
been  used  is  to  be  condemned. 

With  regard  to  the  operative  measures  applicable  to  strumous  gland  affections,  I 
think  that  we  may  at  once  exclude  two  methods  of  treatment,  that  viz.  of  crushing 
the  gland  by  pressure  through  the  uninjured  skin,  and  the  practice  of  breaking  up 
the  diseased  body  by  a  needle  introduced  subcutaneously.  To  these  discarded 
methods  may  perhaps  be  added  that  of  injecting  various  fluids  into  the  substance  of 
the  gland.  This  treatment  has  been  largely  made  use  of,  and  much  ingenuity  has 
been  expended  in  selecting  materials  for  injection,  but  the  advantages  of  the  practice 
do  not  appear  to  be  either  great  or  certain. 

The  three  operative  measures  at  the  disposal  of  the  surgeon  are  excision,  scoop- 
ing, and  puncture  with  the  cautery.  Before  discussing  the  methods  in  detail,  it  may 
be  asked  upon  what  grounds  is  operation  of  any  kind  justifiable  in  the  present 
instances'!  There  is  undoubted  evidence  to  show  that  these  gland  affections  spread 
locally;  that  one  gland  can,  as  it  were,  infect  its  neighbour ;  and  that  the  morbid 
process  may  proceed  along  a  whole  chain  of  glands,  independent  of  any  fresh  or 
abiding  source  of  peripheral  irritation.  Then,  again,  the  natural  process  of  cure  in 
many  of  these  cases  is  very  slow  and  tedious,  often  involving  much  suppuration  and 
acting  very  injuriously  upon  the  general  health.  Moreover  the  scars  left  after  spon- 
taneous cure  are  often  unsightly  and  extensive.  Theie  are  many  reasons,  therefore, 
for  cutting  short  the  diseased  action,  and  for  relieving  the  patient  of  a  malady  that 
may  exist  for  an  indefinite  period,  and  may  in  time  assume  very  grave  proportions. 
To  these  circumstances  may  also  be  added  those  in  which  asphyxia  is  threatened  by 
pressure,  or  where  less  serious,  but  still  most  inconvenient,  results  accrue  from  the 
compression  exercised  by  large  gland  tumours.  It  may  be  argued  from  what  has 
been  said  in  an  earlier  part  of  this  article  that  the  removal  of  gland  tumours  in  the 
neck  may  lead  to  a  development  of  some  other  scrofulous  malady  elsewhere ;  but, 
however  it  opposes  any  theory  upon  the  subject,  the  fact  remains  that  this  un- 
fortunate complication  is  at  least  extremely  rare,  and  I  am  not  familiar  with  any 
instance,  reported  or  otherwise,  where  it  has  been  observed.  It  must  be  remem- 
bered that  operative  measures  are  not  applicable  to  all  strumous  gland  enlargements, 
but  only  to  certain  cases,  and  these  instances  moreover  are  among  the  more  favour- 
able examples  of  scrofulous  disease. 

Excision  is  only  applicable  to  cases  where  the  tumours  are  freely  movable  and 
is  an  operation  of  very  limited  usefulness.  Speaking  of  this  operation,  Mr.  Savory 
remarks  : 1 — '  Enlarged  absorbent  glands,  espee'alhy  in  the  neck,  are  very  deceptive. 

1    Lor:  rit.  p.  .°.70. 
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When  examined  through  the  integuments,  the  mass  may  appear  to  be  well  defined, 
isolated,  entirely  superficial,  and  freely  movable  upon  the  subjacent  parts  ;  but  when 
exposed  in  an  operation,  a  small  portion  of  it  perhaps  is  found  to  creep  under  the 
sterno-mastoid  muscle,  or  into  some  deeper  portion  of  the  neck.  This  leads  to,  and 
is  connected  with,  another  gland,  also  enlarged  and  diseased,  but  which  lay  too  deep 
for  detection  before  it  was  exposed.  This,  of  course,  must  not  be  left ;  but  the 
attempt  to  remove  it  discovers  that  it  is  in  the  same  way  connected  with  several 
others  affected  like  itself;  and  so  the  surgeon  finds  himself  at  the  commencement  of 
the  chain  of  glands  very  appropriately  called  "  concatenatae,"  and  what  is  worse,  in 
the  midst  of  structures  which  prudence  declines  to  dissect.  So  the  operation  must 
be  completed  with  this  very  unpleasant  result— a  small  part  of  the  disease  removed, 
and  the  greater  portion  left  behind.'  Many  glands  are  moreover  thus  removed  that 
might  do  well  if  left  alone.  The  best  cases  for  the  practice  of  excision  are  these — 
First,  cases  where  there  is  only  one,  or  perhaps  only  one  or  two,  good-sized  and  con- 
spicuous glands  that  are  of  long  standing,  and  have  resisted  all  treatment  and  yet 
remain  freely  movable.  Secondly,  cases  where  there  is  a  large  number  of  indolent 
gland  tumours,  that  have  resisted  all  treatment,  and  are  gradually  but  certainly 
increasing  both  in  size  and  number.  These  glands  should  be  quite  movable,  and 
present  no  inflammatory  evidences  of  any  kind.  The  most  favourable  instances  are 
met  with  in  the  axilla,  and  from  this  part  I  have  seen  on  several  occasions  an 
immense  number  of  gland  tumours  shelled  out  with  excellent  results.  Such  glands 
are  generally  of  the  kind  referred  to  the  third  class  in  the  arrangement  I  have  given 
above,  and  are  apt  to  give  much  trouble  if  left.  The  treatment  by  scooping  consists 
in  making  a  small  incision  into  a  gland  and  then  scooping  out  the  contents  by 
means  of  a  Volkmann's  spoon.  This  treatment  answers  well  in  fair  sized  or  large 
glands  that  are  distinctly  adherent  and  are  becoming  soft  in  places  or  are  tender  to 
the  touch.  Such  glands  should  form  prominent  tumours,  should  be  of  long  standing, 
and  are  particularly  suitable  for  this  treatment  if  some  of  them  have  already  suppu- 
rated. The  contents  of  such  glands  are  soft  and  caseous,  and  usually  in  part  puru- 
lent. They  are,  therefore,  easily  removed,  while  the  thickened  capsule  limits  the 
action  of  the  spoon  to  the  gland  attacked.  This  method  is,  however,  apt  to  be 
followed  by  troublesome  sinuses  and  by  undermining  of  the  skin,  evil  results  that  can 
to  a  certain  extent  be  avoided  by  operating  with  antiseptic  precautions  and  adopting 
the  Listerian  dressing. 

The  treatment  by  the  cautery  is,  I  think,  available  for  a  much  more  extensive 
series  of  cases  than  are  either  of  the  methods  just  mentioned.  I  have  tried  this  plan 
of  treatment  in  some  twenty  cases,  and  have  been  more  than  satisfied  with  the  results. 
I  use  a  fine  point  of  the  thermo-cautery  about  the  size  of  a  No.  7  catheter.  This, 
being  heated  to  a  bright  red  heat,  is  thrust  through  the  skin  into  the  substance  of 
the  gland,  and  is  passed  in  several  directions  through  the  gland  tissue  before  it  is 
withdrawn.  If  there  are  any  purulent  collections  in  the  tumour,  they  have  free  exit. 
The  hole  formed  by  the  cautery  remains  patent  for  some  time,  and  allows  any 
broken  down  tissue  to  be  discharged.  As  a  rule,  very  little  reaction  follows.  In 
many  cases  scarcely  any  discharge  follows  the  application  of  the  cautery  point,  but 
the  gland  in  a  few  days  begins  to  shrink  and  very  commonly  ceases  to  give  any 
more  trouble.  In  only  one  instance  out  of  some  twenty  did  the  skin  become  under- 
mined. This  procedure  is  applicable  to  almost  any  glands  that  have  attained  the 
size  of  a  walnut,  and  answers  admirably  in  the  case  of  large  adherent  lobulated 
masses.    It  is  not  applicable  to  gland  tumours  that  are  still  freely  movable. 

Space  will  only  permit  of  a  very  few  remarks  on  the  treatment  of  gland  abscesses. 
I  would  strongly  maintain  that  these  abscesses  should  be  opened  as  soon  as  the  pre- 
sence of  pus  is  evident.  As  to  the  mode  of  opening,  there  is  none  that  can  compare  to 
a  simple  small  puncture  with  the  thermo-cautery  point.  The  pus  should  be  allowed 
to  run  out  quietly,  and  on  no  account  should  the  abscess  be  squeezed  or  in  other 
ways  meddled  with.  This  procedure  is  certainly  superior  to  that  of  a  small  punc- 
ture and  subsequent  drainage,  and  to  that  of  evacuation  of  the  pus  by  seton.  Free 
incision  is  to  be  condemned.    It  very  commonly  leads  to  an  undermined  condition  of 
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the  skin  and  other  troubles.  If  the  opening  formed  for  the  purpose  of  evacuating 
the  abscess  shows  any  disposition  to  take  on  unhealthy  action,  the  part  must  be  kept 
at  rest,  and  in  the  case  of  cervical  abscesses  I  use  a  simple  stock  of  gutta-percha  that 
has  its  fixed  points  at  the  jaw  and  occiput  above,  and  at  the  sternum  and  shoulders 
below.  If  this  stock  be  well  applied,  children  can  wear  it  for  weeks  without  in- 
convenience. The  rapid  healing  of  old  abscesses  and  sinuses  about  the  neck  so  soon 
as  the  part  is  kept  from  movement  is  often  very  striking,  and  since  I  have  made  use 
of  this  stock  I  have  been  surprised  at  the  readiness  with  which  some  of  the  most 
intractable  sores  have  healed.  In  cases  of  very  extensive  disease,  when  there  is  much 
suppuration  about  the  neck  and  many  sinuses  in  the  skin,  the  stock  may  be  in- 
applicable, as  it  might  press  upon  inflamed  parts  and  be  for  other  reasons  unsuitable. 
In  such  instances  an  apparatus  may  be  used  similar  to  that  employed  for  fixing  the 
head  in  cases  of  cervical  spine  disease.  This  measure  may  appear  out  of  proportion 
to  the  needs  of  the  case,  but  extensive  sinuses  and  suppurations  about  the  neck 
are  grave  troubles,  and  the  most  important  element  in  their  cure  is  absolute  rest. 

Frederick  Treves. 


DESCRIPTION  OF  PLATES. 
Plate  I. 

Fig.  ].—  Two  cortical  follicles  from  a  gland  somewhat  actively  affected,  showing  the  fiist 
change  in  the  scrofulous  process,  viz  the  appearance  of  inflammatory  foci  in  the  midst,  of  the 
gland  tissue.  The  aflected  districts  are  seen  to  be  more  lightly  stained  and  to  he  made 
up  of  varied  cell-elements,  many  of  which  are  of  large  size.  In  the  left-hand  follicle  three  capil- 
laries are  to  be  seen.  The  sinuses  are  distinct.  The  inner  stratum  of  the  capsule  '  a  '  and  the 
trabecules  '  b'  are  becoming  infiltrated.    (Ilartnack,  oc.  iii.  obj.  4.) 

Fig.  '2.- — A  small  portion  of  one  of  these  inflamed  districts  from  another  part  of  the  same 
gland.  It  shows  the  cellular  character  of  the  exudation,  the  active  division  of  the  cells,  and 
the  large  cell-elements  of  Ilindtleisch.  All  gradations  can  be  observed  between  these  latter 
cells  and  the  lymph  corpuscles.    (Oc.  iii.  obj.  8.) 

Fig.  3. — General  view  of  part  of  a  gland  well  advanced  in  the  scrofulous  change.  At  the 
upper  part  of  the  figure  the  gland-capsule  is  seen.  This  drawing  shows  the  general  outline 
and  arrangement  of  the  '  opaque  districts'  or  '  ilots  strumeaux.'  In  some  of  the  opaque 
districts  a  giant  cell  is  to  be  seen.    (Oc.  iii.  obj.  2.) 

Plate  II. 

Fig.  4.— Four  giant  cells '  £>,' '  c,"  d,'  'e'  from  near  the  edge  of  acaseous  patch  in  a  strumous 
gland.  These  are  situated  in,  or,  at  least,  about  a  lymph  sinus,  the  trabecula  supporting 
which  can  be  seen  much  altered  by  inflammatory  cell-proliferation.  Here  and  there  the 
remains  of  the  endothelial  lining  of  the  sinuses  can  be  seen.  The  giant  mas3  '  e '  is  very 
suggestive  of  a  lymph  coagulum  containing  a  crowd  of  cell  bodies.    (Oc.  iii.  obj.  9.) 

Plate  III. 

Fig.  G. — General  arrangement  of  tubercles  in  a  scrofulous  gland  under  a  low  power.  The 
tubercular  districts  are  degenerating.    (Oc.  iii.  obj.  if.) 

Fig.  7.— A  tubercle  from  a  scrofulous  gland.    (Oc.  iii.  obj.  5.) 

Fig.  8. — A  degenerating  giant  cell  from  near  the  edge  of  a  caseous  patch  in  a  strumous 
gland.  As  the  mass  decays  the  reticulum  in  which  the  so-called  cell  had  been  deposited 
again  becomes  evident,  At  one  or  two  points  this  reticulum  can  be  seen  to  be  continuous 
with  that  of  the  adjacent  tissue.    (Oc.  iii.  obj.  9.) 

Plate  IV. 

Fig.  5. — Edge  of  a  caseous  patch  in  a  strumous  gland  with  degenerating  giant  cell.  (Oc.  iii. 
obj.  8.) 

Fig.  On.— From  a  section  of  a  piece  of  chronically  inflamed  connective  tissue  about  a  luiee 
joint,  showing  a  giant  cell — identical  with  those  met  with  in  scrofulous  glands— situated 
within  the  lumen  of  a  lymphatic  vessel.    (Oc.  iii.  obj.  8.) 

Fig.  0  b.— From  the  same  section  as  the  preceding  figure.  Within  the  lumen  of  a  lymph 
vessel  (whose  endothelial  lining  is  disturbed)  is  a  homogeneous  mass  identical,  on  the  one 
hand,  with  a  lymph  coagulum,  and  on  the  other,  with  the  basis  substance  of  a  giant  cell. 
(Oc.  iii.  obj.  90 

Fig.  10.— Giant  cells  from  the  edge  of  a  patch  of  lupus  non  exedens,  to  show  their  identity 
with  those  in  the  glands.    (Oc.  iii.  obj.  8.) 
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mSTEEIA.1 

HYSTERIA  in  its  simpler  forms  is  unmistakable,  but  it  frequently  occurs 
strangely  disguised,  and  its  essential  features  concealed  in  the  garb  of  some 
other  disease  whose  characters  it  assumes  and  whose  symptoms  it  mimics.  This  it  is 
which  specially  gives  interest  and  importance  to  hysteria  ;  which  so  often  renders  it 
a  stumbling-block  in  the  way  of  a  correct  diagnosis,  sometimes  masking  by  its  pro- 
minent symptoms  the  existence  of  a  graver  malady,  but  far  more  frequently  by  the 
similarity  of  its  symptoms  leading  to  the  opposite  error  of  mistaking  a  simulated  for 
a  real  disease. 

The  common  hysterical  fit  is  not  likely  to  be  mistaken.  However  much  it  may 
vary  in  duration  and  severity,  its  general  characters  are  sufficiently  obvious  and  well 
known,  whether  it  consists  merely  in  a  violent  and  uncontrolled  display  of  emotion 
or  appear  fully  developed.  The  deep  and  hurried  inspirations  at  the  commencement, 
followed  by  occasional  sighs  or  sobs  or  screams — the  sense  of  choking,  leading  to 
agitated  movements  of  the  hands  about  the  neck,  as  if  to  remove  some  oppression 
there — the  irregular  muscular  movements  generally,  such  as  struggling  like  a  person 
contending,  beating  the  breast,  or  tearing  the  hair — the  withdrawal,  more  or  less 
complete,  of  the  power  to  balance  and  sustain  the  body — and  with  all  this,  seldom 
loss  of  consciousness,  although  sometimes  sensorial  disturbance — the  flushed,  but 
calm  and  not  distorted,  countenance — the  closed  and  perhaps  trembling  lid,  with 
the  eye  bright  and  natural  beneath — the  hot  skin,  excited  circulation,  vehement 
action  of  the  heart,  which,  however,  subsides  as  the  fit  declines — the  whole  terminat- 
ing either  in  violent  laughter,  with  a  copious  secretion  of  pale  urine,  or  in  tears,  or 
in  a  combination  of  the  two,  or  in  sleep  more  or  less  profound — these  symptoms  are 
not  to  be  misinterpreted.  By  the  consciousness  not  being  wholly  lost,  especially  at 
the  commencement ;  by  the  absence  of  well-marked  and  decided  convulsions,  limited 
to  one  side  or  to  some  portion  of  the  body,  the  muscular  movements  being  rather 
struggling  and  capricious  ;  by  the  absence  of  all  lividity,  particularly  of  the  face,  and 
distortion  of  the  countenance;  in  a  word,  by  the  absence  of  all  signs  of  impeded 
respiration,  which  on  the  contrary  is  deep  and  sighing ;  and,  finally,  by  the  subjects  of 
the  attack  being  almost  always  women  at  that  period  of  their  lives  when  the  uterine 
functions  are  active,  the  hysterical  fit  is  distinguished  from  every  other.  The  dura- 
tion of  the  fit  may  vary  from  a  few  minutes  to  several  hours.  Occasionally  such 
paroxysms  succeed  each  other  at  frequent  intervals,  the  person  remaining  in  the 
meanwhile  in  a  drowsy  state.  In  this  way  the  attack  may  be  extended  over  some 
days.  In  its  slight  and  transient  forms  many  of  these  symptoms  do  not  appear.  A 
very  common  variety  is  limited  to  what  is  termed  the  globus  hystericus.  A  sense  of 
uneasiness  or  discomfort  is  felt  in  some  portion  of  the  abdomen,  usually  in  one  of  the 
iliac  regions — and  it  is  said  to  occur  more  frequently  in  the  left — as  of  a  ball  or  some 
solid  body.  This  is  described  as  rolling  about,  and  then  rising  upward  until  it 
reaches  the  throat,  when  a  sudden  and  akrming  sensation  of  choking  is  experienced, 

41  I  have  left  the  old  name.  It  is  do  doubt  erroneous,  if  it  be  held  to  imply  that  the  dis- 
ease is  always  connected  with  the  uterine  functions  in  women.  It  is,  of'  course,  etymo- 
logically  absurd  as  applied  to  males.  Sir  J.  Paget  has  powerfully  set  forth  the  many 
objections  to  the  term  Hysteria,  and  proposes  to  substitute  '  nervous  mimicry/  or  '  neuromi- 
mesis;'  and  in  private  practice,  the  medical  attendant  often  avoids  the  odious  term 
'  hysteria/  and  uses  some  term  analogous  to  Sir  J.  Paget's.  But  while  perfectly  conscious  of 
the  objectionable  nature  of  the  word,  I  fear  it  has  become  too  deeply  rooted  both  at  home 
and  abroad  to  be  changed. — T.  II. 
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but  often  attended  with  frequent  attempts  to  swallow.  This  usually  ends  in  a 
similar  manner  to  the  more  fully  developed  attack. 

Although  the  characters  previously  enumerated,  when  fairly  developed,  are 
peculiar,  and  sufficiently  distinguish  the  hysterical  from  all  other  fits — for  instance, 
from  epilepsy,  both  by  positive  and  negative  symptoms — yet  it  occasionally  happens 
that  cases  occur  presenting  features  which  may  almost  be  said  to  be  intermediate 
bet  ween  these  for  the  most  part  widely-separated  affections  1  Many  of  the  symptoms 
of  hysteria  may  be  united  with  others  which  are  ominous  of  epilepsy.  This  is  what 
might  be  naturally  expected.  It  is  only  one  instance  out  of  so  many  in  which 
diseases  distinct  enough  in  their  typical  forms  are  prone  to  blend  with  others  which 
trespass  on  their  confines. 

Perhaps  the  principal  cause  of  neglect  of  the  study  of  hysteria  is  the  general 
accepted  fact  that  its  attacks  are  hardly  ever  of  a  dangerous  character.  This,  how- 
ever, requires  some  qualification.  Certainly  death,  either  as  a  direct  or  indirect 
result,  is  exceedingly  rare,  although  it  appears  that  even  this  fatal  effect  has  been  in- 
duced in  some  instances  by  exhaustion.  But  an  evil  worse  than  death  occasionally 
waits  upon  hysteria.  It  is  not  difficult  to  understand  that  the  mind  rather  than  the 
body  may  at  length  succumb  to  violent  and  oft-repeated  attacks.  The  mental 
faculties  being  thus  weakened  and  disordered,  hysteria  sometimes  leads  to  insanity. 

To  enumerate  all  the  diseases  which  are  liable  to  be  simulated  by  hysteria  would 
be  to  furnish  an  almost  complete  nosological  table.  '  This  disease,'  Sydenham  wrote, 
'  is  not  more  remarkable  for  its  frequency  than  for  the  numerous  forms  under  which 
it  appears  resembling  most  of  the  distempers  wherewith  mankind  are  afflicted.  For 
in  whatever  part  of  the  body  it  be  seated,  it  immediately  produces  such  symptoms  as 
are  peculiar  thereto.'  Leaving  out  of  consideration  here  those  which  fall  to  the  lot 
of  the  physician,  such  as  peritonitis  and  paralysis,  we  may  glance  at  the  more  pro- 
minent ones,  the  care  of  which  devolves  upon  the  surgeon.  These  will  sufficiently 
illustrate  others. 

Disease  of  the  spine. — A  young  woman  will  complain  of  pain  in  the  back,  with 
weakness  of,  and  perhaps  pain  in,  the  lower  extremities.  Often  there  is  a  sense  of 
constriction  in  some  portion  of  the  trunk,  with  occasional  spasms.  There  may  be 
even  paralysis,  accompanied  with  a  difficulty  of  voiding  the  urine.  When  the  spine 
is  examined,  it  will  be  found  to  be  acutely  tender.  A  more  careful  examination,  how- 
ever, will  probably  discover  that  the  pain  is  not  confined  to  one  portion  of  the  spine, 
but  extends  to  different  regions,  and  is  inclined  to  vary  in  position.  Moreover  the 
tenderness  is  excessive  and  superficial,  so  that  the  patient  flinches  and  complains 
more  when  the  skin  is  pinched  than  when  the  vertebrae  are  pressed.  Then,  although 
the  disease  may  have  existed  some  time,  there  is  no  corresponding  constitutional 
disturbance.  The  normal  condition  of  the  body  is  maintained.  There  is  no  wasting  • 
no  defect  of  nutrition.  All  this  occurring  in  a  young  woman,  in  whom  probably  the 
circulation  is  weak,  with  some  disorder  of  the  uterine  or  other  functions,  stamps  the 
disease  as  hysterical. 

Disease  of  the  joints. — A  girl  will  complain  of  severe  pain  and  tenderness  in  the 
knee.  The  joint  is  fixed  and  immovable,  and  any  attempt  to  move  it  elicits  loud 
cries.  But  the  tenderness,  as  in  the  last  case,  is  excessive  and  superficial,  so  that 
she  complains  more  when  the  skin  is  touched  than  when  the  heel  is  pressed  upwards. 
There  is  frequently,  too,  a  tendency  to  spasm  ;  but  this  is  different  from  the  painful 
and  involuntary  startings  of  the  limb  at  night  in  the  real  disease.  Often  also  the 
leg  is  fixed  in  the  extended  position,  whereas  in  real  disease  of  the  joint  it  is 
usually  bent.  However,  to  this  rule  there  are  abundant  exceptions.  The  joint 
does  not  undergo  any  material  alteration  in  size  and  shape,  although  there  is  often 
some  degree  of  fulness — a  puffy  swelling.    In  some  cases  the  enlargement  may  be 

1  The  justice  of  this  observation  will  more  clearly  appear  to  the  reader  who  peruses  M. 
Charcot's  most  interesting  lecture  on  '  Hystero-epilepsy  '  (Lect.  xiii.  New  Syd.  S<>r.  Trans.), 
where  the  resemblances  and  differences  of  hysterial  and  true  epilepsy,  and  their  apparent 
mixture  in  some  cases  and  genuine  coincidence  in  others,  are  treated  wich  the  hand  of  a 
master. 
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considerable ;  but  when  this  occurs,  it  is  due  to  some  local  applications  which  have 
been  previously  employed.  The  joint,  and  indeed  the  whole  limb,  is  very  subject  to 
frequent  variations  of  temperature.  '  Thus,  in  the  morning  the  limb  may  be  cold,  and 
of  a  pale  or  purple  colour,  as  if  there  were  scarcely  any  circulation  of  blood  in  it ;  while 
towards  the  afternoon  it  becomes  warm,  and  in  the  evening  is  actually  hot  to  the 
touch,  with  the  vessels  turgid  and  the  skin  shining.'  Moreover,  there  is  always  a 
sense  of  weakness  in  the  limb,  which,  after  a  while,  is  partially  due  to  the  condition 
of  the  muscles  consequent  on  their  inaction.  Then  there  is  the  absence  of  constitu- 
tional symptoms.  Although  the  sleep  may  be  disturbed,  and  the  patient  watchful, 
there  is  not  that  almost  entire  absence  of  it  which  is  so  serious  a  feature  in  destruc- 
tive diseases  of  the  joint.  There  is  here  a  sufficient  proportion  of  sleep  for  the 
necessities  of  the  system.  All  this  having  existed  without  any  material  alteration 
for  some  time,  with  perhaps  evidence  of  general  debility  or  some  local  disturbance, 
proves  the  affection  to  be  hysterical.  These  affections  of  the  joints  sometimes 
terminate  in  remarkably  sudden  recovery. 

Disease  of  the  mammary  gland. — The  breast  of  a  young  woman  is  very  painful 
and  tender,  and  there  is  probably  an  unnatural  fulness  and  tension  of  the  entire 
gland,  obvious  when  contrasted  with  the  opposite  one.  The  skin  may  have  a  glossy 
aspect,  but  the  surface  is  very  pale ;  or  perhaps  here  and  there  ill-defined  portions 
of  the  gland  appear  somewhat  more  indurated  than  the  rest.  These  symptoms, 
especially  the  last  mentioned,  are  very  much  aggravated  by  repeated  handling,  to 
which,  unfortunately  in  these  cases,  the  breast  is  continually  subjected,  so  that  often 
the  suspicion  of  some  tumour  is  excited,  by  which  matters  are  made  infinitely  worse, 
inasmuch  as  it  leads  to  repeated  and  prolonged  examination.  In  these  cases  the 
true  diagnosis  is  usually  confirmed  by  the  condition  and  history  of  the  patient. 
There  is  commonly  clear  evidence  of  a  feeble  circulation  and  general  debility,  very 
frequently  associated  with  some  irregularity  or  other  disorder  of  the  xiterine  func- 
tions.   Often,  too,  there  have  been  previously  some  decided  symptoms  of  hysteria. 

Retention  of  urine. — A  patient  declares  that  she  is  unable  to  void  her  urine ; 
that  she  has  no  power  over  her  bladder.  The  bladder  may  be  distended  even  to  an 
abnormal  extent,  and  yet  the  urine  is  retained.  The  absence  of  all  local  causes ;  the 
healthy  condition  of  the  urine;  and  the  character  and  history  of  the  patient, 
generally  remove  all  doubt  of  the  nature  of  the  case.  If  the  bladder  be  artificially 
relieved,  the  evil  may  be  indefinitely  pi'olonged.  On  the  other  hand,  continued  reten- 
tion may  lead  to  chronic  inflammation  or  paralysis.  These  untoward  results  are, 
however,  comparatively  very  rare.  The  patient,  if  left  to  her  own  resources,  usually 
discovers  before  very  long  that  the  power  has  returned. 

Local  pain. — Pains  of  every  kind  and  degree  of  severity  affecting  any  and,  in  suc- 
cession, every  part  of  the  body  are  common  enough  in  hysteria.  One  of  the  most  fre- 
quent and  familiarly  recognised  has  been  called  clavus  hystericus.  This  is  a  pain  in 
some  one  point  of  the  head,  which  has  been  likened  to  the  supposed  effect  of  driving  a 
nail  into  the  part ;  hence  the  name.  Its  usual  seat  is  immediately  above  one  eyebrow. 
It  is  frequently  more  or  less  intermittent,  and  sometimes  when  the  paroxysms  occur 
at  regular  intervals,  it  closely  imitates  the  affection  called  brow-ague.  Another  very 
common  seat  of  pain  is  the  side  below  the  mamma,  usually  the  left.  It  is  generally 
accompanied  with  acute  tenderness,  so  that  the  person  is  unable  to  lie  upon  it.  It 
is  sometimes  described  as  a  stitch  in  the  side.  It  is  often  remarkably  persistent. 
Complaint  of  pain  in  the  hypogastric  region  is  very  common.  In  fact,  '  the  processes 
of  ordinary  life,  which  in  health  are  unfelt,  are  sensible  and  sometimes  painfully  so, 
to  the  hysterical  patient,'  The  character  of  the  patient  and  her  history  generally 
declare  the  nature  of  the  case.  These  and  various  other  pains,  more  especially  those 
in  the  head,  are  commonly  described  as  amounting  to  excessive  agony,  and  the 
subjects  of  them  are  very  seldom  at  any  loss  in  their  description.  Their  imagination 
usually  furnishes  abundant  similes  and  illustrations.  It  is  not  uncommon  after  a 
time  to  perceive  in  the  part  complained  of  a  full  and  puffy  condition  of  the  integu- 
ments, accompanied  with  increased  heat  and  perhaps  some  trifling  vascularity,  This 
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immediately  leads  to  the  suspicion  of  abscess,  and  that  after  all  the  diagnosis  was 
wrong.  In  truth,  many  of  these  cases  are  for  a  while  exceedingly  perplexing,  and 
sometimes  it  is  impossible  to  establish  at  once  a  clear  and  satisfactory  diagnosis. 
Chronic  abscesses  are  often  very  insidious  in  their  progress,  and,  at  their  commence- 
ment especially,  most  obscure.  On  the  other  hand,  these  local  hysterical  affections 
sometimes  occur  in  those  in  whom  they  would  be  least  expected  to  arise;  in  whom, 
perhaps,  no  other  evidence  of  hysteria  is,  for  the  time,  apparent.  The  diagnosis  of 
these  pains  is  sometimes  still  further  complicated  by  the  fact  that  they  may  have 
supervened  upon  some  injury,  which  perhaps  was  trivial,  but  which  may  be 
described  as  severe. 

But,  instead  of  being  thus  unduly  exalted,  the  natural  sensibility  of  a  part  may 
be  variously  perverted  or  completely  lost  sometimes  in  one  half  of  the  body.1  And 
these  disorders  are  not  limited  to  ordinary  sensations,  but  affect  the  special  senses 
also. 

Inequality  and  local  variation  in  temperature  are  not  uncommon. 

And  the  same  remark  may  be  extended  to  the  affections  of  voluntary  motion. 
Every  variety  occurs,  from  violent  convulsion  or  spasmodic  contraction  of  a  limb  or 
muscle  to  complete  paralysis.  And  often  two  or  even  more  of  these  disorders 
co-exist,  so  that  it  is  easier  to  imagine  than  to  describe  the  innumerable  forms  and 
varieties  of  local  hysterical  affections. 

Diagnosis. — It  may  be  well  to  review  for  a  moment  the  chief  points  which  should 
be  borne  in  mind  in  the  diagnosis  of  hysterical  affections. 

In  the  first  place,  the  subject  is  generally  a  young  woman,  in  whom,  perhaps,  the 
functions  of  the  uterus  or  of  some  other  organ  have  been  for  some  time  and  are 
disordered,  and  in  whom  hysteria  may  have  been  already  manifested  in  some  of  its 
more  regular  forms.  Yet  it  would  be  a  grave  error  to  suppose  that  local  hysterical 
affections  do  not  occur  in  subjects  who  present  none  of  these  conditions.  They  are 
incidental  to  women  even  in  advanced  periods  of  life,  and  in  whom  no  error  of  func- 
tion can  be  elsewhere  discovered.  Nay,  they  are  sometimes  witnessed  in  the  opposite 
sex,  and  more  frequ3ntly  than  is  commonly  imagined.  Young  men,  the  subjects 
of  excessive  mental  or  bodily  fatigue  and  prostration,  not  unfrequently  exhibit 
local  affections  which  cannot  in  any  way  be  distinguished  pathologically  from 
those  which  are  called  hysterical.  Every  form  of  disease  and  infirmity  is,  in  turn, 
supposed  to  exist,  and  a.bundant  evidence  is  furnished  of  the  accuracy  of  Aristotle's 
observation,  that  mehncholy  persons  are  most  ingenious,  and  it  is  to  these  cases 
especially  that  Sir  J.  Paget's  admirable  lectures  on  '  Nervous  Mimicry '  apply. 
Such  cases  are  often  termed  hypochondriacal ;  but  when  hypochondriasis  is  em- 
ployed in  this  sense,  it  appeal's  to  become  synonymous  with  hysteria.  Indeed, 
Sydenham  and  others  have  considered  hypochondriasis  as  a  modification  only  of 
hysteria,  the  difference  depending  merely  upon  sex.  Certainly  they  are  connected 
by  all  their  main  features,  and  it  is  more  than  difficult  to  say  in  what  essential  points 
they  differ.  Nor  are  local  hysterical  affections  always  preceded  by  hysterical 
paroxysms.  To  assume  this  would  be  as  grave  an  error  as  to  suppose  that  these 
loca!  forms  are  always  cases  of  voluntary  deception.  No  doubt,  in  the  majority  of 
cases,  careful  inquiry  and  examination  will  elicit  some  other  evidence  of  hysteria 
either  past  or  present.  But  to  this  nil  >  there  are  many  exceptions,  and  the  surgeon 
who  relied  upon  it  in  his  diagnosis  would  be  led  too  often  seriously  astray. 

Then,  although  the  affection  may  have  existed — and  it  usually  will  last — for  a 
considerable  time,  there  is  no  commensurate  impairment  of  the  general  health  and 
strength,  such  as  is  produced  by  organic  disease.  The  contrast  between  the  local 
symptoms  and  the  general  mischief  always  furnishes  most  important  evidence. 

A  careful  cross  examination  of  the  local  symptoms  will  generally  elicit  some 
contradiction  or  inconsistency.    For  instance  :  the  pain  and  other  symptoms  are 

1  See  the  interesting  section  on  Hysterical  Hemianesthesia  and  Hysterical  Analgesia,  in 
Charcot's  Lectures,  New  &yit.  So/:  Trans.,  p.  248.  The  connection  of  anaesthesia  on  one  side 
with  hyperesthesia  o,(  the  other  ovary  is  especially  curious. 
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often  remittent  or  intermittent,  not  steady  and  abiding.  The  pain  is  often  super- 
ficial ;  in  fact,  integumental,  and  very  prone  to  be  widely  diffused  beyond  the 
supposed  seat  of  mischief.  Moreover,  although  after  a  time  there  may  be  some 
slight  alteration  in  the  size  and  shape  of  the  part,  there  is  never  that  decided  and 
peculiar  change  which  is,  sooner  or  later,  the  inevitable  result  of  certain  local 
diseases. 

Chloroform  is  often  of  invaluable  assistance  in  the  diagnosis  of  hysterical  affec- 
tions ;  for  instance,  in  a  case  of  contraction  of  a  limb.  When  the  patient  is  fairly 
under  its  influence,  she  can  neither  complain  nor  resist ;  and  the  ease  with  which  the 
limb  can  be  then  extended,  its  perfect  mobility  and  natural  condition,  proves  the 
affection  to  be  simply  a  fault  of  volition. 

But  the  difficulty  of  diagnosis  is  incalculably  increased  when  hysteria  supervenes 
upon  some  real  disease.  Ordinary  symptoms  then  become  exaggerated,  and  the 
cause  of  their  origin  is  apt  to  be  overlooked  in  their  obvious  association  with  hys- 
teria. Close  and  continued  observation  will  at  length  resolve  the  doubt.  In  some 
of  these  cases  chloroform  will  remove  the  difficulty.  But  such  a  combination  is 
comparatively  rare.    Hysteria  generally  disappears  before  real  disease. 

Finally,  hysteria  is  far  more  frequently  mistaken  for  real  disease  than  real  disease 
for  hysteria,  not  only  because  it  appears  so  curiously  disguised  and  is  so  prone  to 
simulate  other  diseases,  but  also  because  it  so  commonly  occurs. 

Sydenham  affirmed  that  hysterical  disorders  '  constitute  one  moiety  of  chronic 
distempers ;  '  and  this  statement  is  endorsed  by  Conolly.  Brodie  says  :  '  I  do  not 
hesitate  to  declare  that  among  the  higher  classes  of  society,  at  least  four-fifths  of  the 
female  patients  who  are  commonly  supposed  to  labour  under  diseases  of  the  joints, 
labour  under  hysteria,  and  nothing  else.' 

Pathology. — All  the  phenomena  of  hysteria  prove  it  to  be  a  disease  of  the  nervous 
centres ;  and  the  only  rational  account  which  can  be  given  of  its  pathology  is  that 
it  is  a  perversion  or  exaggeration  of  the  ordinary  reflex  actions,  due  in  all  probability 
either  to  some  original  fault  in  the  structure  of  the  nervous  centres  or  to  deteriora- 
tion of  their  nutrition  ;  but  what  the  nature  of  such  fault  or  deterioration  may  be  is 
quite  unknown.  Hysteria  is,  almost  as  a  rule,  associated  with  some  form  of  debility 
of  the  system,  or  defect  in  the  general- health ;  and  this,  connected  with  its  variable 
manifestations;  its  sudden  access  and  disappearance,  often  as  the  result  of  some 
forcible  impression  on  the  nervous  system  ;  its  cure  by  means  which  improve  the 
health  and  strength  ;  and  the  absence  of  any  discoverable  lesion  or  defect  after  death, 
dissection  affording  only  negative  evidence. — seem  to  connect  the  affection  with  the 
quantity  and  quality  of  the  blood  supplied  to  the  nerve-centres,  in  a  word,  with  their 
nutrition.  That  a  defective  condition  of  the  blood  or  its  circulation  should  be 
primarily  manifested  in  these  organs,  is  the  result  of  the  fact  that  no  other  organs 
are  so  immediately  dependent  on  a  healthy  supply. 

The  nerve-centres  being  thus  predisposed,  a  very  trivial  impression  will  be  suffi- 
cient to  excite  the  local  or  general  phenomena  of  hysteria.  The  exciting  cause  may 
be  either  some  abnormal  state  of  any  organ  producing  irritation,  or  the  disease  may 
have  its  origin  in  a  nerve-centre.  In  this  way  the  emotions  may  be  supposed  to 
act. 

Thus  the  excitiug  cause  of  hysteria  may  be  either  qf  centric  or  eccentric  origin. 
In  the  latter  case  there  may  be,  as  in  epilepsy,  an  aura  hysterica,  a  pain,  tenderness, 
or  other  peculiar  sensation  radiating  from  a  certain  point,  and  followed  by  the 
hysterical  fit  or  other  explosion  of  the  disease.  Of  this  phenomenon  instances  are 
recorded  in  most  works  on  Hysteria. 

Viewing  hysteria  in  this  light,  it  is  easy  to  understand  its  common  association 
with  disorders  of  the  uterine  functions ;  an  association  so  frequent,  that  by  many  it 
has  been,  and  is  still  believed  to  be,  constant,  as  the  derivation  ,of  Jbe  wprd  implies. 
That  the  local  irritation  should  be  so  frequently  connected  with  the  generative 
organs  is  what  would  be  naturally  expected  from  a  consideration  of  the  nature  of  their 
relation  to  other  organs  through  the  nervous  system — their  extensive  '  sympathies  '  ' 
the  powerful  and  active  causes  of  excitement,  and  numerous  disturbanpes  to  which 
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they  are  subjected.  But  there  is  ample  evidence  to  show  that  the  exciting  cause 
may  be  elsewhere,  as  for  instance,  in  the  intestinal  canal,  and  act  quite  independently 
of  the  generative  organs. 

For  the  same  reason  it  can  be  understood  why  hysteria  so  commonly  occurs  in 
women,  seeing  that  the  organs  of  generation,  from  their  nature  and  influence,  are  so 
liable  to  prove  an  exciting  cause,  and  that  the  system  generally  of  women  is,  as  a 
rule,  so  much  more  impressible  than  that  of  men. 

But.  as  would  be  expected  in  this  view  of  it,  hysteria  does  sometimes,  though 
comparatively  seldom,  occur  in  men  ;  although  in  them  the  general  symptoms  of 
hysteria  rarely  become  paroxysmal.  They  usually  assume  the  features  of  hypochon- 
driasis, which,  if  not  identical  with  hysteria,  is  yet  so  closely  allied  to  it,  that  the 
one  passes  by  insensible  degrees  into  the  other. 

Nor  is  it  difficult  to  understand  how  hysteria  may  supervene  upon  some  local 
(Ksease  which  may  act  as  its  exciting  cause.  Thus  hysteria  may  be  set  up  by  a 
wound  or  tumour.1  On  the  other  hand,  but  more  rarely  and  obscurely,  a  local 
hysterical  affection  may  lay  the  foundation  of  organic  disease. 

The  influence  of  the  mind  upon  the  body  is  a  subject  well  worthy  of  the  most 
attentive  consideration.  If  everyone  were  familiar  with  the  striking  effects  which 
may  be  produced  by  a  steady  and  continued  concentration  of  the  attention  upon  a 
part  of  the  body,  we  should  hear  less  of  the  frauds  and  follies  attributed  to  '  animal 
magnetism '  and  of  some  other  deceptions.  Hysteria  remarkably  illustrates  the 
poweiful  influence  of  emotions  upon  both  body  and  mind  ;  and  more  especially  when 
it  occurs,  as  it  sometimes  does,  in  imitation  as  it  were  of  a  paroxysm  witnessed  in 
another.  It  has  been  often  remarked  that  one  hysterical  patient  in  a  ward  will 
sometimes  produce  many  more. 

It  is  worthy  of  note  that  in  hysteria,  more  especially  in  its  local  forms,  the  effect 
produced,  leading  at  length  to  some  change  or  disturbance  in  the  part,  may  react 
upon  the  susceptible  nerve  centres,  and  thus  aggravate  materially  the  existing  mis- 
chief. It  is  said  that  the  liability  to  the  hysteric  paroxysm  bears  an  exact  ratio  to 
its  past  frequency. 

It  is  sometimes  very  difficult,  if  not  impossible,  to  diagnose  between  hysterical 
and  neuralgic  affections  on  the  one  hand,  and  hysterical  and  feigned  diseases  on 
the  other.  And  although  in  its  typical  and  more  common  forms  hysteria  is  suffi- 
ciently distinct  from  either  neuralgia  or  voluntary  simulation  of  disease,  yet 
extreme  cases  are  met  with  by  which  it  appears  to  merge  into  one  or  the  other.  As 
a  distinctive  character  between  hysteria  and  neuralgia,  it  may  be  said  that  in  the 
latter  the  cause  of  the  mischief  is  always  somewhere  in  the  nerve  or  nerves  between 
the  seat  of  pain  and  the  centre  inclusive.  Although,  contrary  to  the  opinion  of  some, 
we  venture  to  think  that  cases  of  voluntary  deception  should  be  separated  from 
hysteria.  In  practice  this  may  not  be  always  possible,  but  pathologically  the 
distinction  appears  to  be  clear ;  and  to  include  them  under  a  common  term  can 
lead  only  to  confusion. 

Still  more  difficult  is  oftentimes  the  diagnosis  between  hysterical  and  what  are 
called  sympathetic  pains ;  for  in  either  case  the  cause  is  perhaps  some  local  irritation 
acting  through  a  nerve-centre.  After  all,  the  chief  means  of  distinction  here  must 
lie  in  the  proportion  between  local  cause  and  the  effect.  Can  it  be  assumed  that  the 
local  mischief  or  disturbance,  whatever  it  may  be,  is  in  itself  adequate  to  account  for 
the  result  1  If  not,  is  there  then,  so  far  as  can  be  ascertained,  any  additional  evidence 
of  undue  irritability  or  increased  susceptibility  of  the  nerve-centres  which  will  explain 
the  exaggerated  effects  1 

Treatment. — The  management  of  a  person  in  a  fit  of  hysteria  is  a  very  simple 
matter.  Beyond  placing  her  out  of  the  way  of  mischief,  on  a  bed  or  a  couch  perhaps, 
the  less  that  is  done  the  better.  Many  of  the  plans  of  treatment  which  have  been 
recommended  are  certainly  injurious.  It  is  doubtful  if  any  of  them  are  beneficial. 
Above  all,  no  restraint  should  be  imposed  upon  the  patient,  excepting  such  as  appears 
to  be  absolutely  necessary  for  her  safety.  It  seldom  happens  that  she  seriously 
1  On  this  '  Keflex  Hysteria,'  see  the  essay  on  Diseases  of  Nerves. 
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injures  herself.  Of  this  there  is  much  less  real  than  apparent  clanger.  The  subse- 
quent exhaustion  is  generally  very  trifling  ;  there  is  apparently  a  curious  dispropor- 
tion between  this  and  the  violence  of  the  paroxysm. 

In  the  treatment  of  hysteria,  besides  those  general  measures  which  are  calculated 
to  correct  the  morbid  disposition  of  the  system,  special  remedies  are  usually  needed  to 
remove  the  exciting  cause.  This,  in  a  cursory  inquiry,  is  very  likely  to  be  overlooked, 
as  it  is  often  subtle  and  obscure.  It  is  especially  liable  to  escape  notice  because  com- 
monly connected  with  some  disorder  of  those  functions  which,  being  in  more  immediate 
relation  with  the  ganglia  of  the  sympathetic  system,  are  frequently  not  revealed  by 
direct  and  obvious  symptoms.  Yet  it  is  always  very  important,  and  often  essential, 
that  the  exciting  cause  be  detected,  and  this  a  close  and  careful  investigation  will 
usually  disclose.  Then,  beyond  regarding  the  condition  of  the  system  generally,  the 
state  of  every  function  should  be  particularly  examined,  more  especially  those  of  the 
uterus,  the  disorders  of  which  prove  to  be  so  frequently  the  immediate  exciting  cause  ; 
and,  whatever  is  discovered  to  be  wrong,  either  here  or  elsewhere,  must  be  treated 
accordingly. 

In  investigating  the  nature  of  any  local  affection,  with  the  view  of  determining  its 
relation  to  hysteria,  the  condition  of  the  part  affected  should  be  carefully  examined 
in  the  first  place — and  this,  if  necessary,  with  the  aid  of  chloroform — in  order  to  dis- 
cover if  there  exist  any  equivalent  cause  for  the  evil  complained  of.  Failing  in  this, 
the  investigation  should  be  carried  along  the  course  of  its  nerves  to  their  centre ; 
and  no  evidence  being  obtained  of  anything  unnatural,  the  state  of  all  the  organs 
should  be  successively  examined.  Then  the  condition  of  the  system  generally  in 
regard  to  the  health  and  strength,  not  of  the  body  alone,  but  of  the  mind  also.  And, 
lastly,  the  previous  history  and  present  habits  of  the  patient. 

Certain  applications  are  often  beneficial  in  temporarily  relieving  local  pain,  such  as 
lotions  or  ointments  of  aconite,  belladonna,  or  opium,  or  injections  of  morphia.  But 
there  is  one  grand  objection  to  all  of  them.  They  become  the  means  of  continually 
directing  attention  to  the  part,  and  of  magnifying  the  importance  of  its  symptoms. 
The  temporary  relief  of  pain  frequently  fails  to  counterbalance  these  evil  effects. 
This  objection,  however,  does  not  apply  so  forcibly  to  the  application  of  plasters  ;  and 
it  is  often  an  excellent  plan  to  cover  completely  the  part  with  some  plaster  spread  on 
leather  or  moleskin,  and  not  to  allow  it  to  be  exposed  or  touched  so  long  as  the 
plaster  will  adhere.  Thus  the  great  evil  of  repeated  examination  is  prevented.  In 
hysterical  affections  of  the  breast,  for  instance,  this  kind  of  local  treatment  is 
eminently  serviceable.  Latterly  the  application  of  discs  or  bands  of  metal  has  been 
found  beneficial  in  restoring  sensation  and  warmth  to  the  anaesthetic  regions  in  cases 
of  hysterical  anaesthesia  or  hemianesthesia  ;  but  the  benefit  seems  to  be  in  most  cases 
only  temporary.1 

In  the  case  of  muscular  rigidity  or  contraction— as,  for  example,  when  the  leg  is 
drawn  up  towards  the  thigh — when,  with  the  aid  of  anaesthesia,  relaxation  has  been 
effected,  and  the  part  has  been  restored  to  its  usual  position,  it  sometimes  proves 
useful  to  retain  it  so  by  means  of  a  splint  or  otherwise,  so  that  when  the  patient 
recovers,  we  are  able  to  appeal  to  the  fact  as  unanswerable  confirmation  of  the  truth 
of  our  conviction  respecting  the  nature  of  the  case.  If  this  plan  be  not  adopted, 
it  is  curious  to  witness  the  gradual  return  of  the  part  to  its  previous  condition  so 
soon  as  the  effects  of  the  anaesthetic  begin  to  subside.  And  even  after  the  artificial 
restraint  has  been  continued  for  several  days,  as  a  rule,  the  same  relapse  immediately 
follows  its  removal. 

But  these  obstinate  and  enduring  local  affections  can  be  satisfactorily  treated 
only  by  general  measures.  The  difficulty  of  effecting  a  cure  sometimes  appears  to  be 
almost  insuperable  ;  and  this  not  so  much  from  failure  of  the  means  employed,  as 
from  the  extreme  difficulty  in  many  cases  of  enforcing  their  application.  And  this 
difficulty  is  complicated  when  the  exciting  cause  has  its  origin  in  centric  disturbances, 
as  mental  emotions.  For  in  this  case  it  is  too  often  placed  beyond  our  control. 
Nevertheless,  this  we  must  endeavour  to  reach,  if  possible ;  but  failing,  the  attempt 

1  Brit.  Med.  Jown.,  May  19,  1877. 
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should  be  made  to  direct  the  discharge  or  expenditure  of  emotion  through  another 
and  more  natural  channel  ;  as,  for  example,  in  active  exercise.  This  is  more  prac- 
ticable than  attempting  in  the  tirst  instance  to  suppress  its  effects,  for  in  a  mind 
unaccustomed  to  discipline  this  is  not  easily  accomplished.  The  worst  fits  are  those 
which  supervene  upon  intense  efforts  to  suppress  strong  emotions.  Carter  says,  '  It 
may  be  taken  as  an  invariable  rule,  that  the  paroxysm  will  be  violent  in  exact  pro- 
portion to  the  length  of  time  during  which  the  feelings  giving  rise  to  it  have  been 
concealed.'  In  these  cases,  certain  of  the  nerve-centres  may  be  fairly  described  as  in 
a  state  of  extreme  tension,  and  the  discharge  of  nerve  force  through  one  or  other,  in 
the  various  channels  by  which  reflex  actions  are  ordinarily  manifested,  seems  in 
numerous  instances  to  afford  natural  and  safe  relief.  As  previously  stated,  when  the 
affection  is  voluntary  on  the  part  of  the  patient,  when  it  is  a  case  of  wilful  simulation, 
then  it  passes  beyond  hysteria.  But  there  are  some  cases — and  these  are  the  most 
perplexing — in  which,  from  long-continued  disuse  and  want  of  effort,  the  will  has  lost 
its  due  control  over  the  emotional  influences.  The  most  common  cases  are  '  those  in 
which  the  occurrence  of  the  fit,  although  not  volitional,  is  yet  a  matter  of  surrender, 
and  might  be  prevented  under  the  pressure  of  an  adequate  motive.' 

Besides  the  adoption  of  all  those  hygienic  measures  which  are  adapted  to  improve 
health  and  increase  strength — and  it  must  not  be  forgotten  that  debility  diminishes 
resistance  to  emotional  as  well  as  to  other  influences — a  vigorous  and  persevering 
attempt  must  be  made  to  erase  all  vicious  habits  and  to  remove  all  baneful  influences. 
In  order  to  succeed,  the  surgeon  will  need  the  aid  of  those  whose  consistent  co-opera- 
tion it  is  often  most  difficult  to  secure.  Friends  frequently  fail  to  perceive  the 
necessity  of  a  plan  of  treatment  which  otherwise  appeal's  to  be  harsh  and  cruel. 
Matters  are  very  often  made  worse  by  yielding  to  that  desire  for -sympathy  which  is 
so  urgent  and  universal.  As  the  rule,  hysteria  will  be  found  to  be  engrafted  upon 
some  form  of  debility,  and  this,  in  many  cases,  is  the  result  of  the  kind  of  life  which 
these  patients  have  led.  Hysteria  is  one  of  the  many  penalties  imposed  upon  idle- 
ness. It  will  be  too  often  found  upon  inquiry,  that  while  the  functions  of  neither 
the  mind  nor  the  body  are  ever  exerted  or  even  fairly  exercised,  the  emotions  un- 
controlled are  continually  subjected  to  unwholesome  excitement. 

William  Scovell  Savouv,  1870. 
T.  Holmes,  1882. 
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SINCE  the  last  edition  of  this  work  was  published  our  knowledge  of  the  structure 
and  certain  other  characters  of  tumours  has  been  greatly  extended,  partly  owing 
to  improved  methods  of  microscopical  investigation,  and  partly  to  the  increased 
number  of  persons  who  are  capable  of  examining  and  reporting  correctly  on  the 
structure  of  a  tumour.  The  admirable  plates  in  the  '  Pathological  Transactions,' 
copied  from  the  drawings  of  many  artists  who  are  members  of  the  Society,  witness  to 
this  statement.  Nevertheless  it  is  necessary  to  repeat,  although  with  great  regret, 
that  a  complete  description  of  tumours  is  not  even  yet  possible,  and  that  '  on  some 
points  there  is  almost  everything  to  learn.' 1 

Among  other  changes,  the  anatomical  classification  of  tumours,  which  a  few  years 
ago  was  scarcely  more  than  a  suggestion,  has  been  since  then  almost  universally 
adopted,  so  that  the  fashion  of  the  time,  apart  from  any  graver  reason,  would  oblige 
me  to  employ  it  here.  The  obligation  is  accepted,  however,  without  reluctance,  be- 
cause the  clinical  classification  has  gradually  become  more  and  more  impossible,  and 
because  the  anatomical  method  is  more  in  accordance  with  that  which  is  employed  in 
scientific  classifications,  and  appears  likely  to  lead  to  a  more  accurate  knowledge,  not 
of  the  structure  only,  but  of  the  life-history  of  tumours. 

All  tumours  are  therefore  arranged,  as  far  as  possible,  according  to  the  natural 
textures  they  resemble,  and  those  tumours  which  are  not  constructed  after  the  type 
of  any  of  the  perfect  natural  tissues  fall  for  the  most  part  into  one  of  two  great  classes, 
Sarcoma  and  Carcinoma.  Under  sarcoma  fire  included  all  tumours  which  are  im- 
perfectly developed  and  are  derived  from  the  connective  tissues.  They  may  gener- 
ally be  distinguished  by  their  structure,  which  consists  of  a  vast  number  of  cells 
imbedded  in  a  more  or  less  abundant  matrix  or  intercellular  substance,  often  without 
any  very  definite  arrangement.  The  vessels  run  between  the  cells,  which  appear  to 
multiply  by  division.  Under  carcinoma  are  included  only  tumours  of  epithelial 
origin  ;  derived  from  the  surface  epithelium,  or  that  lining  cavities  or  glands.  These 
tumours  have  generally  an  alveolar'  structure  ;  the  alveoli  are  filled  with  cells  of  an 
epithelial  type,  which  seem  to  increase  in  number  by  endogenous  formation  ;  and  the 
vessels  lie  in  the  fibrous  tissue  or  stroma  by  which  the  alveoli  are  formed.  The 
microscopic  structure  cannot,  however,  be  absolutely  relied  on,  for  sarcomas  some- 
times exhibit  an  alveolar  structure  ;  and  the  alveoli  of  some  carcinomas  are  so  ill 
defined  that  they  can  scarcely  be  distinguished.  On  this  account  the  definitions 
employed  by  Virchow,  and  the  pathologists  of  his  school,  cannot  be  maintained,  for 
they  are  founded  solely  on  structural  differences ;  and  thus  tumours  of  an  entirely 
different  origin  are  liable  to  be  grouped  together.  Nor,  on  the  other  hand,  does  it 
appear  possible  with  advantage,  at  present  at  least,  to  classify  these  tumours  accord- 
ing to  the  layers  of  the  blastoderm  from  which  the  tissues,  whence  they  are  derived, 
have  been  developed.  The  connective  tissue  and  epithelial  origin  of  sarcoma  and 
carcinoma  is  adopted  here  because  it  affords  a  sound  basis  of  division,  and  there  is 
little  difficulty  in  arranging  tumours  in  one  or  the  other  of  the  two  classes,  either 
from  a  knowledge  of  their-  origin  or  from  the  strongly  marked  characters  which  they 
present. 

That  there  are  difficulties  in  the  way  of  a  perfect  anatomical  classification  every- 
one who  has  studied  the  subject  must  admit.  Thus  it  is  difficult  to  know  how  to 
class  the  tumours  derived  from  endothelium,  which  resemble  closely  the  squamous 

1  See  last  edition,  vol.  i.  p.  496. 
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epitheliomas  ;  but,  since  the  endothelium  is  said  to  belong  to  the  connective  tissue 
series,  the  endotheliomas  may  perhaps  be  included  among  the  sarcomas.  They 
will  for  the  present,  however,  be  placed  in  a  separate  class  between  the  sarcomas  and 
carcinomas.  Again,  the  nomenclature  is  inconsistent ;  for,  while  all  the  simpler 
tumours  are  named  after  the  tissues  they  resemble,  other  tumours,  notably  the 
carcinomas,  are  still  recognised  by  the  names  which  have  been  applied  to  them  during 
centuries,  and  which  bear  no  relation  to  their  structure  or  other  qualities.  Long- 
continued  custom  and  the  difficulty  of  finding  appropriate  names  with  which  to  i-e- 
place  them  are  the  reasons  why  they  still  are  used. 

A  serious  difficulty  has  been  always  felt  in  defining  so  accurately  the  meaning  of 
the  term  tumour  as  to  exclude  inflammatory  growths,  mere  hypertrophies,  and  tlioso 
masses  of  uncertain  nature  formed  in  connection  with  syphilis  and  struma.  Certainly 
most  of  these  enlargements  and  growths  are  excluded  from  among  the  tumours,  but 
the  exclusion  is  arbitrary,  and  not  in  obedience  to  a  perfect  definition.  On  the  other 
hand,  many  enlargements  which  are  not  really  tumours  are  admitted,  almost  by 
common  consent,  among  them.  Of  these  the  cysts,  the  large  majority  of  which  are 
not  even  new  growths,  form  a  notable  example.  Although,  with  due  regard  for 
custom,  they  will  be  included  in  this  article,  no  attempt  will  be  made  to  classify 
them  in  a  similar  manner  to  the  tumours  proper. 

The  characters  in  which  tumours  of  every  kind  most  nearly  correspond 
are  in  their  independent  growth  and  almost  independent  life,  so  little  do  they 
appear  to  concern  themselves  with  the  interests  of  the  body  as  a  whole  ;  in  their 
comparative  freedom  from  inflammation  and  suppuration,  although  certain  of  them 
almost  invariably  ulcerate;  in  their  tendency  to  continuous  growth  ;  in  the  tenacity 
with  which  they  maintain  their  hold  upon  the  individual,  rarely  disappearing  or 
even  diminishing  in  size ;  and  in  their  immunity  from  the  power  of  drugs,  to  which 
no  tumour  has  been  clearly  known  to  yield.1  Yet  they  differ  widely  from  one 
another  :  first,  in  the  relation  which  they  bear  to  the  tissues  in  whose  midst  they 
grow,  some  of  them  being  merely  outgrowths  from  the  surface,  but  continuous  with 
the  substance  of  the  parts  ;  others  cut  off  from  the  surrounding  structures  by  a  thick 
tough  fibrous  capsule  ;  others  separated  by  no  capsule,  but  yet  distinct  and  circum- 
scribed, and  others  again  neither  separate  nor  circumscribed,  but  as  if  diffused  through 
the  natural  structures :  second,  in  the  influence  they  exert  on  the  life  of  the  indi- 
vidual ;  some  tumours  increasing  slowly  during  many  years  without  obviously  affect- 
ing the  general  health,  others  destroying  life  by  the  gradual  destruction  of  a  vital 
part,  and  others  speedily  proving  fatal  by  the  affection  of  many  organs  or  tissues. 
They  differ,  too,  in  their  physical  characters  and  their  rapidity  of  growth,  so  that  the 
contrast  between  different  tumours  is  often  far  greater  than  between  the  tumours 
and  the  diseases  closely  allied  with  them. 

All  tumours,  whatever  be  their  structure,  appear  to  be  derived  from  the  natural 
elements  or  textures  of  the  body  ;  but  there  are  many  perplexing  questions  connected 
with  their  source  and  mode  of  origin.  Whether,  for  example,  they  originate  from 
stationary  elements  or  from  wandering  cells  1  Why  the  same  organ  or  tissue  gives 
rise  in  one  instance  to  a  tumour  resembling  itself  in  structure  (homologous  growth), 
in  another  instance  to  a  tumour  of  a  widely  dissimilar  structure  (heterologous  growth)  1 
Whether  all  growths  begin  in  the  form  of  embryonic  or  granulation  tissue?  To 
these  qtiestions  no  perfectly  satisfactory  replies  can  be  returned,  though  they  are 
frequently  discussed,  and  various  theories  have  been  advanced  especially  to  explain 
the  origin  of  heterologous  growths.  That  which  has  been  most  readily  accepted  of 
late  years  is  what  maybe  called  the  '  inclusion-theory  '  of  Cohnheim,2  which  supposes 
that  these  tumours  are  derived  from  a  fragment  or  tiny  mass  of  embryonic  tissue, 
forgotten  and  enclosed  unorganised  in  the  substance  of  a  completely  developed  part. 
This  tissue  may  remain  unaltered  during  many  years,  until,  on  the  application  of 
some  exciting  cause,  most  frequently  an  increased  vascularity,  it  is  lighted  up  into 

1  The  nature  of  those  glandular  enlargements  which  yield  to  arsenic  has  not  been  clearly 
proved.  But  the  fatty  outgrowths  which  are  said  to  give  way  to  long-continued  treatment 
with  liquor  potassse  may  perhaps  he  regarded  as  an  exception  to  this  rule. 

a  Vorlemiiyen  ucber  Alhjemcine  Patholoffie.    Berlin,  1877,  vii.  s.  G22. 
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active  growth,  which  results  in  the  formation  of  a  tumour.  This  theory,  which 
possesses  a  certain  fascination,  is  not  however  supported  by  actual  observation,  nor 
does  it  rest  on  any  sure  foundation. 

Another  older,  and  still  more  fascinating,  theory  than  that  of  Cohnheim  is  the 
theory  of  the  parasitic  origin  of  tumours,  or  if  not  of  all  tumours,  yet  of  those  that  are 
malignant.  If  this  theory  could  but  be  proved,  many  of  the  most  difficult  problems 
of  malignancy  might  readily  be  solved.  But,  unfortunately,  it  still  rests  on  no 
firmer  base  than  that  of  the  resemblance  of  the  processes  of  malignancy  to  those  of 
certain  parasitic  diseases.  No  material  introduced  from  without  has  been  discovered ; 
nor  do  the  elements  of  malignant  tumours  differ  so  widely  from  those  of  the  natural 
tissues  of  the  body  that  the  connection  between  them  cannot  be  traced. 

It  is  possible  the  effect  of  '  parasiticisin  '  may  be  produced  by  an  invisible  agent, 
either  introduced  from  without  the  body  or  formed  within,  acting  on  the  cellular 
elements  after  the  manner  of  a  ferment.  With  this  suggestion  there  is  linked  the 
further  possibility  that  this  agent  may  be  associated  with  ore  or  other  of  the 
minute  organisms  which  have  been  of  late  the  objects  of  so  much  attention. 

The  whole  question  of  the  aetiology  of  tumours  is  exceedingly  involved.  In  the 
large  majority  of  cases  they  are  formed  without  any  apparent  cause.  In  other  in- 
stances the  connection  between  the  new  growth  and  the  alleged  cause  is  exceedingly 
obscure.  But  in  other  instances,  again,  the  nature  of  the  cause  and  its  relation 
to  the  tumour  are  very  clear.  Thus  some  epitheliomas  of  the  scrotum  and  the 
tongue  can  be  clearly  traced  to  long-continued  irritation  ;  some  carcinomas  of  the 
breast  result  from  eczematous  conditions  of  the  nipple ;  some  sarcomas  of  the  bones 
date  immediately  from  the  occurrence  of  an  injury.  Such  causes  of  tumours  as  long- 
continued  irritation  and  chronic  inflammation,  and  injuries,  are  commonly  accepted, 
although  it  is  quite  certain  that  these  are  present  in  a  multitude  of  patients  without 
producing  tumours. 

Besides  these  there  are  other  causes  which  are  regarded  chiefly  as  predisposing. 
Thus  the  slow  degeneration  of  the  breast  after  the  catamenia  have  ceased,  and  the 
hyaline  change  in  the  tissues  of  the  lip  of  aged  men,  probably  predispose  to  cancer. 
Grief  and  anxiety  are  presumed  to  act  as  predisposing  causes.  And  inheritance  is 
perhaps  more  universally  than  either  of  these  admitted  as  a  powerful  predisposing 
cause,  not  only  of  cancer,  but  of  some  innocent  tumours. 

Whether  the  condition  inherited  consists  in  a  predisposition  of  certain  parts  of 
the  body,  when  unduly  stimulated,  to  take  on  morbid  growth  ;  or  whether  it  consists 
in  an  equal  liability  of  all  parts  to  the  formation  of  tumours,  provided  certain  favour- 
able conditions  are  present ;  or  whether  it  consists  in  a  peculiar  condition  of  the 
circulating  fluids,  is  quite  uncertain.  The  belief  in  its  influence  rests  on  the  fact 
that  cancer  is  very  prevalent  in  certain  families,  and  that  cases  of  cancer  can  be 
traced  in  the  family  histories  of  a  certain  proportion  of  cancer  patients.  Examples 
of  the  first  kind  are  afforded  by  what  is  termed  the  Middlesex  Hospital  case  of  a 
mother  and  five  of  her  daughters,  all  of  whom  had  cancer  of  the  left  breast ; 1  and 
by  the  family  mentioned  by  Broca,  in  Ave  generations  of  which  sixteen  persons 
out  of  twenty-six  who  lived  beyond  the  age  of  thirty  died  of  cancer.'2  The  second 
form  of  evidence  rests  on  the  authority  of  hospital  and  private  records.  In  hospital 
practice  a  history  of  cancer  in  some  near  relative  of  a  cancerous  patient  is  obtained 
in  about  one  case  in  every  five  or  six.  In  private  practice,  according  to  the  experi- 
ence of  Sir  James  Paget,3  a  cancerous  history  may  be  obtained  in  one  of  every  three 
cases  :  a  difference  which  is  accounted  for  by  the  more  accurate  information  on  these 
matters  possessed  by  the  wealthier  classes  of  society.  Mr.  Cripps  4  has  recently 
pointed  out  in  a  very  ingenious  paper  that  the  proportion  of  deaths  from  cancer 
among  the  parents  and  grandparents  of  cancerous  patients  is  scarcely  larger  than  the 
proportion  of  deaths  from  cancer  is  to  the  total  number  of  deaths  from  all  causes  in 
this  country.    Certainly  this  kind  of  evidence  would  be  much  inore  valuable  if  it 

1  Charles  Moore,  Antecedents  of  Cancer,  p.  37  (1865). 

2  Traite  des  Tumeurs,  t.  i.  p.  151,  1866.  3  Path.  Trans,  vol.  xxv.  p.  317,  1874. 
4  St.  Bartholomew's  Hasp.  Rep.,  vol.  xiv.  p.  2S7,  1878. 
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were  shown  that  a  family  history  of  cancer  cannot  be  obtained  in  an  equal  proportion 
of  patients  not  suffering  from  cancer.  If  the  theory  of  inheritance  be  admitted  on 
the  evidence  gathered  from  these  sources,  it  is  clear  from  the  same  sources  that  the 
inherited  disease  need  not  attack  corresponding  structures  in  parent  and  offspring, 
need  not  appear  at  the  same  age,  and  need  not  be  of  the  same  kind  in  both  genera- 
tions. Thus,  the  father  may  suffer  from  epithelioma  of  the  lip  during  old  age,  the 
son  from  sarcoma  of  the  fibula  during  boyhood.  This  by  no  means  diminishes  the 
difficulty  of  discovering  what  is  the  condition  which  is  inherited. 

In  addition  to  the  causes  already  mentioned  there  are  certain  conditions  which 
exercise  a  marvellous  effect  in  determining  the  liability  to  tumours,  especially  to 
certain  kinds  of  tumours.  The  first  of  these  is  age  ;  for,  although  it  cannot  be  said 
that  any  age  is  exempt  from  the  occurrence  of  a  tumour,  since  some  tumours  are  con- 
genital and  others  attack  persons  in  the  eighth  and  ninth  decades  of  life,  yet  tumours 
of  every  kind  are  far  more  common  during  or  after  the  middle  period  of  life.  Some 
tumours  only  appear  in  some  parts  of  the  body  after  a  certain  age.  Thus,  epithelioma 
of  the  oesophagus  and  tongue  and  lip  may  be  said  never  to  attack  persons  under  30 
years  of  age,  so  very  rarely  is  this  rule  transgressed.  Carcinoma  of  the  breast  is  very 
rare  before  the  age  of  30,  uncommon  until  the  40th  year  is  reached.  Sarcoma  of  the 
testis  occurs  in  children  under  10  years  old  and  in  men  at  middle  age  ;  carcinoma  of 
the  testis  probably  never  during  childhood.  Sometimes  a  possible  relation  may  be 
traced  between  the  age  of  the  patient  and  the  supposed  or  known  condition  of  the 
affected  part  at  that  age.  In  this  way  the  comparative  frequency  of  cancer  of  the 
breast  in  women  over  40  is  explained  by  the  changes  to  which  the  breast  is  subject 
about  the  time  of  the  cessation  of  the  menses.  But  more  often  the  association  of 
certain  tumours  with  certain  periods  of  life  appears  to  be  quite  arbitrary. 

The  second  condition  is  .wr,  the  effect  of  which  is  exhibited  chiefly  in  the  liability 
of  the  sexual  oi-gans  to  various  forms  of  tumour.  Thus,  the  breast  and  uterus  are 
so  frequently  the  seat  of  tumours  that  this  fact  alone  is  sufficient  to  account  for  the 
much  greater  frequency  with  which  women  are  attacked  by  new  growths,  especially 
by  malignant  tumours.  But  the  influence  of  sex  makes  itself  felt  in  a  manner  still 
more  marked  and  strange  than  this.  For  parts  of  the  body  which  to  all  seeming 
art!  identical  in  form  and  structure,  and  which  exist  under  similar  conditions  in  the 
two  sexes,  are  yet  attacked  unequally  by  tumours.  A  striking  example  of  this  is  in 
the  relative  frequency  with  which  the  oesophagus  and  tongue  and  lip  are  the  seat  of 
epithelioma  in  males  and  females.  All  these  parts  are  affected  at  least  five  times 
more  often  in  the  former  than  in  the  latter.  The  disproportion  appears  to  be  greater 
in  the  tongue  than  in  the  oesophagus,  and  greatest  of  all  in  the  lip,  where,  though 
the  disease  commonly  occurs  in  men,  it  is  almost  unknown  in  women. 

From  what  has  just  been  stated  it  may  easily  be  gathered  that  all  parts  of  the 
body  are  not  equally  prone  to  the  growth  of  tumours.  Indeed,  locality  is  a  very 
important  factor  in  considering  the  conditions  which  tend  to  their  formation.  Cer- 
tain organs  and  tissues  are  very  liable  to  the  formation  of  tumours  of  many  kinds — the 
female  breast  for  example.  Some  organs  or  tissues  are  affected  only  by  one  kind  of 
carcinoma,  never  by  sarcoma,  and  very  rarely  by  any  of  the  simple  tissue  tumours. 
This  is  so  in  the  tongue,  which  is  frequently  the  seat  of  epithelioma,  never  of 
sarcoma,1  rarely  of  fatty,  glandular,  or  vascular  growths.  Some  tissues  similar  in 
structure,  and  apparently  identical  in  composition,  are  subject  to  tumour  formations 
in  a  very  unequal  measure.  Thus,  the  long  bones  are  often  attacked  by  sarcoma, 
the  short  bones  seldom,  those  of  the  carpus  scarcely  ever.  And  even  certain  parts 
of  the  long  bones  are  much  more  liable  than  other  parts,  especially  to  growths  of 
central  origin.  Some  tissues,  as  cartilage,  scarcely  ever  put  forth  new  growths  of 
any  kind.  In  the  account  of  each  particular  class  the  locality  it  most  affects  will  be 
described,  though  for  the  most  part  no  explanation  can  be  given  of  the  preferences 
which  are  exhibited. 

1  One  or  two  cases  (if  sarcoma  of  the  tontine  are  on  record,  hut  the  tumours  were  con- 
genital, ami  it  may  well  be  questioned  if  their  structure  bore  the  same  signification  as  a 
similar  structure  in  an  older  patient. 


GROWTH  OF  TUMOURS. 


247 


The  physical  characters  of  tumours  vary  so  much  that  no  general  laws  of  real 
value  can  be  made  respecting  them.  In  bulk,  contour,  consistence,  relation  to  the 
surrounding  tissues,  and  rapidity  of  growth  remarkable  differences  exist ;  but  they 
may  be  as  great  between  tumours  of  the  same  class  as  between  those  of  different 
classes.  The  signs  of  inflammation  are  generally  absent,  but  this  is  not  always  so  ; 
for  some  quickly-growing  tumours,  especially  the  sarcomas,  present  all  the  local 
signs  of  inflammation,  and  give  rise  sometimes  to  a  general  increase  of  the  body -heat. 
Some  tumours,  especially  the  sarcomas  of  bone,  pulsate  ;  but  the  pulsation  is  not 
confined  to  the  tumours  of  bone,  or  even  to  the  tumours  of  one  particular  structure. 
It  is  generally  due  to  the  opening  of  many  vessels  of  moderate  size  into  the  interior 
of  the  tumour.  The  sarcomas  and  carcinomas  grow  usually  more  rapidly  than  the 
tumours  composed  of  tissues  more  highly  organised  and  perfect ;  but  the  speed  of 
growth  of  tumours  depends  not  merely  on  structure,  but  on  situation  and  other 
conditions  associated  with  them. 

The  precise  manner  in  which  a  tumour  grows  appears  to  exercise  a  marked 
control  over  its  influence  on  the  individual.  Many  of  the  more  highly  organised 
(benign)  tumours  enlarge  by  central  or  interstitial  growth.  In  some  of  them,  the 
lipomas  for  example,  the  method  of  this  interstitial  growth  can  easily  be  traced. 
The  protoplasm  which  lies  between  the  fat  cells  throughout  the  tumour  increases  in 
bulk,  and  fat  is  deposited  within  it  in  the  form  of  tiny  drops,  which  gradually 
enlarge,  while  the  rim  of  protoplasm  round  each  drop  becomes  thinner  and  firmer, 
and  thus  forms  a  capsule  for  it.  In  this  manner  new  fat-cells  are  continually 
produced.  The  more  cellular  and  malignant  tumours  grow  by  additions  to  their 
periphery,  thrusting  out  lines  or  groups  of  cells  into  the  surrounding  tissues.  The 
cells  which  they  put  forth  resemble  for  the  most  part  leucocytes,  and  are  often- 
termed  '  indifferent,'  to  imply  that  it  is  not  certain  what  further  course  each  of  them 
will  pursue ;  for  the  leucocytic  is  an  embryonic  form  of  cell  common  to  many  kinds 
of  tissue.  But  the  majority  of  these  are  speedily  transformed  into  the  cells  or  tissue 
significant  of  the  disease.  Even  where  this  difference  of  central  and  peripheral 
growth  is  not  maintained,  the  relation  of  the  benign  and  malignant  tumours  to  the 
parts  around  them  is  widely  different.  The  benign  tumours  merely  thrust  them 
aside,  or  cause  absorption  of  them  by  continuous  pressure.  The  malignant  tumours 
are  inseparable  from  the  surrounding  parts,  which  are  infiltrated  by  their  elements, 
and  are  gradually  incorporated  with  the  growing  mass.  This  is  true  even  of  car- 
cinomas, which  are  seemingly  perfectly  circumscribed  and  complete  within  them- 
selves, and  of  sarcomas  which  are  provided  with  a  capsule  or  limiting  fibrous 
membrane  ;  for  in  both  cases  the  disease  extends  beyond  its  apparent  limit,  so  that 
the  removal  of  a  tolerably  wide  margin  of  the  surrounding  healthy-looking  tissue  is 
necessary  to  ensure  freedom  from  recurrence. 

Tumours  are  liable  to  many  of  the  accidents  and  diseases  which  affect  the  normal 
parts — to  inflammation  and  suppirration ;  to  ulceration,  and  to  sloughing,  which 
may  be  so  extensive  that  the  entire  tumour  may  be  destroyed,  and  spontaneous  cure 
result.  The  tissues  of  almost  every  form  of  tumour  may  become  more  highly  organised, 
and,  of  every  tumour,  may  degenerate  and  decay.  Organisation  is  rare  in  tumours 
of  epithelial  origin,  but  common  in  connective-tissue  growths,  especially  the  sarco- 
mata of  bone,  in  which  cartilage  and  bone  are  formed.  Degeneration,  although 
common  in  every  variety  of  tumour,  may  vary  widely  in  degree  and  kind.  Thus, 
cellular  growths  are  very  prone  to  fatty  and  caseous  changes,  fibrous  and  cartila- 
ginous growths  to  calcification  and  mucous  softening. 

So  complete  may  be  the  metamorphosis  of  the  characters  of  a  tumour  wrought 
by  these  changes  in  its  tissues,  that  it  may  be  almost  or  quite  impossible  to  recognise 
its  primary  and  essential  features,  and  thus  it  is  liable  to  be  classed  as  one  of  a  group 
with  which  it  has  no  sympathies,  save  in  apparent  structure.  On  this  account  a 
serious  objection  has  been  raised  to  the  anatomical  method  of  classification,  on  the 
ground  of  the  difficulty  of  arranging  such  tumours  in  accordance  with  their  struc- 
ture. If  this  difficulty  were  of  universal  or  even  very  frequent  occurrence,  it  might 
indeed  prove  a  very  serious  obstacle.    But  it  has  been  exaggerated,  and  may  in 
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almost  every  case  be  overcome  by  observing  carefully  the  characters  of  those  portions 
of  the  tumour  which  appeal*  to  be  most  recent,  and  by  studying  the  general  dis- 
position and  course  of  the  disease.  "Where  multiple  or  disseminated  growths  exist, 
the  youngest  of  them  should  always  be  examined,  since  the  true  characters  of  the 
disease  can  often  by  this  means  be  clearly  ascertained.  Nothing  in  connection  with 
tumours  has  excited  so  much  interest  and  attention  as  the  qualities  which  are  de- 
scribed under  the  terms  '  innocent '  and  '  malignant.'  The  former  is  intended  to  imply 
that  a  tumour  is  absolutely  innocuous  to  life,  or  that  the  only  injuries  it  can  inflict 
are  those  wliicli  are  determined  by  its  local  influence — its  bulk,  its  weight,  its  situa- 
tion, and  its  diseases.  A  malignant  tumour,  on  the  other  hand,  from  the  moment 
it  is  first  observed,  is  fraught  with  the  gravest  danger  to  the  safety  of  the  individual. 
Small  though  it  be,  and  so  situated  that  it  can  be  removed  or  destroyed  by  a  trivial 
operation,  yet  still  too  often  it  proves  fatal  by  one  or  other  of  the  means  presently  to 
be  discussed.  To  the  patient  and  the  clinical  surgeon  the  practical  importance  of  the 
question  whether  a  tumour  is  innocent  or  malignant  cannot  be  over-estimated.  To 
the  pathologist  it  is  one  of  an  interest  so  deep  that  nothing  can  surpass  it.  He 
studies  the  different  tumours  from  various  points  of  view,  tests  their  composition, 
traces  out  their  microscopic  structure,  and  marks  the  conditions  under  which  they 
form  and  grow.  He  finds  that  in  their  coarser  characters  the  innocent  and  malig- 
nant growths  often  differ  widely  from  each  other.  He  discovers  that  the  more  perfect 
and  highly  organised  tissues,  those  which  most  resemble  normal  structures,  are  those 
from  which  least  danger  need  be  apprehended ;  that  the  less  organised  or  more 
cellular  growths,  especially  the  least  orderly  in  their  composition,  are  those  most 
dangerous  to  life.  He  can  often  trace  the  successive  steps  by  which  the  various 
growths  have  been  developed.  But  this  knowledge  affords  him  not  even  a  clue  to 
that  which  he  aspires  to  know — the  reason  of  the  difference  between  innocent  and 
malignant  growths.  The  differences  he  observes,  so  far  from  rendering  one  tumour 
innocent,  another  malignant,  may  be  merely  some  of  the  results  of  those  causes 
which  regulate  the  innocence*  or  malignity  of  tumours. 

These  qualities  are  of  very  different  degrees.  A  tumour  may  be  innocent,  yet 
kill  by  reason  of  its  situation,  or  by  inducing  exhaustion  from  sloughing  or  ulcera- 
tion. But  it  is  not  the  less  an  innocent  tumour,  inasmuch  as  it  exhibits  neither  of 
the  following  signs  of  malignancy — continuous  infiltration  of  adjacent  structures, 
affection  of  lymphatic  glands,  affection  of  other  parts  of  the  body.  A  malignant 
tumour  may  exhibit  the  first  of  these  signs  alone  or  in  combination  with  either  of 
the  other  two,  or  all  three  signs  together  ;  but  it  is  probable  the  first  sign,  that 
of  continuous  infiltration,  is  never  really  absent,  however  clearly  defined  a  tumour 
may  appear  to  be.  Other  than  these  there  appear  to  be  no  signs  of  malignancy,  for 
recurrence  in  situ  after  an  operation  is  but  an  admission  of  incomplete  removal,  and 
is  apt  to  occur  in  the  cases  of  innocent  as  well  as  of  malignant  tumours.  For 
instance,  the  common  mucous  polyp  of  the  nose  is  exceedingly  prone  to  recur  because 
its  root  or  base  is  not  removed.  The  greater  tendency  which  malignant  tumours 
exhibit  to  recurrence  is  due  to  their  continuous  infiltration  of  neighbouring  structures, 
and  to  the  fact  that  this  infiltration  usually  extends  for  some  distance  beyond  the 
apparent  limit  of  the  tumour.  Allowance  is  always  made  for  this,  so  far  as  possible, 
in  the  removal  of  carcinomas,  which  possess  no  capsule  :  therefore  the  recurrence  in 
situ  of  carcinoma  is  not  very  common  in  those  parts  from  which  it  can  be  freely 
removed.  But  it  is  not  sufficiently  taken  into  account  in  the  treatment  of  sarcoma, 
which  is  frequently  encapsuled,  but  which  nevertheless  extends  beyond  its  capsule, 
probably  even  farther  into  the  surrounding  tissues  than  does  carcinoma.  These 
encapsuled  tumours  are  shelled  or  dissected  out  in  the  same  fashion  as  are  innocent 
tumours,  and  the  out-growing  or  extending  portions  of  the  disease  are  consequently 
left  behind.  Whan  limbs  are  amputated  well  above  malignant  tumours,  there  is  no 
fear  of  recurrence  in  the  stump  ;  but  so  widespread  is  the  infiltration  in  many  cases, 
especially  of  subperiosteal  sarcoma,  that  the  amputation  requires  to  be  very  high  above 
the  disease. 

The  lymphatic  glands  are  affected  by  the  majority  of  carcinomas  and  sarcomas 
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but  the  number  of  glands  affected  in  any  individual  instance,  the  date,  and  even  the 
manner  of  their  affection,  are  liable  to  singular  variation.  Thus,  the  date  varies,  not 
only  in  malignant  disease  of  different  parts,  but  even  in  similar  disease  of  the  same 
part  in  different  subjects.  It  probably  seldom  occurs  within  two  or  three  months  of 
the  outbreak  of  the  primary  disease,  and  may  be  delayed  for  months,  or  even  years. 
The  simplest  manner  of  affection  is  that  in  which  the  germs  or  elements  of  disease  are 
conveyed  through  the  lymjjhatic  vessels  directly  to  the  lymphatic  glands.  Sometimes 
the  particles  appear  to  be  carried  through  the  vessels  by  the  lymph  ;  sometimes  the 
disease  appears  to  spread  by  affecting  the  structures  forming  the  walls  of  the  lymphatic 
vessel.  In  either  case  the  lymphatic  vessels  may  become  filled  or  plugged  in  such  a 
manner  that  they  can  be  dissected  out  as  long  cords  of  varying  thickness  and  consis- 
tence. But  there  are  other  instances  in  which,  although  the  disease  does  not  habitu- 
ally affect  the  lymphatic  glands,  yet  occasionally  it  reaches  them  in  a  manner  not 
easily  explained.  As  the  explanation  requires  a  knowledge  of  the  conditions  upon 
which  affection  of  the  glands  ordinarily  depends,  it  is  desirable  first  to  attempt  to 
formulate  those  conditions.  Owing,  however,  to  the  many  influences  which  prevail 
to  disturb  the  natural  progress  of  disease,  it  is  not  possible  to  frame  more  than  one  or 
two  such  laws  of  glandular  affection.  First,  admitting  that  all  tumours  of  a  certain 
structure  may  affect  the  glands,  yet  glandular  affection  does  not  depend  on  the  struc- 
ture of  a  tumour.  This  statement,  which  sounds  like  a  paradox,  may  thus  be  proved. 
A  round-celled  sarcoma  of  the  tonsil  will  certainly  affect  the  lymphatic  glands,  but 
a  central  round-celled  sarcoma  of  the  tibia  will  not  affect  them.  Secondly,  malignant 
tumours  arising  in  certain  parts  will  inevitably  affect  the  lymphatic  glands,  no 
matter  how  different  the  structure  of  the  tumours.  Thus  all  tumours  of  the  tonsil, 
whether  sarcomas  or  carcinomas,  affect  the  glands,  and  all  tumours  of  the  testicle 
alike  attack  the  glands.  From  this  law  it  might  be  inferred  that  glandular  affection 
is  solely  dependent  on  the  locality  of  a  tumour.  But  it  appears  that,  of  malignant 
tumours  arising  in  certain  localities,  one  form  may  affect  the  glands,  another  form 
may  not  affect  them.  Thus  Dr.  Gross  1  has  pointed  out  that,  although  carcinoma  of 
the  breast  attacks  the  glands,  sarcoma  does  not  do  so.  Nor  does  the  converse  of  this 
law  hold  good,  that  malignant  tumours,  arising  in  certain  parts,  never  affect  the 
glands ;  probably  because,  in  their  gradual  extension,  the  conditions  of  life  of 
malignant  tumours  are  often  gravely  modified.  These  appear  to  be  the  only  general 
propositions  which  we  are  at  present  justified  in  assuming  with  regard  to  glandular 
affection ;  hut  we  may  fairly  hope  that  the  modern  study  of  tumours  will  disclose 
other  facts  from  which  more  general  and  useful  laws  may  speedily  be  framed.  The 
reason  why  a  tumour  arising  in  a  certain  portion  of  the  body  does  not  affect  the 
glands  may  be  explained  by  assuming  that  no  lymphatic  vessels  naturally  exist 
within  that  portion  of  the  body.  But  when  the  tumour,  in  its  gradual  growth, 
reaches  tissues  abundantly  furnished  with  lymphatics,  there  seems  no  reason  why  the 
disease  should  not,  through  these,  obtain  access  to  the  lymphatic  glauds.  Yet  it  does 
not  do  so  ;  unless,  indeed,  under  certain  peculiar  conditions  •  when,  for  example,  its 
local  extension  brings  it  immediately  in  contact  with  the  lymphatic  glands,  and  these 
are  incorporated  with  it,  thence  it  may  spread  along  the  lymphatic  vessels  from  gland 
to  gland.  It  will  of  course  be  understood  that  the  preceding  observations  do  not 
refer  to  the  affection  of  distant  glands,  in  which  disseminated  tumours  occasionally 
occur. 

The  diseased  glands  present  almost  invariably  similar  characters  to  those  of  the 
primary  growth  ;  and,  when  the  disease  is  far  advanced,  so  close  is  the  resemblance, 
that  it  may  be  impossible  to  distinguish  between  sections  of  the  primary  disease  and 
of  the  glands.  The  disease  usually  travels  in  the  direction  of  the  lymph  current,  and 
affects  earlier  those  glands  which  lie  nearest  to  the  primary  disease  than  those  which 
lie  more  distant.  But  occasionally  glands  situated  in  the  contrary  direction  are 
diseased,  an  occurrence  which  may  be  accounted  for,  as  Mr.  Moore  2  has  shown,  by 
the  lymph  current  being  directed,  owing  to  obstruction,  in  a  course  contrary  to  that 

1  Tumours  of  the  Mammary  Gland.    London,  1880,  p.  87. 

2  St.  Bart/wlomeics  Hosj).  Hep.,  vol.  iii.  art  v. 
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it  naturally  pursues.  The  primary  disease  generally  exceeds  in  bulk  and  maturity  the 
affection  of  the  glands.  But,  sometimes  it  happens  that  the  glands  outgrow  the 
primary  disease,  or,  with  a  very  limited  primary  growth,  a  widespread  and  quickly 
growing  glandular  affection  is  associated.  A  case  which  appeared  explicable  only  on 
this  hypothesis  was  exhibited  by  Mr.  Hutchinson  1  at  the  Pathological  Society.  The 
glands  of  the  floor  of  the  mouth  and  below  the  symphysis  of  the  jaw  were  greatly 
enlarged,  and  hard,  and  apparently  surely  cancerous;  and  the  only  primary  affection 
seemed  to  be  an  insignificant  thickening  and  exfoliation  of  the  margin  of  the  lower 
lip,  which  certainly  would  not  have  been  diagnosed  as  cancerous  had  it  not  been  for 
the  affection  of  the  glands. 

The  dissemination  of  malignant  tumours  is  very  various  in  kind,  and  may  occur 
in  several,  if  not  many,  different  ways.  First,  there  is  that  condition  which  consists 
in  the  formation  of  many  tiny  growths  in  close  proximity  to  the  primary  disease,  yet 
apparently  separated  from  it.  An  admirable  illustration  of  this  may  not  uncom- 
monly be  observed  around  an  epithelioma  of  the  oesophagus  where  the  mucous  or 
submucous  tissue  is  the  seat  of  numerous  epithelial  nodules,  which  sometimes  are 
scattered  widely  beyond  the  primary  focus  of  disease.  These  may  probably  be 
accounted  for  by  supposing  that  the  disease  extends  in  the  form  of  fine  cords  beneath 
the  surface,  and  at  intervals  breaks  out  in  more  luxuriant  growth.  Similar  in  appear- 
ance to  this  condition,  but  probably  different  in  kind,  or  in  the  method  by  which  it 
is  accomplished,  is  the  extensive  disease  which  not  uncommonly  attacks  the  serous 
membranes,  especially  the  pleura  and  the  peritomvum.  Almost  the  entire  surface  of 
the  latter  may  be  covered  with  malignant  growths,  so  closed  are  they  massed 
together  and  so  quickly  do  they  grow.  These  growths  appear  to  owe  their  origin  to 
contact  of  the  surface  of  the  membrane,  first  with  the  primary  tumour,  next  with 
the  tumour  or  tumours  developed  from  such  contact.  Or,  fragments  or  cells  of 
a  malignant  tumour  may  be  dislodged  within  the  serous  cavity,  and  becoming 
attached  at  different  points  to  the  surface  of  the  membrane,  may  there  become 
developed  into  separate  tumours,  each  of  which  again  may  be  the  parent  of  many 
similar  growths.  The  absorbent  function  of  the  serous  membranes  probably  increases 
not  a  little  their  liability  to  disease  by  the  continual  passage  of  the  juice,  or  even 
solid  elements,  of  malignant  tumours  through  the  myriads  of  stomata  which  they 
possess. 

The  third  form  of  dissemination  is  that  in  which  one  or  several  organs  or  tissues 
remote  from  the  primary  affection  are  the  seat  of  secondary  growths.  To  most  of 
these  the  disease  appears  to  be  conveyed  through  the  medium  of  the  blood.  By  the 
blood  it  is  carried  to  the  lungs,  the  liver,  and  to  all  those  parts  of  the  body  in  which 
secondary  tumours  are  observed.  The  proofs  of  this  are  so  clear  that  it  has  ceased 
to  be  contested.  Tumour-growths  within  the  vessels;  the  relation  of  the  secondary 
tumours  to  the  vessels ;  and  the  order  of  their  occurrence  can  be  thoroughly  ex- 
plained only  on  this  supposition.  In  some  cases  of  melanosis,  pigment  granules  are 
actually  found  in  the  urine  and  the  blood.  Many  of  the  problems  of  dissemination 
are  readily  solved  in  every  detail,  but  it  is  not  so  with  all  of  them.  Thus  we  know 
not  yet  whether  in  the  majority  of  instances  the  affection  is  conveyed  in  the  form  of 
cells  or  germs  of  cells,  or  in  the  form  of  tumour  juice.  Nor  do  we  know  why,  when 
the  affection  is  evidently  travelling  in  the  blood,  it  attacks  only  certain  parts  of  the 
body,  leaving  other  and  often  similar  parts  unharmed,  or  even  appearing  to  avoid 
them.  The  facts  respecting  dissemination  through  the  medium  of  the  blood  of  which 
we  appear  tolerably  certain  are,  that  both  sarcoma  and  carcinoma  may  be  thus  con- 
veyed ;  that  sarcoma  exhibits  a  preference  for  the  lungs,  carcinoma  for  the  liver; 
that  round-celled  sarcoma  is  the  most  easily  and  abundantly  disseminated  of  all  forms 
of  sarcoma;  that  epithelioma  is  the  least  easily  disseminated  of  the  carcinomas. 
In  most  instances  the  material  which  is  conveyed  by  the  blood  must  first  pass 
through  the  lungs,  and  not  uncommonly  it  is  arrested  there,  and  for  (he  while  further 
dissemination  is  prevented.  But  each  new  growth  in  the  lungs  becomes  a  centre 
from  which  disease  may  in  future  be  conveyed  to  all  parts  of  the  body.  Sometimes 
1  Brit.  Med.  Jaunt.  1«78,  vol.  i.  p.  198. 
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the  material  appears  to  travel  through  the  lungs,  escaping  even  their  tiny  capillaries, 
and  is  arrested  in  some  tissue  more  congenial  to  its  growth.  The  tumours  of  cer- 
tain regions  may,  however,  reach  the  liver  through  the  medium  of  the  portal  circula- 
tion, and  tumours  which  project  into  arteries  may  be  disseminated  in  the  parts 
supplied  by  the  terminal  branches  of  the  affected  vessels.  Secondary  tumours  of  the 
lungs  are  not  always  due  to  the  conveyance  of  material  through  the  blood-vessels. 
A  certain  proportion  of  them,  and  probably  a  large  proportion  of  those  which  are 
secondary  to  malignant  tumours  of  the  tongue,  the  larynx,  and  oesophagus,  are  derived 
from  elements  or  fragments  which  have  been  carried  through  the  air  passages. 

A  condition  which  may  sometimes  be  mistaken  for  dissemination,  but  which 
must  carefully  be  distinguished  from  it,  is  that  of  primary  multiple  growths. 
Several  or  many  bones  may  be  affected  simultaneously  by  sarcomatous  disease  ;  many 
glands  may  be  affected  at,  or  almost  at,  the  same  time  by  round-celled  or  lympho- 
sarcoma. The  simultaneous  occurrence  of  many  growths,  and  the  absence  of  any 
tumour  which  bears  the  appearance  of  an  earlier  date,  are  the  points  to  which  atten- 
tion must  be  paid.  This  multiplicity  of  growths  is  not  confined  to  malignant 
tumours.  Multiple  fatty  tumours,  or  cartilaginous  tumours,  or  bony  tumours,  abso- 
lutely innocent,  are  not  uncommon,  sometimes  occurring  simultaneously,  but  more 
often  following  one  another  after  longer  or  shorter  intervals,  yet  bearing  no  direct 
relation  to  each  other.  Also  innocent  and  malignant  tumours  may  co-exist ;  and 
probably  two  different  kinds  of  malignant  disease  may  attack  the  same  subject. 
These  features  of  disease  obtain  a  special  importance  in  their  relation  to  the  question 
of  recurrence.  Many  of  the  cases  which  are  described  as  cases  of  recurrence  are  in 
truth  cases  of  a  second  and  separate  outbreak  of  disease  The  second  tumour  may 
be  due  to  causes  precisely  similar  to  those  which  produced  the  first.  Or  it  may  even 
have  been  co-existent  with  the  first,  but  on  account  of  its  small  size,  or  of  imperfect 
observation,  may  have  been  overlooked  :  this  undoubtedly  happens  occasionally  in 
the  innocent  tumours  of  the  breast.  Some  forms  of  malignant  disease  exhibit  a 
natural  tendency  to  affect  scar  tissues.  The  scar,  therefore,  left  after  the  removal  of 
such  a  primary  disease  is  peculiarly  obnoxious  to  a  second  outbreak,  and  when  it  is 
attacked  many  years  after  the  operation,  it  is  far  more  logical  to  assume  that  the 
second  appearance  is  a  separate  outbreak  than  merely  a  recurrence,  due  to  incomplete 
removal  of  the  primary  disease. 

After  thus  discussing  the  manifestations  of  malignancy,  it  is  desirable  to  review 
shortly  what  is  known  of  its  nature  and  of  certain  of  the  conditions  by  which  it  is 
affected. 

It  has  been  pointed  out  that  it  is  a  quality  exhibited  by  tumours  of  a  certain 
structure;  so  much  so,  indeed,  that  we  can  in  most  instances  foretell  within  certain 
limits,  from  a  knowledge  of  its  structure,  what  course  a  tumour  will  pursue.  Our 
power  in  this  respect  has  certainly  been  over-rated ;  or  rather  it  has  been  too  gener- 
ally assumed  that  a  knowledge  of  the  structure  of  a  tumour  ought  to  enable  us  in 
every  instance  to  predict  with  certainty  its  future  course.  And  because  this  has  not 
been  possible,  the  study  of  the  anatomy  of  tumours  has  been  regarded  by  many 
surgeons  as  scarcely  worthy  of  attention,  and  certainly  not  likely  to  lead  to  any  use- 
ful clinical  result.  Sufficient  allowance  has  not  been  made  for  the  exceeding  diffi- 
culties by  which  the  subject  is  beset.  For  example,  the  effect  of  surgical  interference 
on  the  life-history  of  a  tumour-disease  is  most  difficult  to  appreciate,  and  yet  in  a 
large  proportion  of  instances  it  must  be  taken  into  account  and  allowance  must  be 
made  for  it.  The  very  large  majority  of  tumours  which  are  examined  microscopic- 
ally have  been  removed  by  operation,  and  very  many  of  those  which  are  not  treated 
surgically  are  not  examined  microscopically.  Thus  the  study  of  the  subject  is 
singularly  unfortunate.  Again,  there  can  be  no  question  that  the  influence  of 
locality  on  the  life-history  of  tumours  has  been  greatly  underrated.  It  has  been  too 
hastily  assumed  that  a  ceitain  structure  imposes  on  a  tumour  a  certain  line  of 
conduct,  and  this  impression  has  led  to  grave  errors  in  the  general  pathology  of 
tumours.  The  tumours  of  each  organ  and  tissue,  with  some  notable  exceptions,  have 
been  very  little  studied.    The  accounts  which  are  written  of  them  in  the  descrip- 
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tions  of  the  diseases  of  individual  organs  are  therefore  for  the  most  part  deduced 
from  general  accounts  of  the  course  of  the  various  kinds  of  tumours.  And  these 
general  accounts  are  drawn  up  either  from  the  author's  personal  experience  (which, 
must  needs  be  limited),  or  from  the  study  of  the  life  history  of  a  more  or  less  con- 
siderable number  of  cases  of  tumours  of  a  certain  structure  taken  from  many  parts 
of  the  body,  but  among  which  those  of  some  organs  and  tissues  may  not  have  been 
included.  Thus  one  error  is  often  productive  of  another,  and  from  this  cause 
probably  Virchow  1  and  Billroth 2  have  committed  the  error  of  attributing  to 
sarcoma  a  very  slight  tendency  to  affect  lymphatic  glands — a  statement  which,  though 
true  of  the  sarcomas  of  certain  parts,  those  of  the  bones  and  breast  for  example,  is 
absolutely  untrue  of  the  sarcomas  of  other  parts  (as  the  testicle  and  tonsil).  The 
influence  of  locality  may  be  illustrated  by  a  comparison  of  epithelioma  of  the  lip  and 
tongue,  of  the.  slow  course  and  late  affection  of  the  glands  in  the  former  with  the 
rapid  progress  and  early  glandular  affection  in  the  latter.  Or,  by  a  study  of  central 
and  subperiosteal  sarcomas  of  bone  of  similar  structure.  It  is  in  a  more  intimate 
acquaintance  with  the  life  history  of  the  tumours  of  individual  organs  and  tissues 
that  advance  in  the  science  of  onkology  is  to  be  looked  for  in  the  immediate  future  ; 
for  thus  only  can  the  hasty  generalisations  of  the  past  be  corrected  and  a  sound  base 
be  laid  for  future  study. 

Of  the  actual  nature  of  malignancy  we  are  at  present  absolutely  ignorant.  It  is 
not  difficult  to  appreciate  the  steps  by  which  a  malignant  tumour  is  developed  from 
an  extension  of  the  morbid  processes  of  irritation  or  chronic  inflammation,  or  at 
least  to  trace  the  steps  which  accompany  its  development.  Nor  is  it  difficult  to 
trace  the  method  of  incorporation  of  the  surrounding  tissues  with  the  growing 
tumour,  or,  in  some  instances,  its  progress  to,  and  gradual  invasion  of,  the  lymphatic 
glands.  It  is  even  possible  sometimes  to  discern  the  minutest  details  in  the  process 
of  dissemination.  But  beyond  this  our  knowledge  ceases.  We  do  not  know  why 
processes,  which  at  first  appear  similar,  should  produce  such  marvellously  different 
results.  We  cannot  distinguish  the  precise  moment  at  which  the  simple  processes 
give  place  to  the  malignant.  We  do  not  perceive  in  the  structure  or  other  characters 
of  a  tumour  any  indication  of  the  cause  which  imposes  upon  it  the  necessity  of 
continual  formation  of  new  cells  or  of  a  tissue  of  a  certain  type.  Dr.  Creighton's3 
view  that  carcinoma  (of  the  mamma)  is  but  the  natural  outcome  of  functional 
irregularity  may  perhaps  afford  an  explanation  of  the  processes  thus  far.  But  it 
affords  no  explanation  of  the  fast  hold  which  these  obtain,  or  of  the  strength  which 
they  appear  to  gain  with  age,  or  of  the  manner  in  which  they  are  engrafted  on 
distant  parts.  On  all  these  questions  we  can  offer  only  speculation,4  nor  is  there 
any  immediate  prospect  of  more  certain  knowledge. 

It  is  not  necessary  here  to  enter  at  length  into  the  question  of  diagnosis,  for  the 
distinguishing  features  of  the  various  tumours  will  be  considered  in  treating  separ- 
ately of  each.  But  the  general  principles  of  diagnosis  may  be  pointed  out.  Reliance 
cannot  be  placed  on  any  one  sign,  but  must  depend  on  the  careful  balancing  of 
several  or  many.  From  what  has  been  already  said,  it  will  be  seen  how  important 
are  considerations  respecting  the  age  and  sex  of  the  patient.  The  seat  of  disease,  the 
duration  and  rapidity  of  growth ;  the  consistence  and  relation  to  surrounding 
structures ;  the  contour ;  the  presence  or  absence  of  the  signs  of  inflammation ; 
multiplicity  of  tumours,  and  the  condition  of  the  neighbouring  lymphatic  glands  are 
all  points  to  which  attention  must  be  directed.  In  a  very  suggestive  article  in  the 
'  Klinischer  Vortriige,'  Liicke  5  has  weighed  the  comparative  value  of  these  different 

1  Krankhqften  Geschwiilste,  bd.  ii. 

2  Chirurgische  Pathologic,  8te  auflage,  1870,  s.  740. 

3  Physiology  and  Pathology  of  the  Breast.    London,  1878.    Chapter  VI. 

4  Next  to  parasitism,  Dr.  Creighton's  theory  of  the  '  spermatic  influence'  of  cancer  cells 
(1'tith.  Trans.,  vol.  xxv.  p.  .'571,  1874)  is  perhaps  the  most  ingenious  of  these  speculations. 
Even  if  this  spermatic  influence  be  admitted,  the  moment  and  manner  hi  which  it  is  acquired 
jet  require  to  he  demonstrated. 
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characters,  and  has  shown  how  certain  tumours  affect  so  almost  exclusively  certain 
regions  of  the  body  that  the  presence  of  a  tumour  there  is  well  nigh  conclusive  of  its 
nature.  Perhaps  no  more  difficult  case  for  diagnosis  can  be  met  with  than  that 
between  a  softening  cancer  and  a  coll  ection  of  fluid  ;  and  here  it  may  be  only  possible 
to  be  certain  by  puncturing  the  swelling  with  a  needle  or  trocar  and  cannula.  A 
similar  difficulty  has  been  so  often  experienced  between  cysts  deep  down  in  the 
breast  and  solid  tumours,  particularly  cancers,  that  it  is  a  rule  in  surgery,  in  every 
case  save  the  most  typical,  to  cut  into  the  tumour  before  proceeding  to  remove  it. 
Between  certain  malignant  tumours  and  chronic  inflammations,  particularly  those 
of  bone,  the  diagnosis  may  be  so  intricate  that  it  can  only  be  arrived  at  by  explora- 
tion, or  by  careful  watching  of  the  course  of  the  disease  and  measurements  at  fre- 
quent intervals  ;  for  constant  increase,  in  spite  of  perfect  rest,  is  here  the  most 
important  symptom. 

By  means  of  the  emporte-piece  a  tiny  fragment  may  be  removed  from  the 
interior  of  a  tumour  without  danger.  This  method  can,  however,  scarcely  be  recom- 
mended, for  the  fragment  thus  obtained  is  too  small  to  permit  sections  to  be  cut  from 
it,  and  the  evidence  gathered  from  its  microscopic  characters  is  of  little  value,  or 
may  even  be  misleading.  But  when  the  question  lies  between  an  epitheliomatous 
and  a  tuberculous  or  syphilitic  ulcer,  a  scraping  from  the  surface  of  the  ulcer  is  often 
sufficient  to  decide  the  diagnosis  ;  for  the  presence  of  fantastically-shaped  epithelial 
cells,  and  cell-nests  or  portions  of  cell-nests  is  distinctive  of  epithelioma. 

As  with  diagnosis  so  with  treatment,  the  subject  is  scarcely  one  which  can  with 
advantage  be  discussed  in  an  introduction.  Yet  it  is  possible,  with  great  advantage, 
to  indicate  the  general  principles  on  which  treatment  must  be  based.  First,  it  may 
be  laid  down  as  a  general  law,  to  which  there  are  scarcely  any  exceptions,  that  a 
tumour,  of  whatever  kind,  will  only  yield  to  local  treatment.  Second,  the  only  local 
treatment  which  promises  to  be  effectual  is  that  which  destroys  or  removes  the 
growth,  or  cuts  off  its  nutrition.  If  these  two  general  propositions  be  admitted,  the 
only  questions  which  can  arise  respecting  any  given  tumour  (apart  from  palliative 
treatment)  are  :  fnst,  whether  it  is  advisable  to  attempt  to  cure  it ;  second,  what 
means  should  be  employed  in  the  attempt. 

The  second  question  cannot  be  considered  here  ;  it  depends  entirely  on  the  indi- 
viduality of  the  disease  and  the  circumstances  relating  to  the  patient.  But  the  con- 
ditions which  may  render  it  advisable  to  attempt  a  cure  rnay  be  set  down  under  the 
following  heads  : — inconvenience;  deformity  ;  disturbance  of  health;  danger  to  life  ; 
threatening  of  either  of  the  preceding.  It  is  possible  to  illustrate  each  one  of  these 
by  some  familiar  example.  Thus,  an  exostosis  in  close  proximity  to  a  joint  is  often 
removed  on  account  of  the  inconvenience  it  occasions  during  walking ;  a  tiny  sub- 
cutaneous tumour  is  taken  out  because  of  the  intense  pain  of  which  it  is  the  seat.  A 
nsevus,  which  produces  no  inconvenience  and  often  no  disturbance  to  the  health,  is 
destroyed  because  of  the  deformity  it  occasions.  A  polypus  of  the  uterus,  even  when 
it  is  so  small  that  it  requires  to  be  diligently  sought  for,  is  obliged  to  be  removed  on 
account  of  the  frequent  and  severe  haemorrhages  with  which  it  is  associated.  A 
papilloma  of  the  larynx  is  removed  or  destroyed  because  it  is  dangerous  to  life. 
And  tumours  of  every  kind  are  commonly  removed,  while  small,  not  on  account  of 
the  inconvenience  or  deformity  or  disturbance  or  danger  they  occasion,  but  because 
it  is  certain  that  they  will  occasion  one  or  the  other,  or  all  of  them  if  they  be  left  un- 
treated. But  an  attempt  to  cure  may  be  forbidden  by  the  age  or  delicate  condition 
of  the  patient,  and  should  not  be  made  unless  the  following  conditions  are  complied 
with  :  that  the  disturbance  occasioned  by  the  disease  is  sufficient  to  justify  the 
danger  of  the  treatment ;  that  the  tumour  is  so  situated  that  its  complete  removal 
or  destruction  can  be  ensured ;  that  the  relief  afforded  by  the  operation  will  be 
enduring,  or  will  endure  so  long  as  to  justify  the  risks  of  operation. 

In  the  treatment  of  malignant  tumours  the  much- vexed  question  of  their  local  or 
constitutional  origin  is  involved.  If  a  malignant  tumour  is  a  local  disease,  then 
treatment  of  it  need  not  differ,  except  in  certain  details,  from  that  adopted  for  an 
innocent  growth.    If,  on  the  other  hand,  it  is  a  constitutional  disease,  then  removal 
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is  but  the  treatment  of  the  local  manifestation  of  the  disease,  and  is  at  best  but 
palliative.  The  point  thus  raised  may  best  be  answered  by  a  reference  to  actual 
facts — such  facts  as  are  obtained  from  the  records  of  operations  which  have  been 
practised  for  malignant  tumours.  Although,  undoubtedly,  the  large  majority  of  per- 
sons thus  treated  die  from  recurrence  or  dissemination  of  disease,  cases  can  be 
gathered  of  the  successful  results  of  operations  for  malignant  disease  of  almost  every 
portion  of  the  body.  It  would  occupy  too  large  a  space  to  record  individual  cases  in 
this  place,  or  even  to  attempt  to  give  the  proportion  of  successes  met  with  in  the 
treatment  of  malignant  tumours  of  different  parts.  These  may  be  found  in  the  sta- 
tistics of  Von  Winiwarter,1  in  the  treatise  on  tumours  of  the  breast  by  Professor 
Gross,2  and  in  papers  and  lectures  by  the  authors.3  The  lesson  derived  from  all 
these  sources  is  the  same,  and  cannot  be  misread  ;  it  is  that  of  early  and  free  opera- 
tion, and  of  repeated  and  very  extensive  operations  for  recurrent  tumours. 

And,  so  far  as  the  evidence  of  facts  can  speak,  these  furnish  the  strongest  proof 
of  the  local  nature  of  malignant  tumours. 

The  following  classification  of  tumours  will  be  adopted  ; — - 

A.  Cysts. 

B.  Solid  tumours. 

1.  Fatty  ;  lipoma. 

2.  Fibrous ;  fibroma. 

3.  Cartilaginous ;  chondroma. 

4.  Osseous ;  osteoma. 

5.  Mucous;  myxoma. 

6.  Lymphatic;  lymphoma. 

7.  Muscular  ;  myoma. 

8.  Nervous ;  neuroma. 

9.  Vascular ;  angoioma  and  lymphangioma, 

round-celled. 


10.  Euibryomic;  sarcoma. 


11.  Endothelioma. 

12.  Warty;  papilloma. 

13.  Glandular;  adenoma. 


14.  Carcinoma. 


spindle-celled. 

mixed-celled. 

myeloid. 


spheroidal-celled         f  hard. 

or  glandular-celled  \  soft, 
squamous-celled  ;  epithelioma 
cylindrical-celled  or  columnar-celled 
colloid. 


The  principles  of  this  classification  have  already  been  described.  Certain  details, 
however,  require  a  few  words  of  explanation.  Sarcoma  is  placed  at  the  end  of  the 
series  of  tumours  formed  after  the  likeness  of  the  various  connective  tissues  ;  carci- 
noma at  the  end  of  those  formed  from  epithelial  structures.  The  varieties  of 
sarcoma  depend  on  differences  in  their  structure.  Those  of  carcinoma  are  arranged 
in  a  similar  manner.  The  spheroidal-celled  includes  the  hard  and  soft  carcinomas ;  the 
squamous-celled,  the  common  flat-celled  epitheliomas ;  the  cylindrical-celled,  the 
carcinomas  which  are  called  at  present  cylindrical  epitheliomas.  It  would  be 
sufficiently  easy  to  classify  and  name  every  tumour  if  it  presented  itself  in  a  typical 
and  uncomplicated  form.  But  this  unfortunately  is  not  the  case.  Some  tumours 
are  composed  of  two  or  more  distinct  tissues,  often  in  tolerably  equal  quantities, 
neither  of  them  perhaps  derived  from  the  other.    A  very  large  number  of  tumours 

1  Beitrage  zur  Statistik  der  Carcinome.    4to,  Stuttgart,  1878. 

2  Loc.  cit. 

3  Paget's  Lectures  on  Tumours.  II.  T.  Butlin, '  Relations  of  Sarcoma  to  Carcinoma,' 
Lancet,  1880,  vol.  ii. 
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deviate  inore  or  less  widely  from  the  typical  form,  sometimes  so  much  so  that  their 
real  nature  is  not  certain.  Others  are  so  transformed  by  various  metamorphoses 
that  only  a  small  portion  of  the  original  tissue  remains  unchanged.  To  meet  these 
conditions  various  modifications  of  the  class  names  have  been  suggested  and  some  of 
them  are  in  common  use.  Thus  the  compound  structure  of  a  tumour  is  expressed 
by  a  compound  term,  the  parts  of  which  apply  to  the  different  structures  of  which 
the  tumour  is  composed.  In  this  manner  the  terms  adeno- fibroma,  fibro-lipoma,  are 
frequently  employed  ;  the  former  to  denote  tumours  (of  the  breast)  which  are  partly 
fibrous  and  partly  glandular  ;  the  latter,  to  denote  fatty  tumours  containing  a  much 
greater  quantity  than  usual  of  fibrous  tissue.  Such  compound  terms  are  not  only 
unobjectionable,  but  they  are  necessary.  Those  tumours  which  deviate  so  widely 
from  the  typical  form  that  their  real  nature  is  not  certain,  cannot  be  fitly  named  and 
must  be  left  unclassified  :  fortunately  they  are  not  many.  Those  which  deviate 
slightly  from  the  type,  and  they  form  a  much  more  numerous  class,  need  no  modifi- 
cation of  their  names.  The  chief  difficulties  are  met  with  in  connection  with  those 
tumours  which  are  almost  completely  transformed  by  various  metamorphoses  of  their 
tissues.  The  minor  changes,  the  fatty  and  the  caseous,  rarely  produce  so  marked  an 
alteration  in  the  characters  of  a  tumour  as  to  necesssitate  even  a  modification  of  its 
name.  But  it  is  thought  desirable  that  those  greater  changes  which  transform 
nearly  the  whole  bulk  of  a  tumour  into  bone  or  cartilage  or  calcareous  matter  should 
be  recognised,  if  not  for  the  purposes  of  classification,  at  least  for  those  of  ordinary 
description.  Hitherto  they  have  been  recognised  in  a  manner  highly  undesirable, 
for  some  tumours  have  been  named  solely  in  accordance  with  these,  their  most 
obvious  qualities  ;  and  others  have  received  names  expressing  uncertainty  of  their 
nature  and  of  the  class  in  which  they  should  be  placed.  Thus  such  terms  as  osteo- 
sarcoma, osteo-chondroma,  osteoid-chondroma,  with  many  others  which  are  equally 
perplexing,  are  in  common  use.  They  are  all  alike  abominations,  not  be  endui'ed  in 
a  systematic  classification.  Most  of  them  are  useless,  some  of  them  are  misleading. 
When  formerly  uncertainty  prevailed  as  to  the  real  nature  of  the  tumour,  and  its 
transformed  portions  were  regarded  as  its  essential  structure,  they  were  perhaps 
admissible.  But  now  they  are  no  longer  necessary.  Whenever  a  tumour  has 
undergone  extensive  metamorphoses  of  its  tissues,  and  it  is  thought  desirable  to 
express  these  changes  in  its  name,  this  may  be  easily  accomplished  by  prefixing,  to 
the  class  name  of  the  tumour,  the  word  ossifying  or  chondrifying  or  calcifying, 
according  to  the  nature  of  the  change.  In  this  manner  the  simplicity  of  classification 
is  maintained  with  thorough  fulfilment  of  the  desired  object.  If  it  be  asked  what 
greater  objection  there  is  to  such  a  term  as  osteo-sarcoma  than  to  fibro-lipoma,  the 
answer  is  :  first,  that  osteo-sarcoma  has  been  employed  in  several  different  senses — ■ 
to  a  sarcoma  of  a  bone,  to  a  sarcoma  of  bone  containing  bone,  to  a  sarcoma  of  the 
soft  parts  containing  bone  ;  second,  that  the  conditions  are  not  parallel,  for  the  bone 
in  an  osteo-sarcoma  is  the  result  of  ossification  of  the  sarcoma  tissue,  while  the  fat 
and  fibrous  tissue  in  a  fibro-lipoma  are  so  far  of  equal  value  that  neither  of  them  can 
be  said  to  be  derived  directly  from  the  other. 

The  simpler  the  method  of  nomenclature  and  the  more  easily  applied,  the  more 
likely  is  it  to  be  generally  understood  and  vised  on  this  account.  Such  terms  as 
those  above  mentioned  are  to  be  deprecated,  and  still  more  the  long  and  complicated 
Latin  terms  to  which  certain  of  the  German  writers  are  so  partial.  I  refer  to  such 
expressions  as  '  myxochondro- sarcoma  kystomatosum  ' 1  and  '  fibroma  papillare  intra- 
canaliculare  mammae,'  and  '  lipoma  simplex  tuberosum.'  2  Virchow's  admirable  book 
unfortunately  abounds  in  similar  instances. 

Phantom  tumours  deserve  some  mention  in  a  systematic  article  on  tumours,  and 
no  place  seems  better  fitted  for  them  than  the  end  of  the  introduction,  before  the 
real  tumours  are  arrived  at.  They  are  generally  due  to  contractions  of  parts  of 
muscles,  the  fibres  of  which  swell  and  become  firm,  and  thus  simulate  a  tumour. 
With  the  subsidence  of  the  contraction  the .  tumour  disappears.    Such  phantoni- 

1  Waldeyer,  Virclwiv's  Archio.  Band  44,  s.  83,  1868. 

2  Virchow,  Krankhaften  Geschivulste,  Band  1. 
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tumours  are  more  common  in  women  than  in  men,  and  are  most  often  observed  in 
the  abdominal  muscles.  They  may  generally  be  recognised  by  their  situation,  by 
slight  differences  in  their  size  and  form,  and  even  in  their  situation  at  different  times. 
But  when  the  imitation  of  a  real  tumour  is  very  exact,  chloroform  may  be  necessary 
for  the  diagnosis. 

Cysts. — A  cyst  may  be  defined  as  a  closed  sac  with  liquid  or  semi-solid  contents. 

The  use  of  the  term  cyst  may  be  still  further  restricted  by  inserting  in  the  defini- 
tion after  the  word  sac  '  lined  with  epithelium  or  endothelium.'  Or,  on  the  other 
hand,  it  may  be  much  more  widely  extended,  for  it  may  be  made  to  include  a  closed 
sac  containing  a  foreign  body,  and  a  collection  of  liquid  lying  in  the  midst  of  solid 
tissues,  but  not  enclosed  in  a  distinct  sac.  It  will  be  employed  here  in  accordance 
with  the  definition. 

Cysts  are  of  such  frequent  occurrence  and  of  so  many  varieties,  that  a  three-fold 
classification  of  them  is  necessary  : — I.  those  formed  by  the  distension  of  previously 
existing  tubes  or  sacs  or  cavities  : — II.  those  of  new  formation — III.  those  of  uncer- 
tain origin. 

I.  The  first  class  includes  a  large  number  of  cysts  formed  in  various  ways  and 
having  very  various  contents.  First,  there  are  cysts  developed  in  connection  with  the 
acini  or  ducts  of  glands  (retention  cysts) ;  of  these  many  familiar  examples  are 
afforded,  as  the  sebaceous,  mucous,  and  milk  cysts.    The  method  of  their  formation 
is  not  the  same  in  every  case,  but  the  most  frequent  method  is  by  the  narrowing  or 
closure  of  a  duct  from  external  pressure,  or  inflammation,  or  calculus  or  other  cause, 
and  the  consequent  gradual  dilatation  of  the  acini  or  duct  by  the  secretion  of  the 
gland.     Several  adjacent  acini  are  often  simultaneously  affected  ;  the  partitions 
between  them  disappear,  and  a  single  cyst  is  formed.  According  to  the  nature  of  the 
gland,  so  usually  are  the  contents  of  the  cyst ;  thus,  the  sebaceous  cysts  contain 
sebaceous  matter  ;  the  mammary  cysts,  milk.   But  the  contents  of  cysts  which  have 
existed  many  months  or  years  are  apt  to  undergo  transformation,  or  the  epithelial 
lining  of  the  cyst  may  secrete  liquid  of  a  different  nature  from  that  first  poured  out, 
and  at  length  a  clear  and  serous-looking  fluid  may  be  obtained.    Tins  is  especially 
likely  to  occur  if  an  opening  has  been  established  in  the  cyst  so  that  its  contents 
drain  away  from  time  to  time.    Blood,  too,  may  be  extravasated  into  the  interior  of 
a  cyst,  and  transform  or  replace  its  natuial  contents,  or  these  may  he  variously 
coloured  by  staining  derived  from  the  colouring  matters  of  the  blood.    All  the  cysts 
formed  in  connection  with  glands  are  provided  with  a  distinct  and  generally  strong 
wall  of  fibrous  tissue,  and  are  lined  with  epithelium,  usually  resembling  that  of  the 
part  from  which  the  cyst  is  formed,  but  seldom  so  perfect  or  so  regularly  disposed, 
and  not  uncommonly  changed  completely  to  some  other  form,  as  from  cylindrical  to 
squamous.    Second,  there  are  cysts  formed  by  the  distension  of  closed  sacs,  such  as 
the  bursa;,  and  the  tunica  vaginalis  (exudation  cysts).    Most  of  these  are  due  to  the 
pouring  out  of  an  increased  quantity  of  the  fluid  which  naturally  occupies  the  sac, 
bnt  the  same  result  may  be  produced  by  interference  with  the  apparatus  by  which 
absorption  is  effected.    The  contents  of  these  cysts  are  generally  synovial  or  serous 
fluid,  or,  as  sometimes  in  the  tunica  vaginalis,  blood.    Occasionally  they  contain, 
especially  those  which  are  formed  by  distension  of  synovial  sheaths,  numerous 
flattened  bodies,  presenting  much  the  shape  and  appearance  of  rice  or  melon  seeds. 
The  cystic  dilatations  of  certain  sheaths  of  tendons  invariably  contain  these  bodies, 
which  appear  to  be  masses  of  fibrine,  sometimes  amorphous,  sometimes  bearing  faint 
traces  of  lowly  organisation,  or  the  product  of  the  growth  and  organisation  of  club- 
shaped  extremities  of  fringes  formed  within  the  sac.    Collections  of  fluid  within 
serous  sacs  are  not  generally  included  among  the  cysts,  but  hydrocele  and  hematocele 
are  usually  made  exceptions  to  this  rule,  probably  on  account  of  their  gradual  forma- 
tion and  persistence.    Certain  ganglia,  those  for  example  on  the  dorsum  of  the  wrist 
and  foot,  are  formed  by  a  modification  of  the  simple  distension  process.    From  a 
synovial  sheath  a  pouch  is  thrust  out,  which  by  and  by  is  cut  off  from  the  sheath 
and  forms  a  separate  cyst.    A  third  group  of  cysts  is  said  to  be  formed  in  connection 
with  blood-vessels,  probably  veins,  by  the  gradual  dilatation  of  the  vessel  wall  or  a 


CYSTS. 


257 


portion  of  the  wall,  and  formation  of  a  pouch.  This  pouch  is  cut  off  by  organisation 
or  inflammation  about  its  constricted  neck,  and  becomes  a  separate  cyst  filled  with 
blood  or  bloody  fluid.  Cysts  of  this  kind  have  been  described  in  the  thigh  along  the 
course  of  the  saphena  vein.  It  is  not  improbable  that  cysts  of  similar  formation 
may  occur  in  connection  with  the  lymphatic  vessels,  but  most  of  the  lymphatic  cysts 
are  rather  cystic  tumours,  lymphangeiomata  resembling  the  vascular  (nsevoid)  tumours, 
and  the  communication  between  them  and  the  lymphatic  vessels  is  generally  main- 
tained. 

II.  The  cysts  of  new  formation  may  arise  in  several  different  ways.  Around  an 
extravasion  of  blood  condensation,  with  or  without  inflammation,  may  take  place, 
and,  by  organisation  of  the  products  of  inflammation,  may  form  a  sac  completely 
enclosing  the  extravasated  blood  (extravasation-cysts).  The  blood  may  remain 
for  a  considerable  period  fluid,  but  more  often  undergoes  changes  which  result  in  the 
production  of  a  clear  serous  fluid  surrounded  by  or  containing  fibrine-masses.  In 
the  same  manner  inflammation  may  bring  about  the  inclusion  of  morbid  material,  or 
even  of  a  foreign  body,  without  a  perfect  sac  of  fibrous  tissue.  Among  the  cysts  of 
new  formation  should  properly  be  included  those  which  owe  their  origin  to  the  pre- 
sence of  parasites,  the  Cysticercus  cellulosse  for  example,  and  the  Echinococciis. 

Perhaps  the  commonest  method  of  new  formation  is  that  due  to  the  expansion 
and  fusion  together  of  the  spaces  of  connective  (areolar)  tissue.  Around  the  fluid 
collected  in  these  spaces  the  connective  tissue  becomes  condensed,  and  often  forms  a 
thick  and  easily  separable  sac.  The  contents  are  generally  clear  fluid  resembling 
serum.  Some  of  the  congenital  cysts  of  the  neck  1  are  thought  to  belong  to  this 
group,  and  the  adventitious  bursa?  probably  are  all  thus  formed.  Even  the  bursa  over 
the  patella  is  said  by  some  authors  to  originate  in  this  manner,  a  theory  based  on  its 
occasional  absence  over  normal  knees,  and  supported  by  the  frequent  occurrence  of 
fibrous  bands  or  partitions  stretching  across  its  cavity  from  the  anterior  to  the  pos- 
terior wall.  These  bands  are  regarded  as  the  remains  of  the  fibrous  trabecular  of 
the  areolar  tissue. 

Cysts  may  also  be  formed  by  the  growing  together  of  papillary  processes  covered 
by  epithelium.  This  method  has  been  described  by  Fox.2  The  bodies  of  a  number 
of  these  processes,  lying  in  close  proximity,  become  separated  by  fluid  secreted  by  the 
epithelial  cells  ;  at  the  same  time  the  lateral  portions  of  the  bodies  become,  as  it  were, 
fused  together,  and  a  similar  fusion  or  growing  together  of  the  extremities  takes 
place,  and  thus  a  cavity  lined  with  epithelium  is  formed.  Cysts  originating  thus  are 
found  in  the  ovaries.  They  occur  too  in  the  mammary  gland ;  but  there  they  are 
almost  always  formed  in  connection  with  the  growth  of  tumours,  rarely,  if  ever,  as 
separate  or  single  cysts.  And,  lastly,  it  is  probable  that  cysts  may  originate  from  a 
colloid  or  other  transformation  of  the  contents  of  individual  cells.  Or  a  group  of 
cells  may  be  developed  into  a  cyst,  by  softening  and  liquefaction  of  the  central  cells, 
organisation  of  those  which  are  peripheral,  and  transformation  of  an  intermediate 
layer  into  a  lining  of  epithelium  or  endothelium. 

III.  The  cysts  of  uncertain  origin  include  some  of  the  congenital  cysts  and  cystic 
tumours.  For  example,  the  dermoid  cysts,  the  contents  of  which  resemble  generally 
those  of  the  sebaceous  sacs,  are  cysts  concerning  the  origin  of  which  many  sugges- 
tions have  been  made.  They  contain  not  merely  sebaceous  material,  but  hairs  and 
skin,  and  even  bone  and  teeth.  Arrest  or  deviation  of  natural  development  is  un- 
doubtedly the  cause  of  the  formation  of  such  cysts,  but  the  exact  manner  in  which  it 
operates  is  not  very  clear.  Some  of  them  are  dtie  to  incomplete  closure  of  the  bran- 
chial fissures  :  they  remain  of  small  size  and  quiescent  in  the  neck  or  even  in  the 
thorax  for  many  years,  and  then,  owing  to  some  cause,  perhaps  not  evident,  gradu- 
ally or  suddenly  enlarge,  and  give  rise  to  serious  inconvenience. 

Cysts  are  so  frequent  in  connection  with  solid  tumours  that  it  may  not  be  amiss 

1  It  has  of  late  years  been  suggested  that  some,  if  not  all,  of  these  congenital  cystic 
tumours  (hygromata)  are  of  lymphatic  origin,  and  really  belong  to,  the  class  cf  lymphangeio- 
mata. 

2  Med.-Chir  Trans,  vol.  xlvii.  p.  223,  1864. 
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to  point  out  in  this  place  the  relations  which  cysts  and  tumours  may  severally  bear 
to  one  another.  But  before  doing  so,  it  is  expedient  that  attention  should  be  drawn 
to  the  various  combinations  of  cysts  with  cysts  (compound  cysts).  Several  or  many 
cysts  may  be  developed,  simultaneously  or  after  short  intervals,  in  one  or  other  of 
the  ways  described  above  ;  and,  lying  in  close  proximity,  may  constitute  a  compound 
cystic  growth.  Or,  cysts  may  be  formed  within  a  previously  existing  cyst,  which, 
until  it  be  opened,  bears  the  appearance  of  a  single  cyst.  These  intracystic  or  secondary 
cysts  may  own  a  very  different  origin  to  the  primary  cyst ;  for  while  the  latter  may 
be  the  result  of  distension  of  a  previously  existing  cavity  or  sac,  the  former  may  be 
developed  from  the  inclusion  of  spaces  between  papillary  growths  from  the  inner 
surface  of  the  wall  of  the  primary  cyst,  or  by  transformation  of  cells  or  groups  of 
cells.  Large  cysts  with  intracystic  cysts  are  not  uncommon  in  the  ovary,  where  the 
primary  cyst  often  attains  to  an  enormous  size.  By  similar  processes  to  those  by 
which  the  secondary  cysts  are  formed,  tertiary  cysts,  or  cysts  within  the  secondary 
cysts,  may  be  developed. 

A  solid  tumour  may  arise  within  a  cyst  by  outgrowth,  or  rather  ingrowth,  of  its 
walls.  Such  growths  are  often  papillary,  and  are  derived  from  the  epithelial  lining 
of  the  cyst.  Or  the  connective  tissue,  at  one  or  more  points  in  the  immediate 
vicinity  of  the  cyst,  may  commence  to  grow  unduly,  and,  experiencing  least 
resistance  in  the  direction  of  the  cyst,  may  intrude  into  its  cavity,  thrusting 
before  it  the  lining  membrane.  The  papillary  growths  may  be  met  with  in  simple 
cysts,  such  for  example  as  the  sebaceous,  and  may  in, time  proceed  to  the  entire  occu- 
pation of  the  sac  with  solid  growth,  to  the  exclusion  of  the  fluid  with  which  it 
previously  was  filled.  The  second  condition  is  much  more  frequently  observed  in 
tumours  partly  cystic,  partly  solid,  those  of  the  mammary  gland  for  instance  (sero- 
cystic  disease),  in  which  the  cysts  are  often  occupied  by  connective-tissue  growths, 
rarely  by  epithelial. 

Cysts  may  develop  within  a  solid  tumour,  and  the  manner  of  their  formation 
may  correspond  with  that  of  almost  any  of  those  which  have  been  described.  Thus 
they  may  be  developed  from  previously  existing  ducts  or  acini,  or  sacs  included 
within  the  tumour,  as  in  the  cystic  growths  of  the  breast ;  or  from  the  growing 
together  of  epithelium-covered  processes,  of  which  again  examples  have  been  seen  in 
tumours  of  the  breast ;  or  from  inflammatory  condensation  around  blood  or  other 
morbid  material ;  or  from  the  expansion  and  fusion  of  the  areolae  of  connective  tissue. 
Cavities  are,  however,  more  often  produced  by  liquefaction  of  some  of  the  solid 
portions  of  a  tumour  than  by  any  of  the  above  methods,  and  although  these  cavities 
for  the  most  part  deserve  the  name  cystoid  rather  than  cystic,  some  of  them  are 
surrounded,  by  so  complete  a  wall  or  sac  that  they  may  fairly  be  included  among  the 
cysts.  Every  kind  and  degree  of  cyst  or  cystoid  cavity  may  be  observed  in  soft 
sarcomatous  tumours,  or,  better  still,  in  large  tumours  partly  chondrified.  The 
cartilage  of  such  tumours  often  softens  down  into  a  clear  viscid  fluid,  which  forms  the 
contents  of  the  cystic  cavity. 

Most  of  the  Separate  cysts  will  be  described  in  other  sections  of  this  work,  those 
devoted  to  the  diseases  of  the  breast,  the  ovaries,  the  bursa?,  tkc.  But  certain  of 
them  may  more  fitly  be  described  under  the  general  heading  of  Cysts. 

The  Sebaceous  cysts  may  occur  in  any  part  of  the  body  in  which  sebaceous 
glands  naturally  exist,  but  they  form  much  more  frequently  in  the  scalp  than  else- 
where. Several  of  them  may  exist  simultaneously.  They  are  much  more  common 
in  adults  than  in  children.  Their  diagnosis  seldom  offers  much  difficulty  :  the 
situation  ;  round  or  oval  shape  ;  consistence ;  the  smooth  skin  covering  them,  often 
white  and  almost  bald  upon  the  scalp,  but  in  other  parts  sometimes  reddened  or 
marked  by  ramifying  vessels,  especially  over  the  larger  cysts;  the  tiny  depression 
existing  in  most  cases  over  the  centre  of  the  tumour;  the  slow  growth,  and  partial 
adherence  to  the  integument,  are  the  characters  by  which  they  may  for  the  most  part 
readily  be  recognised.  Left  to  themselves,  they  may  remain  during  many  years 
quiescent,  or  may  slowly  increase,  although  they  seldom  attain  a  very  large  size.  But 
they  are  very  liable  to  inflame,  and  the  inflammation  may  result  in  suppuration, 
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which  may  happily  cure  the  cyst  j  or  ulceration  may  take  place,  and  an  intractable 
sore  result,  which  may  he  curable  only  by  removal.  The  occasional  occurrence  of 
solid  growths  within  them  has  already  been  referred  to.  The  possible  methods  of 
successful  treatment  are  numerous.  SimjDlest  of  all,  and  not  uncommonly  effectual, 
is  that  by  opening  up  the  occluded  duct.  The  tiny  central  depression,  often  marked 
by  a  dark  point,  is  found,  and  is  distended  by  the  introduction  of  probes  increasing  in 
diameter  until  the  opening  is  sufficiently  wide  to  allow  the  thick  white  contents  of 
the  sac  to  be  easily  expressed.  Provided  this  be  performed  thoroughly,  and  the 
surfaces  of  the  sac  be  rubbed  together,  the  latter  may  shrivel  and  not  refill.  The 
smaller  cysts  may  be  easily  destroyed  by  the  application  of  nitric  acid  or  some  other 
caustic,  and  this  method  should  be  employed  to  the  exclusion  of  other  means  of  cure, 
whenever  the  cyst  is  small  or  the  patient  feeble,  or  one  upon  whom  a  prudent 
surgeon  would  not  willingly  perform  an  operation,  however  insignificant.  Sebaceous 
cysts  of  any  size  may  be  removed  ;  and  since  they  sometimes  adhere  very  closely  to 
the  surrounding  structures,  the  safest  general  rules  to  be  observed  in  their  removal 
are  freely  to  open  the  cyst — by  transfixion,  if  it  be  large— turn  out  its  contents, 
seize  the  floor  of  the  sac  with  a  pair  of  toothed  forceps,  and  thus  to  drag  it  forth. 
The  operation  of  removal  should  never  be  performed  for  cysts  which  are  actually 
inflamed,  however  small  they  be. 

The  Dermoid  cysts  are  almost  always,  if  not  invariably,  congenital.  The  most 
frequent  seat  of  the  simplest  of  them  is  at  the  outer  corner  of  the  eyebrow.  The  cyst 
here  lies  immediately  beneath  the  integument  or  the  deep  fascia,  where  it  is  observed 
dining  infancy  as  a  small  round  or  oval  tumour  no  larger  than  a  pea  or  horse-bean. 
Its  contents  are  almost  invariably  fine  hairs  embedded  in  a  thick  sebaceous-looking 
mass  of  epithelial  cells  and  fatty  matter.  It  may,  and  should  be,  removed  by  the 
method  advised  for  the  removal  of  sebaceous  cysts.  If  the  edges  of  the  wound  be 
brought  together  by  fine  horsehair  sutures,  a  scarcely  perceptible  scar  remains- 
Dermoid  cysts  are  met  with  also  in  the  ovary,  the  testicle,  and  scrotum.  Their  con- 
tents are  much  more  complex  than  those  of  the  dermoid  tumours  of  the  face,  for 
they  often  consist  of  portions  of  skin,  bone,  teeth,  cartilage,  and  other  structures. 
And,  as  has  been  already  mentioned,  cysts  of  a  similar  nature  are  observed  occasion- 
ally deep  down  in  the  neck,  or  even  in  the  thorax,  where  their  occurrence  is  ex- 
plained on  the  supposition  that  they  are  connected  with  imperfect  closure  of  the 
branchial  fissures.  I  have  lately  seen  one  of  these  cysts  situated  deep  down  behind 
the  first  bone  of  the  sternum  in  a  young  man  who  was  brought  to  Sir  James  Paget, 
and  in  whom  it  had  commenced  to  grow  during  adult  life.  It  contained  masses  of 
connective  tissue,  covered  with  skin  and  fine  hairs,  and  beneath  the  skin  were 
numerous  sebaceous  glands.  These  growths  apparently  proceeded  from  the  inner 
surface  of  its  walls.  The  cyst  was  freely  opened  from  the  neck  by  Mr.  Taylor  (of 
Coltishall),  the  solid  growths  removed,  and  the  cavity  allowed  to  fill  by  granu- 
lations. 

The  Sanguineous  cysts  require  special  mention  only  to  point  out  how  very  rare 
are  those  which  appear  to  be  derived  immediately  from  a  blood-vessel,  and  how  they 
generally  may  be  treated  by  puncture  and  injection  with  iodine  or  a  similar  irri- 
tating fluid.  Also  how  the  greater  number  of  what  are  commonly  called  '  blood- 
cysts  '  are,  in  truth,  sarcomatous  tumours,  the  characters  of  which  are  for  a  time 
concealed  by  the  abundant  discharge  of  blood  into  them. 

Fatty  tumours,  Lipomata,  are  the  most  frequent  of  all  innocent  tumours. 
They  afford  good  examples  of  two  modes  of  growth  of  tumours — the  continuous  and 
the  encapsuled  or  discontinuous. 

The  continuous  or  fatty  outgrowths  commonly  appear  as  lumps  of  fat  in  the  sub- 
cutaneous tissue,  ill  defined,  as  if  the  ordinary  fat  of  some  one  part  had  increased 
beyond  all  natural  proportion  to  that  of  the  parts  around.  The  excessive  double 
chin  that  some  persons  have  is  a  growth  of  this  kind.  And  others,  more  evidently 
morbid,  and  ruore  rare,  occur  especially  at  the  nape,  or  behind  the  ears,  or  over  the 
lowest  cervical  vertebrae.    They  do  not  differ  in  structure  from  the  ordinary  fat  of 

s  2 


260 


TUMOURS. 


the  adjacent  parts,  unless  in  being  rather  firmer ;  they  are  generally  troublesome 
only  by  their  ugliness ;  yet  some  patients  complain  of  pain  in  and  about  them.  No 
good  cause  can  be  assigned  for  these  hump-like  outgrowths  of  fat.  A  child  presented 
one  in  the  lower  part  of  the  back  of  the  neck,  whose  father  had  one  in  the  corre- 
sponding place  ;  and  a  woman,  having  seventeen  of  them,  was  aware  of  the  existence 
of  many  similar  fatty  tumours  in  her  father  and  grandfather.  Generally  they  begin 
their  growth  in  persons  about  forty  years  old,  and  slowly  increase,  till,  attaining 
some  uncertain  size,  they  stay  thereat.  They  appear  not  more  liable  to  degeneration 
or  disease  than  is  the  natural  fat  adjacent  to  them. 

There  is  very  rarely  any  difficulty  in  the  diagnosis  of  these  fatty  outgrowths. 
They  are  evidently  only  too  much  subcutaneous  fat  in  a  certain  place.  And  gener- 
ally they  are  hardly  amenable  to  treatment.  Sometimes  they  may  be  cured  by  the 
long-continued  taking  of  liquor  potassse  ;  but  if  this  fail,  excision  would  remove 
them,  and  this  is  rarely  advisable,  for  the  scar  of  the  operation  would  be  as  ill  look- 
ing as  the  growth. 

Fatty  tumours,  properly  so  called,  are  far  more  common  than  these  outgrowths. 
Their  most  frequent  seats  are  the  trunk,  especially  about  its  upper  half,  and  the 
parts  of  the  limbs  nearest  to  it.  The  further  from  the  trunk,  the  more  rarely  they 
appear;  they  are  exceedingly  rare  in  parts  that  do  not  naturally  contain  any 
adipose  tissue ;  but,  with  the  rarity  of  curiosities,  they  may  be  met  with  beneath 
the  tongue,  or  in  the  peritonaeum,  or  perhaps  anywhere.  They  usually  lie  in  the 
subcutaneous  fat,  upraising  the  skin,  and  connected  rather  more  closely  with  it  than 
with  any  other  of  the  tissues  next  to  them. 

Among  fatty  tumours,  some  are  much  firmer  than  others,  and  than  the  normal 
adipose  tissue;  and  the  firmer  are  usually  smooth,  round,  or  oval,  or  very  largely 
lobed.  These  have  generally  tough  investing  capsules,  from  which  partitions,  ex- 
tending inwards,  intersect  them,  and  make  a  kind  of  close  brawny  mesh-work  filled 
with  fat-cells.  The  firmer  fatty  tumours  are,  probably,  more  often  deep-seated  than 
subcutaneous  :  especially  they  aie  apt  to  grow  near  joints  ;  but  they  are  altogether 
much  more  rare  than  those  of  the  softer  kind.  These,  which  are  the  common  fatty 
tumours,  resemble  in  their  minute  structure,  with  scarcely  a  difference,  the  natural 
adipose  tissue.  They  are  generally  of  a  somewhat  round  or  oval  shape,  flattened  if 
they  lie  with  little  prominence  between  the  skin  and  fascia,  pyriform  if  they  are 
pendulous.  Commonly  they  are  deeply  lobed,  and  large  outlying  lobes  sometimes 
extend  from  them,  and  clip  far  into  the  adjacent  fat,  or,  rarely,  through  the  fascia 
into  intermuscular  spaces.  They  are  always  invested  with  a  thin,  dry,  fibro  cellular 
capsule,  isolating,  and  yet  connecting  them  with  the  surrounding  parts,  especially 
the  skin,  and  partitions  extending  from  the  capsule  separate  their  lobes.  Their  prin- 
cipal blood-vessels  ramify  in  the  capsule  before  passing  to  the  lobes,  and  are  most 
frequently  derived  from  one  or  two  trunks  rising  from  vessels  beneath  the  tumour.  The 
laxity  of  the  capsule  often  permits  a  fatty  tumour  to  shift  or  slide  from  the  place  of 
its  first  growth  to  one  lower  down.  Thus,  one  beginning  in  the  groin  may  shift 
down  the  thigh,  or  from  the  perinamm  one  may  pass  into  the  scrotum  ;  facts  of  great 
use  in  diagnosis,  since  such  changes  very  rarely  happen  with  other  tumours.  Fatty 
tumours  come  under  treatment  in  young  -persons,  and  adults  of  all  ages.  They 
are  very  rare  in  children,1  but  not  rarely  begin  to  grow  in  youth,  though,  growing 
slowly,  they  may  be  overlooked  for  many  years ;  they  may  begin  to  grow  at  any 
later  age,  but  very  seldom  appear  first  in  old  age.  They  are  sometimes  assignable  to 
local  causes,  as  a  blow,  or,  more  commonly,  frequent  friction,  as  by  a  strap  or  band 
over  the  skin.  Sometimes,  too,  they  have  so  appeared  after  fever  or  some  general 
illness,  as  to  seem  due  to  a  constitutional  cause.  But,  in  a  majority  of  cases,  no 
good  cause  can  he  assigned  for  them.  From  the  lirst  they  present  a  perfect  adipose 
structure ;  no  changes  of  development  are  known  in  them.  Their  growth  is 
commonly  very  slow,  sometimes  fitful,  very  rarely  rapid;  but,  although  slow  in 
growth,  they  may  grow  long  enough  to  attain  an  enormous  bulk ;   some  have 

1  Fatty  Tumours  in  Infancy  and  Childhood,  by  Henry  T.  Butliu.  St.  Bartholomew's 
IIoxj).  Hep-,  vol.  xiii.  p.  17'J,  1«77. 
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weighed  fifty  pounds.  They  are  usually  insensible,  yet  are  sometimes  referred  to  as 
the  centres  or  causes  of  vague,  radiating  aches  and  pains.  After  injury,  or  some- 
times spontaneously,  they  may  inflame  or  degenerate.  Of  this,  the  most  frequent 
consequences,  and  the  most  important  to  be  remembered  in  diagnosis,  are,  central 
collections  of  serum  or  pus,  or  some  glutinous  fluid  in  a  cyst ;  central  nodular  in- 
duration or  calcification  ;  sloughing  or  ulceration  of  the  superjacent  skin,  and  ex- 
posure of  the  tumour,  a  result  which  is  especially  likely  to  happen  with  such  as  are 
pendulous. 

In  a  great  majority  of  cases  fatty  tumours  occur  singly  ;  yet  instances  are  not 
rare  in  which  large  numbers  of  them  appear  in  rapid  sequence  in  the  subcutaneous 
tissue  of  the  limbs  (especially  the  arms)  and  trunk,  all  slowly  increasing,  till,  after 
attaining  about  an  inch,  or  rarely  more,  in  diameter,  they  usually  cease  to  grow. 
Their  multiplicity  and  general  limitation  as  to  size  are  the  only  characters  distin- 
guishing the  tumours  in  this  singular  form  of  disease.  In  the  times  and  conditions 
of  life  in  which  they  may  first  appear  ;  in  the  absence  of  all  evident  constitutional 
disease  ;  in  their  varieties  as  to  degree  of  firmness  and  amount  of  intersecting  con- 
nective tissue  ;  and  in  every  other  respect,  they  are  exactly  like  the  more  common 
single  fatty  tumours. 

Little  need  be  added  to  the  foregoing  description  to  indicate  the  diagnosis  of  a 
fatty  tumour.  A  firm  deep-seated  one  may  be  not  distinguishable  from  a  fibro- 
cellular  or  fibrous  tumour ;  but  this  is  of  little  importance :  it  is  enough  to  make 
out,  by  the  uniform  firmness,  elasticity  sometimes  hardly  distinguishable  from  fluc- 
tuation, mobility,  smooth,  regular,  or  largelydobed  shape,  by  the  slow  growth,  and 
freedom  from  pain,  that  the  tumour  is  not  a  chronic  abscess,  cyst,  bursa,  or  firm 
medullary  cancer,  but  an  innocent  tumour,  proper,  if  required,  to  be  removed. 

The  diagnosis  of  the  common  subcutaneous  fatty  tumour  is  much  more  easy,  and 
will  seldom  be  missed  if  it  be  observed  ihat,  with  most  of  the  characters  indicated 
above,  a  tumour  feels  soft,  pliant,  '  pillowy,'  easily  movable,  and  that,  by  compress- 
ing its  base  and  borders,  so  as  to  make  the  skin  tense  over  it,  the  skin  presents 
dimples  corresponding  with  the  spaces  between  its  lobes.  Pendulous  fatty  tumours 
can  be  confounded  with  none  but  pendulous  cutaneous  growths ;  and  the  diagnosis 
is  difficult  but  unimportant.  The  consequences  of  inflammatory  and  other  changes 
will  not  make  the  diagnosis  harder  than  usual,  if  the  probability  of  their  occurrence 
be  kept  in  mind.  Multiple  fatty  tumours  have  nothing  like  them,  except  the  neuro- 
mata or  fibrous  tumours  that  sometimes  occur  in  great  numbers  in  subcutaneous 
nerves ;  but  these  are  generally  much  firmer,  more  variable  in  size,  often  painful, 
and  are  associated  with  other  and  deep-seated  tumours. 

Only  one  method  of  treatment—  excision — is  applicable  to  fatty  tumours.  It  is  to 
be  recommended  for  any  that  are  unsightly,  or  inconvenient  by  their  bulk  or  hindrance 
of  movements,  or  increasing  so  quickly  that  delay  of  the  operation  will  materially 
augment  its  extent.  In  the  excision  it  is  usually  sufficient,  and  advisable,  to  cut 
fairly,  with  a  single  median  incision,  into  the  tumour,  and  draw  or  scoop  it  out  by 
splitting  the  capsule  that  loosely  invests  it.  In  the  case  of  the  multiple  fatty 
tumours,  removal  is  very  seldom  to  be  advised,  unless  for  any  one  that  may  grow 
very  far  in  advance  of  the  rest.  With  those  that  are  pendulous,  all  the  covering 
skin  should  be  cut  away,  except  so  much  as  may  be  necessary  for  flaps  to  close  the 
subcutaneous  part  of  the  wound. 

The  prognosis  of  fatty  tumours  is  most  favourable.  They  may  be  removed  with 
as  little  danger  as  attends  any  cutting  operation  whatever  ;  they  almost  never  return 
after  removal ;  and  small  portions  left  in  operations  commonly  fail  to  grow.  In  one 
case,  however,  after  several  removals  of  a  fatty  tumour,  there  was  again  a  recurrence  ; 
and  it  was  found  that,  with  the  fat,  there  was  a  large  quantity  of  young  and  growing 
fibi  'ous  tissue  in  a  stalk  of  the  tumour  which  lay  beneath  the  pectineus  muscle,  and 
which  had  in  each  operation  been  cut  through.1 

Fibrous  tumours,  Fibromata,  are  among  the  most  common  kinds,  including  as 

1  Messrs.  De  Morgan  and  Hulke's  report  on  Mr.  Curling's  case,  Path.  Trans.,  vol.  xviii. 
p.  186. 
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they  do,  those  that  are  solely  fibrous,  and  others  in  which  the  fibrous  is  the  most 
abundant,  but  not  the  only  tissue.  Among  the  various  names  (desmoid,  chondroid, 
tendinous,  fleshy,  and  others)  by  which  they  have  been  described,  '  fibrous '  may  be 
chosen  as  implying  their  general  likeness  to  the  natural  fibrous  (tendinous  or 
ligamentous)  tissue ;  and  where  other  tissues  are  combined  with  it,  their  presence 
may  be  indicated  by  compound  names,  as  fibro-muscular,  <fec. 

The  most  frequent  seats  of  fibrous  tumours  are  the  bones,  especially  of  the  jaws  ; 
the  nerves,  where  it  may  be  impossible  to  distinguish  the  fibrous  neuroma  from  that 
composed  of  nerve-elements  ;  the  subcutaneous  tissue  ;  the  cellular  tissue  near  joints, 
and  many  sheaths  of  tendons  ;  the  breasts ;  the  uterus ;  the  testicles  ;  the  lobules  of 
the  ears ;  the  scrotum ;  the  labium  ;  and  the  deep  inter-muscular  spaces.  In  all 
situations  they  tend  to  the  rounded,  oval,  or  true  spherical  shape,  but  adapt  them- 
selves perfectly  to  the  shapes  or  resistances  of  the  parts  around  them.  Except  in  the 
uterus,  and  when  connected  with  the  jaws,  they  are  rarely  lobed.  They  usually  are 
distinctly  invested  with  a  thin  capsule,  which,  except  in  the  nerves  and  bones,  may 
be  easily  split ;  but  those  that  grow  on  the  exterior  of  bones  are  firmly  connected 
with  them,  less  or  not  more  easily  separable  than  is  periosteum,  and  appealing, 
indeed,  more  like  overgrowths  of  periosteum  than  like  the  distinct  fibrous  tumours 
of  other  parts.  Their  substance  is  usually  very  firm,  resistant,  elastic,  tenacious,  in 
some  specimens  intensely  hard  ;  in  some,  but  probably  through  decay  or  inflamma- 
tion, softer,  brittle,  cedematou«.  But  other  softer  forms  occur,  especially  in  the 
scrotum  and  the  la.bia,  not  only  softer,  but  so  juicy  that  serous  fluid  oozes  from  them 
after  incision  until  sometimes  more  than  half  their  bulk  is  lost  (fibro-cellular 
tumours). 

On  section,  the  fibrous  texture  is,  in  different  specimens,  variously  marked.  In 
some,  curved,  shining,  white  bundles  of  fibrous  aspect  traverse  a  more  homogeneous 
basis-substance  of  greyish,  yellowish,  or  dull- white  colour  ;  in  some,  such  bundles 
affect  a  kind  of  concentric  plan,  like  that  of  an  intervertebral  fibrous  disc ;  in  some, 
bundles  much  less  regular  and  distinct  are,  as  it  were,  closely  fitted  together ;  in  some 
the  whole  section  looks  nearly  uniform,  pale  or  white,  and  very  dense,  sometimes  like 
fat ;  and  the  fibrous  structure,  though  discoverable  with  the  microscope,  is  not 
visible  to  the  naked  eye.  In  agreement  with  their  other  resemblances  to  the 
natural  fibrous  tissues,  these  tumours  are  often  lowly  vascular,  though,  when  in- 
flamed, capable  of  a  greatly  increased  supply  of  blood ;  and  when  ulcerated  apt  to 
bleed  profusely,  owing  to  the  intimate  adherence  of  the  adventitia  of  the  vessels  to 
the  firm  substance  of  the  tumour. 

In  the  history  of  fibrous  tumours,  their  origin  usually  appears  spontaneous ;  that 
is,  it  is  unknown.  They  may  sometimes  be  referable  to  injury,  but  except  in  the 
case  of  those  that  follow  borings  of  the  ear,  which  probably  partake  of  the  nature  of 
cheloid  disease,  there  is  no  general  rule  ;  and  even  when  they  can  be  traced  to 
injury,  there  is  no  knowledge  how  or  why  the  growth  ensued.  Their  increase  is 
usually  slow,  but  some  of  the  fibro-cellular  tumours  rapidly  enlarge,  perhaps  chiefly 
from  serous  infiltration.  And,  as  in  either  case  their  growth  seldom  affects  the 
adjacent  parts  so  much  as  to  interrupt  their  due  and  probably  very  slow  nutrition, 
they  may  increase  to  an  enormous  size.  Some,  in  the  uterus,  have  been  more  than 
seventy  pounds  in  weight.  Generally,  they  grow  uniformly  and  without  pain,  unless 
they  involve  some  sensitive  part;  but  certain  of  them,  especially  of  those  situated 
in  the  subcutaneous  tissue,  are  the  seat  of  intense  pain,  not  usually  constant,  but 
rather  paroxysmal  and  provoked  by  the  slightest  injury.  The  severity  of  the  pain 
is  suggestive  of  the  implication  of  nerve-trunks  in  these  tumours  ;  or  indeed  that 
they  are  partly  or  entirely  composed  of  nervous  structures.  But  neither  the  one  nor 
the  other  of  these  suggestions  has  been  proved  to  be  true  of  the  majority  of  these 
'painful  subcutaneous  tumours.'  Tumours  equally  painful  sometimes  consist  of  fat 
or  fibro-cartilage ;  whatever  be  their  structure,  they  are  found  most  frequently 
in  the  limbs  and  breasts,  and  are  far  more  common  in  women  than  in  men. 

The  growth  of  fibrous  tumours,  if  not  interfered  with,  is  rarely  attended  with 
any  cachexia  or  other  constitutional  disturbance ;  enormous  fibrous  tumours  of  the 
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uterus  are  sometimes  borne  for  years  with  no  Other  damage  than  that  of  the  burden. 
Accidents,  however,  may  disturb  this  usual  innocuity.  If  a  fibrous  tumour  be 
inflamed,  it  may  become  painful;  may  soften,  or  decay,  and  be  excavated;  if  near 
the  surface,  it  may  give  rise  to  ulceration  of  the  integuments  over  it,  may  protrude, 
and  bleed  even  profusely.  Besides  these  active  changes  in  fibrous  tumours,  others 
of  much  slower  progress  may  occur,  of  which  the  chief  are  the  formation  of  cysts  and 
calcification. 

The  cysts  in  a  fibrous  tumour  may  be  numerous,  small,  and  scattered  through 
its  substance ;  this  is  frequent  in  those  of  the  testicle  and  breast,  where  they  are 
formed  in  connection  with  the  glandular  structures.  Or  one  cyst  of  large  size  may 
occupy  all  the  mid-substance  of  the  tumour,  giving  it  the  appearance  of  a  thick- 
walled  serous  cyst,  and  admitting  of  similar  treatment.  Fibrous  tumours  thus 
changed  have  been  found  in  the  uterus,  and  more  rarely  in  the  lower  jaw.  Calcifi- 
cation very  rarely  occurs,  except  in  the  uterine  tumours,  and  its  chief  importance  is 
that  it  indicates  arrested  or  extremely  retarded  growth.  In  all  parts  but  the  nerves 
and  the  uterus,  in  which  there  is  no  limit  to  the  number  that  may  grow  coincidently, 
fibrous  tumours  are  single,  but  the  fibro-cellular  tumours  are  said  sometimes  to  occur 
in  large  numbers  in  the  subcutaneous  tissue. 

The  best  marks  for  the  diagnosis  of  fibrous  tumours  (excluding  those  of  the 
nerves,  testicle  and  uterus,  treated  of  elsewhere)  are  their  regularity  of  shape,  or 
their  being  moulded  to  surrounding  parts ;  their  uniform  consistence ;  their  gene- 
rally slow  growth  and  freedom  from  pain  ;  the  healthiness  of  the  textures  round 
them.  To  these  characters  may  be  added,  for  the  diagnosis  of  the  firmer  fibrous 
tumours  of  the  subcutaneous  tissue,  their  mobility  ;  their  non-adhesion  to  the  cutis, 
unless  they  be  nearly  ulcerating ;  their  protrusion,  and  frequent  bleeding  when 
ulceration  has  taken  place.  In  this  tissue  the  diseases  with  which  a  fibrous  tumour 
is  most  likely  to  be  confounded  are,  a  single  cancerous  tumour,  an  indurated  lymph- 
gland,  a  very  tense  cyst  with  thick  walls,  or  an  unusually  firm  sarcoma.  From  the 
last  of  these  a  diagnosis  before  excision  may  be  impossible.  In  the  deeper  parts,  as 
near  joints  and  by  sheaths  of  tendons,  the  same  general  characters  may  serve  for 
diagnosis  ;  the  most  similar  diseases  being  very  tight  and  hard  bursal  or  ganglionic 
swellings,  firm  medullary  cancers,  cartilaginous  growths  within  or  on  articular  cap- 
sules or  near  the  heads  of  bones. 

On  or  within  bones,  the  diagnosis  of  fibrous  tumours  is  scarcely  to  be  made.  A 
growth  resembling  a  fibrous  tumour,  connected  with  any  other  than  a  jaw-bone,  is 
most  likely  to  be  either  cartilaginous,  or  a  simple,  myeloid,  or  ossifying  sarcoma. 
Those  of  the  jaws  may  grow  either  on  the  surface  or  within  the  bone.  Among 
those  on  the  surface  are  the  most  frequent  examples  of  epulis.  Their  best  diagnostic 
signs  are  their  being  hard ;  having  the  alveoli  for  their  chief  base  of  attachment ; 
shaped  to  the  mouth  and  other  jaw  ;  often  comparatively  narrow-based ;  slow  in 
growth  :  painless;  covered  with  healthy  mucous  membrane,  or,  if  ulcerated,  having 
no  specific  form  of  ulcer ;  not  associated  with  any  serious  disease  of  the  adjacent 
parts,  nor,  even  when  of  long  duration,  with  any  cachexia  or  disease  of  lymph-glands. 
By  these  characters  the  fibrous  tumour  on  either  jaw  may  be  distinguished  from 
sarcomatous  and  epithelial  cancerous  growths,  and  periosteal  swellings — the  only 
diseases  likely  to  be  confounded  with  them.  And,  lastly,  for  the  diagnosis  of 
fibrous  tumours  growing  within  and  expanding  either  jaw-bone,  the  chief  points 
to  be  looked  to,  in  addition  to  those  already  indicated,  are,  their  slow  growth,  the 
healthiness  of  the  covering  tissues,  especially  of  the  gums ;  the  absence  of  signs  of 
infiltration  of  the  disease  into  the  adjacent  bones,  which,  though  they  may  be 
displaced,  are  not  overspread.  These  signs  may  suffice  for  the  diagnosis  from 
malignant  tumours  ;  but  so  long  as  the  growth  is  not  sufficient  for  a  great  expan- 
sion of  the  jaw,  and  for  such  thinning  of  the  walls  as  may  permit  the  detection 
by  tact  of  the  nature  of  the  material  within  them,  it  may  be  scarcely  possible  to 
make  a  diagnosis  between  a  fibrous  tumour  and  a  dentigerous  or  other  cyst,  or 
any  other  non-malignant  growth  in  the  interior  of  the  bone. 
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The  diagnosis  of  a  fibrous  tumour  m  the  lobule  of  an  ear  is  easy  ■  cysts  alone  are 
likely  to  be  confounded  with  it. 

In  the  treatment  of  fibrous  tumours  (not  including  those  of  the  uterus),  excision 
is  the  most  proper  remedy,  and  had  better  be  resorted  to  without  delay ;  or  the 
ecraseur  and  galvano-cautery  may  be  employed,  especially  for  those  growths  which 
are  pedunculated.  The  method  must  vary  according  to  the  seat  of  the  tumour. 
Simple  enucleation  is  rarely  possible  in  those  within  the  nerves,  bones,  or  lobules  of 
the  ears,  though  in  the  first  two  it  may  be  very  often  worth  attempting,  for  the 
obvious  advantages  that  would  attend  success.  In  the  removal  of  those  that  grow 
on  bones,  the  base  from  which  they  spring  must  be  removed  with  them  ;  and  the 
probability  of  their  dipping  into  alveoli  or  other  cavities  must  be  remembered. 

After  the  complete  removal  of  a  fibrous  tumour,  recurrence  is  not  at  all  probable, 
except  in  the  case  of  those  of  the  ear-lobules,  which,  as  already  stated,  seem  to 
partake  of  much  of  the  nature  of  the  cheloid  disease  of  scars.  But  before  promising 
future  immunity,  the  diagnosis  must  often  be  confirmed  by  microscopic  examination, 
and  the  difficulty  is  not  small  of  distinguishing  between  a  fibrous  tumour  and  a 
sarcoma  which  consists  in  large  part  of  fibrous  tissue. 

Cartilaginous  tumours,  or  Chondromata,  as  they  are  almost  as  frequently  called, 
occur  most  commonly  in  connection  with  the  bones ;  but  they  are  not  rare  in  the 
substance  or  neighbourhood  of  the  salivary  glands,  particularly  the  parotid ;  they 
occur  also  in  the  testicle,  and  may  be  found  as  curiosities  in  the  thyroid,  in  subcu- 
taneous tissue,  and  in  other  parts.  Growths  of  cartilage,  pendulous,  or  loose  in 
joints,  have  also  many  characters  in  common  with  cartilaginous  tumours,  but  their 
peculiarities  predominate  enough  to  justify  their  separate  consideration.  The  general 
characters  of  cartilaginous  tumours  are  that  they  are  irregular,  or,  if  of  any  definable 
shape,  rounded  or  oval  masses,  which,  if  not  restrained  by  resisting  surrounding 
structures,  have  very  generally  well-marked  prominent  lobes  or  outstanding  smooth 
nodules.  Usually,  they  feel  everywhere  hard,  resisting,  scarcely  compressible  ;  but 
when  compressed,  they  give  the  sensation  of  very  quick  elastic  recoil.  Rarely  they 
are  soft  and  compressible,  but  still  very  elastic.  On  those  parts  which  are  not 
attached  to  or  enclosed  in  bone,  they  are  invested  with  tough  fibro-cellular  tissue, 
that  serves  them  as  a  perichondrium,  and  this  is  again  connected  with  the  surround- 
ing parts  by  similar  tissue  of  much  less  compactness  and  peculiar  dryness.  The 
parts  around  a  cartilaginous  tumour  are  usually  quite  healthy  ;  no  growth  seems  to 
be  more  readily  tolerated,  or  to  displace  other  structures  with  less  offence  or  injury 
to  them.  Only,  if  there  be  much  friction  between  a  cartilaginous  tumour  and  the 
parts  next  to  it,  a  bursal  sac  is  commonly  formed  between  them.  When  they  grow 
within  bones,  the  compact  osseous  tissue  grows  as  a  shell  around  them,  with  no 
intervening  tissue,  firmly  but  not  inseparably  adherent. 

On  section  (and  the  sensation  of  cutting  them  is  generally  quite  characteristic)  a 
cartilaginous  tumour  may  appear  as  a  single  mass,  imperfectly  partitioned  ;  but  as 
often  it  is  like  a  cluster  of  tumours,  separated  by  their  several  investing  layers  of 
connective  tissue,  though  enclosed  in  a  common  covering.  In  either  case,  the  most 
frequent  appearance  of  the  cartilage  is  like  that  of  ordinary  fetal  cartilage;  bluish 
or  yellowish,  white,  smooth  and  glistening,  close,  uniform,  without  appearance  of 
granular  or  fibrous  texture.  Some  specimens,  however,  without  appearance  of 
disease,  are  soft,  almost  diffluent;  some  are  fibro-cartilaginous  ;  some  look  granular  ; 
some  are  opaque  or  creamy  white  ;  some  are  varied  by  partial  ossification  ,  some  by 
degeneracy  or  disease,  in  ways  that  will  be  presently  described. 

The  origin  of  cartilaginous  tumours  is  sometimes  referable  to  inheritance,  and 
sometimes  is  referable  to  injury,  but  neither  of  these  sources  is  frequent  enough  to 
help  in  diagnosis,  unless  in  the  case  of  the  cartilaginous  tumours  of  bones.  With  the 
exception  of  those  growing  in  the  bones  of  the  hands,  they  are  usually  single  tumours, 
but  sometimes  they  are  numerous  and  distributed  symmetrically.  Those  of  the 
bones  most  commonly  begin  their  growth  in  early  life ;  some,  on  the  hands,  in 
infancy;  others,  more  often,  between  childhood  and  puberty.  Their  beginning  in 
later  life  is,  however,  not  very  rare,  even  on  the  bones,  and  in  other  parts  they  most 
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commonly  begin  in  full  adult  or  middle  age.  Exceptions  to  these  general  rules 
are,  unfortunately,  frequent  enough  to  detract  from  their  value  in  diagnosis ;  but  it 
may  be  generally  held  that  the  younger  the  age  at  which  a  tumour  of  bone  begins, 
the  more  is  it  likely  to  be  cartilaginous,  if  its  general  characters  agree  there- 
with. 

Their  rate  of  growth  is  very  uncertain,  but  most  frequently  they  increase  slowly. 
So  is  the  size  they  may  attain  :  some  have  grown  to  enormous  dimensions,  for 
instance,  two  feet  in  diameter ;  others  have  gradually  and  slowly  increased  to  less 
than  an  inch  ;  but  both  these  extremes  are  rare. 

Coincidently  with  growth,  ossification  of  a  cartilaginous  tumour  may  go  on,  or 
rather,  while  one  part  of  the  tumour  is  growing,  another  may  be  ossifying ;  and  if, 
as  often  happens,  the  ossification  be  more  rapid  than  the  growth,  the  cartilaginous 
tumour  may  become  wholly  osseous.  Such  ossification  is  most  frequent  in  cartila- 
ginous tumours  rising  from  bones,  and  the  most  frequent  condition  in  which  such 
tumours  are  found  is  that  of  having  bases  or  stems  formed  of  cancellous  bone,  and 
covered  with  a  mass  or  crust  of  cartilage.  The  cartilage,  once  on  the  level  of  the 
natural  bone,  has  been  in  fact  lifted  by  its  own  ossification,  and  the  tumour  thus 
produced  increases  simultaneously  in  length  and  in  distance  from  the  primordial 
cartilage,  whence  it  originally  sprang.  A  similar  displacement  is  sometimes 
noticed  when  a  cusp  lies  on  the  side  of  the  neck  of  a  tooth,  instead  of  on  its  crown. 
In  the  cartilaginous  tumours  that  grow  within  bones,  and  in  those  of  the  testicle 
and  other  soft  parts,  the  ossification  is  usually  very  sparing,  only  scattered  little 
pieces  of  soft  bone  are  found  in  them  ;  but  these  are  sometimes  arranged  as  so  many 
nuclei  or  centres  of  ossification,  one  for  each  constituent  lobe  or  nodule  of  the 
mass. 

By  degeneracy,  or  defective  development,  or,  still  more,  by  disease,  the  characters 
of  a  cartilaginous  tumour  may  be  so  altered  as  to  make  its  diagnosis  extremely 
difficult.  The  chief  condition  thus  arising  is  a  softening  or  liquefaction  of  the 
cartilage,  so  that  nodules  of  it  present  central  cavities  filled  with  fluid,  like  honey, 
synovia,  or  serum,  or  with  semi-fluid  jelly-like  substance ;  or  a  large  tumour  may 
be  excavated,  and  its  central  part  may  be  occupied  with  these  soft  or  liquid 
materials,  round  which  its  solid  part  remains  like  a  thick  nodular  cyst.  The  nature 
of  this  change  is  uncertain  :  perhaps,  indeed,  in  some  cases,  that  which  looks  like 
softened  or  liquefied  cartilage  is  a  material  arrested  in  a  rudimental  state,  which 
had  never  been  developed  into  natural  firmness;  but,  generally,  softness  coincides 
with  rapid  increase  of  the  tumour.  With  active  inflammation  the  substance  of  a 
cartilaginous  tumour  may  rapidly  softtn,  as  if  with  decay  and  suppuration.  Thus 
some  are  found  excavated,  with  cavities  full  of  purulent  fluid  and  debris,  and  some, 
forming  adhesions  to  the  skin,  may  ulcerate  and  protrude.  But  even  in  this  state 
they  rarely  bleed  largely. 

Instead  of  softening,  a  cartilaginous  tumour  may  become  even  more  hard  than 
natural  by  the  deposit  of  earthy  salts  within  it ;  but  this  calcification  is  not  so 
frequent  as  ossification.  Besides  forming  the  whole  or  almost  the  whole  of  many 
tumours,  cartilage  frequently  occurs  as  a  part  of  1  mixed  '  tumours,  especially  of  the 
sarcomas.  These  chondrifying  tumours  do  not  differ  in  their  further  course  from  the 
sarcomas  which  contain  no  cartilage. 

Cartilaginous  tumours  which  are  not  encased  in  bone  may  be  almost  always  known 
by  their  extreme  hardness,  their  peculiarly  round  or  nodular  surface,  and  their 
quick  resilience  if  they  can  be  compressed.  Their  hardness  may  be  equalled,  though 
not  resembled,  by  that  of  hard  carcinoma  of  bone,  and  of  a  calcified  structure;  e.g.  a 
lymph-gland  filled  with  calcareous  matter.  But  cartilaginous  tumours  are  so  exceed- 
ingly rare  in  the  breast,  and  single  hard  carcinomas  are  so  equally  rare  in  any  other 
external  organ,  that  doubt  between  these  two  diseases  can  scarcely  ever  arise.  The 
difference  in  kind  of  their  several  hardnesses  will  distinguish  cartilage  and  bone, 
unless  there  be  much  thickness  of  soft  parts  over  them ;  but,  indeed,  in  any  case  in 
which  a  doubt  exists,  it  is  probably  not  important  whether  the  tumour  be  cartilage 
or  bone,  or  a  mixture  of  the  two.    And,  for  the  diagnosis  between  a  cartilaginous 
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tumour  and  an  indurated  or  calcified  gland,  it  may  usually  lie  found  in  that  one 
does,  and  the  other  does  not,  grow. 

Next  to  these  signs  for  diagnosis,  the  most  important  may  be  the  situation  of  the 
tumour.  If  it  be  in  or  upon  the  parotid  gland,  and  possess  the  tangible  characters  of 
a  cartilaginous  tumour,  pure  or  mixed,  in  but  a  moderate  degree,  the  probability  of 
its  being  such  a  tumour  is  very  great.  The  other  diseases  likely  to  imitate  it  are 
simply  enlarged  lymph-glands,  or  cancer  in  the  parotid  or  in  its  lymphatics.  The 
diagnosis  between  the  first  and  a  cartilaginous  tumour  can  scarcely  be  difficult ;  from 
cancer,  one  may  be  most  generally  known  by  its  special  form,  its  freedom  from  adhe- 
sion, its  failing  to  injure  the  portio  dura,  its  singleness,  and  its  slow  growth  (for  in 
this  region  cartilaginous  tumours  do  not  at  all  equal  cancers  in  their  rate  of  increase). 

In  the  treatment  of  cartilaginous  tumours,  removal  is  the  sole  remedy ;  but  its 
method  must  vary  with  the  seat  of  disease.  In  the  parotid  region  enucleation  may 
be  unexpectedly  difficult,  through  the  proximity  of  branches  of  the  facial  nerve,  the 
free  haemorrhage,  and  the  frequent  dipping  in  of  lobes  of  the  tumour  to  deep  regions. 
The  difficulty,  if  foreseen,  is  very  rarely  insuperable;  but  if  any  small  portion  of  the 
tumour  cannot  be  safely  removed,  it  may  be  left  with  a  good  probability  that  it  will 
not  increase. 

For  the  tumours  of  the  testicle  enucleation  is  not  to  be  thought  of ;  but  for 
those  growing  within  bones  it  is  more  often  practicable  than  practised,  and  may  fre- 
quently be  adopted ;  but  on  this  point  also  see  the  essay  on  Diseases  of  Bones. 

The  prognosis  of  cartilaginous  tumours  after  removal  is  always  favourable,  unless, 
indeed,  the  cartilage  be  mixed  with  other  tissues.  But  tumours  thus  composed  must 
be  classed  according  to  the  form  of  the  tissue  with  which  the  cartilage  is  mixed,  for 
the  prognosis  does  not  depend  on  the  quantity  or  kind  of  cartilage  which  is  present 
in  them. 

Osseous  tumours.  Osteomata. — Under  this  name,  those  tumours  are  alone  in- 
cluded which  are  composed  entirely  of  bone,  whether  compact  or  cancellous,  with 
marrow.  When  cartilaginous  or  sarcomatous  tumours  are  in  pi-ocess  of  ossification, 
they  are  usually  grouped  with  those  of  the  same  name  in  which  no  such  process  is 
observable;  when  the  ossification  is  complete  (which,  however,  happens  only  with 
the  cartilaginous),  the  tumour  changes  its  name  to  osseous.  Moreover,  many  growths 
of  bone  have  some  affinity  with  osseous  tumours,  yet  do  not  bear  the  name ;  just  as 
there  are  local  overgrowths  of  fat  which  are  not  named  fatty  tumours.  Generally, 
none  are  called  osseous  tumours  but  such  as  are  either  disconnected  from  bones,  or 
are  connected  with  them  by  well-defined,  and  usually  small,  attachments  which  grow, 
if  at  all,  at  a  less  rate  than  the  outstanding  masses. 

Of  such  osseous  tumours  there  are  two  chief  varieties ;  the  cancellous,  and  the 
compact.  The  former  consists  of  a  structure  like  the  natural  medullary  tissue  of 
bones,  containing  marrow  enclosed  in  cancellated  bone,  and  usually  invested  with  a 
very  thin  wall  or  layer  of  compact  tissue.  The  latter  are  composed  entirely,  or 
nearly  so,  of  hard  solid  bone,  like  that  of  the  shaft  of  a  femur,  for  example.  A  third 
variety  is  sometimes  made  of  the  most  compact  or  '  ivory  '  tumours,  which  consist  of 
bone  laminae  arranged  parallel  with  the  surface  of  the  gi-owth.  The  cancellous 
osseous  tumours  are  probably  always  developed  through  cartilage  ;  the  compact  and 
ivory-like  are  rarely  so  formed.  Usually,  in  both  we  observe  a  close  likeness  between 
the  bone  and  other  structures  composing  them  and  those  of  the  bones  on  which  they 
severally  grow.  Thus,  with  rare  exceptions,  such  as  grow  on  long  bones  have  per- 
fect marrow  in  wide  cancellous  spaces;  those  on  the  skull  are  very  hard,  and,  if  in 
part  cancellous,  they  contain  diploe ;  and  those  which  are  peculiar  to  the  last  pha- 
langes of  the  toes  are  formed  of  hard,  finely  cancellous  bone,  just  like  the  phalanges 
themselves. 

The  general  account  of  the  cancellous  bony  tumours  can  scarcely  be  more  than  a 
supplement  to  that  of  the  cartilaginous  tumours  of  bones;  for  in  many,  if  not  all, 
cases  they  are  but  different  stages  of  the  same  disease.  Therefore,  for  facts  concerning 
the  origin,  most  frequent  seats,  apparent  causes,  &c,  reference  may  be  made  to  p.  265 
and  to  the  essay  on  Diseases  of  the  Bones.  In  regard  to  treatment,  all  that  need  be 
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added  to  what  is  said  at  p.  266  is,  that  when  a  tumour  is  thoroughly  ossified,  it  is 
not  likely  to  grow  fast  or  much  ;  and  that  the  cancellous  osseous  tumours,  although 
continuous  with  the  cancellous  tissue  of  the  bones  with  which  they  are  connected, 
are  always  external  to  them,  so  that  excision,  not  excavation,  must  be  the  method  for 
their  removal.  The  compact  osseous  tumours  are  very  rare  in  connection  with  any 
bones  but  those  of  the  skull.  The  ivory-like  grow  on  the  exterior  of  the  bones  of  the 
vault  of  the  skull,  in  smooth,  spheroidal,  or  lens-shaped  lumps,  attached  commonly 
by  rather  narrow  bases.  The  others,  which  are  usually  of  deeply-lobed  and  nodular 
shapes,  grow  in  the  diploe,  or  the  frontal  or  other  sinuses,  whence,  as  they  enlarge, 
they  project  through  the  gradually  thinned  and  perforated  layers  of  bones  that  at 
first  enclosed  them.  The  former  kind  rarely  increase  to  an  inch  in  diameter;  the 
latter  may  increase  to  many  inches,  and  they  commonly  project  into  the  cavity  of  the 
skull,  as  well  as  externally,  or  into  the  cavities  of  the  orbits  or  any  other  adjacent 
parts. 

The  substance  of  both  these  forms  of  hard  osseous  tumour  is  true  bone,  but  the 
most  compact  apparently  contain  no  blood-vessels.  Closely  related  to  the  compact 
bony  tumours,  and  of  very  rare  occurrence,  are  outgrowths  from  the  teeth,  formed  of 
dentine  or  enamel.  To  these  the  name  of  Odontoma  has  been  applied.  (See  Diseases 
of  the  Teeth.) 

In  the  treatment  of  hard  osseous  tumours,  excision  is  the  only  fit  remedy  for 
those  on  the  vault  of  the  skull.  But  it  should  not  be  undertaken  unless  it  is  certain 
that  the  tumour  is  increasing  or  for  some  equally  good  reason ;  for  the  extreme 
hardness  of  the  bone  makes  the  operation  difficult,  and  not  a  little  dangerous.  The 
tumours  at  the  orbit,  as  a  general  rule,  are  not  to  be  removed  by  excision  or  any 
similar  operation  ;  their  hardness,  deep  connections,  and  frequent  projection  towards 
the  brain,  render  such  proceedings  extremely  hazardous.  Occasional  cures  of  such 
tumours  by  necrosis  and  spontaneous  separation  may  justify,  in  some  instances,  the 
practice  of  exposing  their  most  prominent  pa  rt,  and  destroying  it  with  some  caustic, 
in  the  hope  of  killing  the  Avhole  mass,  so  that  it  may  be  exfoliate. 

There  is  no  probability  of  renewal  of  growth  after  the  removal  of  an  osseous 
tumour  j  and  even  when  the  base  of  attachment  is  left,  it  is  not  likely  to  grow  up 
again.  Jt  is  to  be  noted,  however,  that  certain  sarcomatous  tumours  of  bones  enclose 
a  kind  of  osseous  skeleton,  and  that  a  great  part  of  an  ossifying  sarcoma  may  be 
heavy  and  compact  bone.  When  these,  like  other  sarcomas,  recur,  the  secondary 
tumours,  wherever  seated,  may  contain  bone  ;  but  the  distinction  between  the  sarco- 
matous and  the  simple  osseous  tumour  is  seldom  difficult. 

Jn  a  great  majority  of  cases  osseous  tumours  occur  singly;  but  rare  instances 
are  occasionally  seen  in  which  patients  have  a  large  number  on  many  bones.  These 
are  usually  symmetrical  and  hereditary ;  and  their  growth,  if  not  intra-uterine, 
begins  in  earliest  infancy.    Indeed,  they  partake    Fm  i. — Myxoma  of  Parotid  Gland 
ot  tne  characters  of  monstrosities  by  excess,  as  (  x  2G0). 

much  as  those  of  tumours. 

Mucous  tumours.  Myxomata.— It  is  not  im- 
probable, if  all  the  tumours  included  in  this  class 
could  be  traced  back  to  their  natural  condition, 
the  class  might  cease  to  exist ;  for  most,  if  not 
all,  of  the  mucous  tumours  are  imperfectly 
developed  or  degenerated  examples  of  cartila- 
ginous, sarcomatous,  or  other  growths.  A  typical  V  .  • 
myxoma  presents  to  the  naked  eye  a  gelatinous  Jfer? 
appearance,  and  the  jelly  or  viscid  material  of 
which  it  is  largely  composed    is  generally  so  v  .     \  -'It;' 

loosely  held  together  that,  when  the  tumour  is  -  ~ 

cut  open,  it  gradually  oozes  out.    This  jelly  con-  ^ 
tains  mucin,  and  is  regarded  as  a  result  of  degeneration  of  the  intercellular  matrix 
of  the  tumour.    Hardened,  cut  into  thin  sections,  and  examined  with  the  microscope, 
all  parts  of  the  tumour  are  seen  to  be  traversed  by  a  delicate  network  formed  of 
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spindle  and  stellate  cells,  with  Ions;  tapering  processes  which  freely  anastomose  with 
one  another.  The  physiological  prototype  of  such  tissue  as  this  is  found  only  in 
the  vitreous  humour  of  the  eye  and  in  the  Whartonian  jelly  of  the  umbilical  cord. 

Mucous  tumours  belong  to  the  connective-tissue  series  of  new-growths,  and  may 
occur  in  many  parts  of  the  body.  Their  most  common  seats  are  the  inter-muscular 
spaces,  the  subcutaneous  and  submucous  tissues  (where  they  grow  from  the  adipose 
tissue,  and  are  apt  to  be  confounded  with  the  softer  fibrous  tumours),  the  sheaths  of 
nerves,  and  the  mammary  gland. 

They  are  believed  to  be  generally  benign,  but,  as  they  are  for  the  most  part  only 
modifications  of  one  or  other  of  the  more  commonly  recognised  forms  of  new-growth, 
the  prognosis  must  depend  on  the  nature  of  the  growth  the  characters  of  which  are 
thus  obscured. 

For  their  treatment,  they  should  be  removed  whenever  they  are  so  situated  as  to 
be  within  the  reach  of  operation. 

Lymphatic  glandular  tumours.  Lymphomata. — Although  it  is  easy  to  define 
a  lymphoma  as  a  tumour,  whose  general  characters  and  microscopic  structure  resemble 
those  of  a  lymphatic  gland,  scarcely  any  group  of  tumours  really  presents  so  many 
difficulties  as  this.  For,  on  the  one  hand,  inflammatory  affections  of  lymphatic  glands, 
especially  the  scrofulous  and  tubei-culous,  may  exhibit  precisely  similar  characters  ; 
and,  on  the  other  hand,  certain  sarcomatous  diseases  of  the  glands  may  possess  a 
structure  so  like  that  of  a  normal  or  hypertrophied  gland  that  it  is  often  impossible 
to  be  sure  of  the  nature  of  the  disease. 

The  simplest  form  of  lymphatic  glandular  tumour  is  that  in  which  a  single  lymph 
gland  becomes  enlarged  without  an  evident  exciting  cause;  slowly  and  steadily 
continues  to  increase  in  size  without  signs  of  inflammation ;  neither  becomes  adhe- 
rent to  the  skin  nor  to  the  surrounding  parts  ;  and  retains  the  shape  of  a  lymphatic 
gland  and  almost  its  normal  feel.  When  removed,  it  presents  on  section  a  some- 
what lighter  colour  than  a  healthy  gland,  and  the  cut  surface  is  often  granular  ;  but 
there  are  no  caseous  masses  or  cavities  containing  pus.  In  some  cases  several 
neighbouring  glands  are  affected  in  this  manner,  either  simultaneously  or  after  a 
short  interval,  but  there  is  no  tendency  to  a  more  widely  spread  disease.  Thin 
sections  cut  from  one  or  other  of  these  tumours  display  a  structure  differing  so 
little  from  that  of  a  normal  gland  that  often  the  only  distinction  is  in  an  increased 
thickness  of  the  fibrous  trabecule.  Cases  such  as  these  were  believed,  a  few  years 
since,  to  be  of  not  uncommon  occurrence,  but  modern  researches,  especially  those  of 
Schiippel,1  have  shown  that  many  of  these,  which  looked  like  simple  hypertrophies 
of  lymphatic  glands,  are  really  tuberculous  enlargements  remaining  quiescent  during 
many  years,  or  gradually  enlarging  without  signs  of  inflammation. 

As  simple  in  the  elements  of  which  it  is  composed,  but  far  more  difficult  to  com- 
prehend, is  the  disease  which  has  generally  been  described  as  Hodgkin's  disease.  It 
commences  usually  in  the  glands  of  the  neck,  several  of  which  become  almost 
simultaneously  enlarged.  The  enlargement  proceeds,  as  in  the  last  ease,  usually 
without  marked  signs  of  inflammation  or  of  suppuration, but  much  more  rapidly  and 
to  a  much  greater  degree,  until  a  huge  mass  is  formed,  ami  the  separate  glandular 
tumours  of  which  it  is  composed  can  only  be  with  difficulty,  if  at  all,  dissociated- 
The  disease  does  not  remain  limited  to  the  group  of  glands  in  which  it  first  appeared, 
but  spreads  as  if  from  gland  to  gland,  or  attacks  glands  lying  remote  from  those 
primarily  diseased,  and  seemingly  in  no  way  directly  connected  with  them.  Tims 
the  axillary,  mediastinal,  mesenteric  and  iliac  glands  may  be  affected.  Nor  does  the 
disease  stay  here,  for  the  spleen,  the  liver,  the  lungs  and  other  organs  (and  tissues,  as 
the  skin),  may  be  the  seat  of  secondary  growths,  presenting,  wherever  they  occur, 
the  adenoid  structure  of  lymphatic  gland.  These  are  the  characters  of  the  disease 
termed  by  Billroth  Malignant  Lymphoma,2  but  in  this  country  known  as  Hodgkin's 
disease  or  Lymphadenoma.    The  extensive  affection  of  lymphatic  glands,  and  of  the 

1  Uniermrhiivi/cn  iiber  Lymphdrusen- Tuberculose,  &c.    Tubingen,  1871. 

2  lectures  on  Surgical  Pathology  mid  Therapeutics,  translated  from  the  8th  edition  of  the 
German  for  the  New  Sydenham  Society,  vol.  ii.  p.  431.    London,  1878. 
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spleen,  suggests  a  blood-  or  lymph-disease ;  and  this  suggestion  is  strengthened  by 
the  increase  of  colourless  corpuscles  which  in  some  instances  accompanies  it.  On 
the  other  hand,  all  the  lymphatic  glands  are  not  equally  liable  to  become  diseased, 
and  the  increase  of  colourless  corpuscles  is  by  no  means  constant.  So  that  the 
question  arises  whether  the  disease  is  not  really  sarcoma,  the  structure  of  which  is 
modified  by  the  structure  of  the  lymphatic  glands  in  which  it  takes  its  origin.  And 
this  opinion  is  supported  by  the  fact  that  sarcomatous  tumours  having  a  precisely 
similar  structure  occur  primarily  in  tissues  and  organs  in  which  this  structure  does 
not  naturally  occur,  and  that  the  dissemination  of  this  disease  resembles  that  of  some 
of  the  round-celled  sarcomas.  A.  Winiwarter  1  has  tried  to  make  a  separate  group 
of  the  sarcomas  of  lymphatic  glands,  under  the  name  of  '  Lympho-sarcoma,'  while, 
with  Billroth,  he  calls  the  disease  which  has  been  just  described  'malignant 
lymphoma.'  But  the  examples  he  adduces  do  not  appear  to  support  their  view  ;  for, 
among  the  typical  cases  of  '  malignant  lymphoma  '  in  his  paper,  may  be  found  more 
than  one  of  primary  tumour  of  the  tonsil,  and  one  case  certainly  of  scrofulous  or 
tuberculous  disease,  and  several  cases  in  which  the  nature  of  the  disease  was  not 
clearly  proved,  for  the  glands  were  not  removed,  and  the  patients  were  lost  sight  of. 

Where  so  much  uncertainty  prevails  respecting  the  relations  of  various  diseases, 
as  of  those  between  the  different  affections  of  lymphatic  glands,  it  is  impossible  to  lay 
down  any  certain  rules  for  guidance  in  diagnosis.  Between  the  simple  forms  of 
hypertrophy  and  the  chronic  inflammatory  affections,  or  those  of  doubtful  nature, 
such  as  the  tuberculous,  no  certain  diagnosis  can  be  made,  unless  the  disease  breaks 
down  and  suppurates,  or  the  real  nature  of  the  enlargement  is  made  apparent  by  the 
presence  of  other  associated  conditions  in  the  patient.  Between  the  more  malignant 
forms  of  lymphatic  tumours  of  the  glands  and  the  tuberculous  or  scrofulous,  the 
difficulty  of  diagnosis  at  first  may  be  as  great.  Persons  with  strumous  glands  are, 
however,  usually  delicate  or  sickly;  those  with  lymphadenoma  are  more  often  strong 
and  healthy-looking.  As  the  disease  advances  and  numerous  and  far  distant  glands 
become  affected,  the  diagnosis  can  generally  easily  be  established. 

Pi'ognosis  is  quite  as  difficult  as  diagnosis;  for,  while  lymphadenoma  or  sarcoma 
of  the  glands  is  probably  invariably  fatal,  in  most  cases  within  a  year  or  two,  in 
some  instances  in  the  course  of  a  few  months,  there  can  be  no  doubt  that  large 
masses  of  glands  in  many  parts  of  the  body,  bearing  all  the  characters  of  lymph- 
adenoma or  sarcoma,  do  occasionally  subside,  apparently  with  complete  recovery  of 
health. 

And  this  leads  us  to  be  more  hopeful  in  treating  these  diseases  than  otherwise  we 
should  be ;  not  because  we  believe  that  all  of  them  are  curable,  but  because  we 
cannot  yet  distinguish  which  of  them  are  curable  and  which  are  not.  In  the  very 
chronic  forms  of  glandular  enlargement  there  can  be  no  objection  to  removal  of  the 
disease  by  operation  ;  and,  even  if  a  tuberculous  gland  be  removed  under  the  impres- 
sion it  is  a  simple  tumour-disease,  usually  no  mischief  will  ensue.  The  injection  of 
some  of  these  simple  enlargements  has  seemed  to  be  beneficial.  Tincture  of  iodine 
is  generally  employed  for  this  purpose,  in  quantities  varying  from  10  min.  to  30  min., 
and  the  injection  is  repeated  at  intervals  of  about  a  week.  In  the  more  rapidly 
growing  and  extensive  affections  the  operation  of  removal  is  now  seldom  practised, 
for  it  has  not  been  attended  with  success,  recurrence  taking  place  in  almost  every 
case  with  great  rapidity.  Reliance  is  chiefly  placed  on  internal  remedies  and  injec- 
tions. Of  the  former,  that  which  has  the  best  repute  is  liquor  arsenicalis,  adminis- 
tered in  increasing  doses,  until  30  min.  or  even  40  min.  a  day  is  reached,  and 
symptoms  of  poisoning  are  produced.  The  same  preparation  is  used  for  injection,  a 
minim  every  two  or  three  days,  injected  always  into  a  different  portion  of  the  tumour 
and  always  with  great  caution.  For,  if  the  glands  are  very  hot  or  painful,  or  the 
skin  is  red,  the  injection  should  be  discontinued.  There  can  be  no  question  that 
under  the  internal  administration  of  arsenic,  with  or  without  injections,  large  and 
extensive  glandular  affections  occasionally  entirely  disappear. 

1  '  Ueber  das  maligne  Lyuipkoni  uud  Lymphosarkom,'  Lan/jenbeck's  Archiv,  Bd.  xviii.  S.  98, 
1875. 
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Muscular  tumours.  Myomata. — Tumours  composed  wholly,  or  even  in  their 
greater  part,  of  striped  muscle-fibres  do  not  appear  to  exist. 

But  those  composed  of  smooth  muscle-fibres  are  not  very  uncommon.  They  com- 
prise the  greater  number,  if  not  all,  of  the  chronic  enlargements  of  the  prostate,  and 
most  of  the  separate  tumours  of  the  prostate.  Many  of  the  '  fibrous  '  tumours  of  the 
uterus,  those  within  the  wall  as  well  as  those  which  are  polypoid,  are  myomata. 
And  tumours  of  the  same  structure  occur,  though  rarely,  in  the  bladder,  the  oesopha- 
gus and  stomach.    They  appear  generally  as  perfectly  circumscribed  and  encapsuled 

tumours,  unless  they  consist  in  an  hy- 
Fig.  2.-Myoma  of  Uterus  (  *  200).         ^trophy  of  an  entire  organ,  or  are 

polypoid.  Their  growth  is  slow,  and 
they  do  not  often  attain  a  very  large 
size.  They  are  quite  innocent.  They 
feel  and  look  so  much  like  fibrous 
tumours,  even  when  they  are  cut  open, 
that  it  is  often  impossible  to  distinguish 
whether  a  tumour  is  muscular  or 
fibrous.  But  the  muscular  tumours, 
examined  with  the  microscope,  are 
found  to  be  composed  of  flat  fibre-cells,  often  very  small,  bound  together  in  bundles 
by  a  small  quantity  of  connective  tissue  and  blood-vessels.  In  the  prostate,  gland 
structures  ate  usually  mingled  with  the  muscle.  Muscle  tumours  may  be  removed 
without  fear  of  recurrence  wherever  they  are  accessible,  but  many  of  them  are  so 
placed  that  they  are  not  within  the  reach  of  operation. 

Nerve  tumours.  Neuromata. — Tumours  composed  of  nerves  are  so  rare  that 
a  general  description  of  their  characters  cannot  be  given.  Nearly  all  the  tumours 
generally  described  as  neuromata  are  fibrous  tumours  of  nerves.  And,  although  it 
might  be  imagined  that  the  '  painful  subcutaneous  tumours'  are  largely  composed  of 
nervous  structures,  no  proof  exists  that  this  is  ever  so,  while  most  of  them  have  been 
shown  to  be  made  of  other  wholly  different  tissues.  Almost  the  only  undisputed 
neuromata  are  the  bulbous  tumours  which  form  about  the  divided  ends  of  nerves 
after  injury  or  amputation.  These  consist  of  twisted  and  curled  non-medullated 
fibres.  They  are  always  of  small  size.  The  larger  of  them  are  often  very  painful 
and  always  exquisitely  tender,  so  much  so  as  sometimes  to  render  removal  or  a 
second  amputation  needful. 

Vascular  or  erectile  tumours,  Angeiomata,  are  such  as  have,  for  their 
chief  and  characteristic  structure,  minute  blood-vessels,  tortuous,  saccular,  or  dilated, 
variously  communicating,  and,  as  it  were,  matted  together  in  a  mass  which  is  embedded 
in  the  subcutaneous  or  some  other  tissue.  Their  most  common  seat  is  in  or  beneath 
the  skin,  where  they  are  the  so-called  vascular  nam  ;  but  they  may  be  found,  though 
rarely  in  muscles  or  intermuscular  spaces,  in  the  liver,  in  bones,  or  (it  may  be)  in 
any  other  vascular  structure.  They  may  form  definite  masses  or  tumours,  or  may  be 
widespread,  diffuse,  and  superficial,  as  the  common  cutaneous  nsevi  (port-wine  marks, 
and  the  like),  which  scarcely  deserve  consideration  here. 

The  vascular  tumours  are  commonly  divided  into  capillary,  arterial,  and  venous. 
In  the  first,  nearly  the  whole  structure  consists  of  huge,  dilated,  and  convoluted 
capillaries,  with  which  arteries  and  veins  of  not  more  than  proportionate  size  are 
connected.  In  the  second,  the  basis  and  chief  mass  of  the  structure  are  the  same  ; 
but  there  is  a  very  great  excess  of  large  tortuous  arteries,  proceeding  to  the  mass, 
and  even  passing  through  it.  The  third  has  been  found  to  be  connected  only  with 
veins,  the  afferent  as  well  as  the  efferent  vessels  being  venous. 

The  most  frequent  seats  of  the  capillary  vascular  tumours  are  in  the  subcutaneous 
tissue  of  the  scalp,  face,  and  trunk.  Some  of  them,  seated  entirely  beneath  the 
cutis,  are  covered  with  healthy  skin  ;  but  in  many  more  instances  the  cutis  over  the 
middle  of  the  mass  has  the  same  disease  of  its  vessels,  and  is  crimson,  very  thin, 
and  often  granulated.  The  usual  shape  of  such  tumours  is  round  or  oval,  more 
or  less  flattened  (especially  on  the  scalp) ;  they  are  well  circumscribed  by  connective 
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tissue,  which  would  probably  form  a  perfect  capsule  but  for  the  number  of  blood-vessels 
that  pass  through  it  to  and  from  the  contained  vascular  mass.  The  principal  arte- 
ries usually  enter  the  mass  immediately  beneath  the  skin ;  the  veins  leave  it  at  all 
parts.  On  section  after  death  or  excision,  the  shrunken  tumour,  which  during  life 
was  turgid  with  blood,  has  usually  a  brownish  colour,  and  is  lobed,  soft,  and  tough. 
Its  lobes  are  separated  by  connective  tissue  and,  it  may  be,  fat,  belonging  to  the 
natural  structure  beneath  the  skin  and  superficial  fascia. 

The  minute  vessels  of  such  a  growth  may  be  best  seen  in  microscopic  sections 
made  after  hardening  with  chromic  acid.  They  present  the  most  varied  and  com- 
plex convolutions  and  anastomoses ;  many  of  them  are  irregularly  sacculated  and 
varicose ;  and  many  that  are  much  larger  than  ordinary  capillaries  have  only  the 
same  simple  structure  as  the  smallest. 

The  venous  vascular  tumours  are  found  in  the  same  seats  as  the  capillary  :  but 
they  are  more  often  deeply  seated.  A  more  formidable  variety  of  these  venous 
tumours  constitutes  what  are  called  the  '  cavernous '  angeiomata.  These  form 
usually  larger  growths  than  the  common  venous  tumours  ;  and  on  section  present  a 
fine  network  or  spongy  structure  resembling  that  of  the  corpus  cavernosum  penis, 
but  sometimes  containing  far  larger  spaces  or  caverns.  The  meshes  are  tough  and 
white  or  blood-stained ;  the  spaces  often  contain  small  blood-clots  or  even  phlebo- 
lithes.  Their  collapse,  after  removal  or  section,  is  even  more  complete  than  that  of 
the  capillary  tumours;  so  much  so,  indeed,  that  if  in  operations  they  chance  to  be 
cut  into,  they  close  in,  empty  themselves  with  a  gush  of  venous  blood,  and  almost 
disappear. 

The  arterial  kind  of  vascular  tumour  (the  so-called  aneurism  by  anastomosis) 
will  be  considered  in  the  essay  on  Aneurism. 

To  this  general  account  of  the  structure  of  the  vascular  tumours,  it  must  be 
added,  that  specimens  are  not  rare  which  appear  very  different  through  degeneracy 
or  other  changes  of  the  original  structures.  Serous  and  sanguineous  cysts  are 
rather  frequent  complications.  Parts  of  the  vascular  structure  may  be  consolidated 
either  with  blood- clots, _or  with  phlebolithes,  or  with  closure  of  the  vessels  and  a 
kind  of  scarring  process.  A  good  example  of  this  is  often  seen  at  the  centre  of  the 
cutaneous  part  of  a  capillary  vascular  tumour,  which  appears  as  a  white,  smooth, 
and  scar-like  patch,  surrounded  by  a  vascular  ring.  Similar  scar-like  portions  are 
sometimes  seen  in  the  very  substance  of  a  tumour ;  and,  occasionally,  one  finds 
nearly  the  whole  mass  of  a  tumour,  which  one  may  know  by  its  history  and 
some  remaining  characters  to  have  been  vascular,  changed  into  a  soft  but  tough 
and  dry  yellow-ochre  or  brown  substance,  like  that  of  a  suprarenal  capsule.  More- 
over, though  by  far  the  greater  part  of  these  vascular  tumours  have  their  seat  in  cir- 
cumscribed portions  of  normal  structures,  yeb  the  enormous  growth  of  blood-vessels 
in  which  they  essentially  consist  may  take  place  in  those  of  a  tumour,  and  convert 
part,  or  the  whole  of  it,  into  a  pulsating  or  erectile  mass.  By  disease  or  injury,  or 
during  fever,  they  may  perish  or  be  acutely  inflamed.  A  good  result  of  such  an 
accident  is,  that  they  may  be  consolidated  ;  an  evil  one,  that  ulceration  may  ensue, 
exposing  parts  of  their  substance,  and  forming  irritable  and  often  bleeding  sores, 
that  rarely  heal  soundly. 

The  greater  part  of  vascular  tumours  involving  the  skin  appear  at  birth  or  in 
early  infancy ;  and  probably  those  that  are  deep-seated  have  an  equally  early  origin, 
though  they  are  longer  overlooked.  But  such  tumours  may  first  appear  in  later 
life.  Their  rate  of  growth  is  very  uncertain,  and  often,  as  it  were,  capricious ;  some- 
times proceeding  very  rapidly,  sometimes  even  in  the  same  tumour  scarcely  notable. 
Very  commonly  their  increase  is  only  proportionate  to  that  of  the  rest  of  the  body  ; 
and  when  full  growth  is  attained,  they  also  cease  to  grow.  Not  rarely  they  are 
stationary,  or  shrink,  even  while  the  rest  of  the  body  is  growing  ;  and  this  is  especially 
likely  to  happen  with  those  that  are  white  and  scar-like  where  the  skin  is  involved. 
Those  which  shrink  may  be  sometimes  trusted  to  disappear;  but  growth  may  ensue, 
or  troublesome  changes,  in  a  tumour  that  has  been  even,  for  many  years  stationary 
and  quiet. 
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The  diagnosis  of  a  vascular  tumour  can  scarcely  be  doubtful  when  the  skin  is  in- 
volved; but  in  those  that  are  deeper  theie  may  be  difficulty.  The  arterial,  having 
pulsation,  may  generally  be  known  by  it ;  but  for  the  capillary  and  venous,  the  chief 
signs  to  be  looked  to  are,  their  circumscribed  shape,  softness, '  puffy  '  feeling,  compres- 
sibility almost  to  emptiness,  slow  swelling  up  when  the  pressure  is  removed,  increas- 
ing size  and  tension  during  strong  expirations,  or  when  their  venous  trunks  are 
compressed,  or  in  depending  postures,  and  their  bluish  tint  seen  through  the  skin. 
In  this  last  character  the  naevus  and  congenital  cyst  are  sometimes  alike,  while  that 
of  variation  of  size  is  common  to  naevi  at  the  root  of  the  nose  and  to  meningeal  pro- 
trusions through  the  fronto-ethmoidal  sutures.  A  mistake  between  the  two  diseases 
has  proved  fatal. 

There  are  few,  if  any,  tumours  for  which  so  various  treatments  are  applicable  as 
for  these. 

Excision  is  often  supposed  to  be  dangerous  on  account  of  haemorrhage;  and  it 
might  be  so  in  the  case  of  a  very  large  arterial  vascular  tumour,  or  cavernous  venous 
tumour.  But  there  is  no  such  danger  in  the  capillary  and  ordinary  venous  forms  : 
and  if  they  be  not  cut  into,  and  the  knife  be  kept  close  to  the  investing  capsule,  they 
may  be  excised  as  safely,  and  almost  as  easily,  as  any  other  tumours  of  the  same 
dimensions.  The  advantages  of  the  plan  are,  that  it  is  simple,  and  complete,  so  as 
to  need  no  repetition ;  the  objections  to  it  are,  that  if  much  skin  have  to  be  removed, 
it  leaves  unsightly  scars,  and  that  the  possible  consequences  of  cutting  operations 
should  often  be  avoided  if  the  same  end  can  be  attained  by  safer  means. 

Some  of  these  objections  are  avoided  by  the  ecraseur,  and  in  certain  of  these 
tumours  it  may  be  very  appropriately  used. 

Ligature  has  the  advantage  of  safety  from  haemorrhage,  and  is  appropriate  to  all 
naevi  which  are  of  a  convenient  shape,  and  are  not  too  large  to  be  treated  all  at  once. 
The  larger  may  be  tied  in  two  or  four  parts  ;  and  in  situations  where  the  removal  of 
skin  is  objectionable,  the  ligature  may  be  applied  subcutaneously.  It  is,  however, 
painful,  and  may  be  followed  by  tedious  sloughing  and  suppuration,  with  other  lia- 
bilities of  open  wounds. 

Cauterisation  is  a  good  means  for  many  of  the  arterial  tumours,  especially  when 
they  are  ulcerated,  and  for  superficial  naevi  of  irregular  shapes.  The  actual  cautery, 
or,  of  the  potential,  those  that  make  the  driest  sloughs,  such  as  the  chloride  of  zinc, 
or  the  Vienna  paste  with  much  lime,  should  be  used.  These  caustics  may  also  be 
safely  employed  for  the  capillary  and  venous  tumours  ;  for  those  that  are  small  and 
not  deep,  on  the  gums,  for  instance,  or  vulva,  the  nitric  acid,  or  acid  nitrate  of  mer- 
cury, or  the  needle  cautery,  is  more  convenient ;  while  for  those  that  are  large  and 
deep-set,  it  is  better  to  break  up  and  penetrate  their  very  substance  with  probes 
armed  with  nitrate  of  silver.  Ethylate  of  sodium  may  be  employed  successfully  in 
many  cases,  even  for  superficial  najvi  of  large  size. 

The  majority  of  cases,  especially  of  the  larger  naevi,  may,  however,  be  better 
treated  by  producing  consolidation  of  them,  either  by  passing  through  them  threads 
soaked  in  perchloride  of  iron,  or  perhaps  still  better  by  the  use  of  the  continuous 
current,  applied  through  insulated  needles  from  a  Grove's  or  Stohrer's  battery  of  the 
strength  of  eight  or  ten  cells.  The  injection  of  perchloride  of  iron  cannot  be  recom- 
mended, unless  the  circulation  beyond  the  tumour  can  be  controlled  during  the 
operation,  on  account  of  the  fatal  results  which  have  occasionally  ensued,  apparently 
from  rapid  and  widely  extended  clotting  of  the  venous  blood. 

When  a  vascular  tumour  has  been  thoroughly  removed  or  consolidated  by  any  of 
the  means  above  described,  there  is  little  or  no  probability  of  recurrence.  If  small 
portions  have  been  left,  they  may  increase,  but,  probably,  as  frequently,  they  shrivel 
and  slowly  disappear  ;  and  generally,  it  may  be  remarked,  that  long  after  any  of  the 
methods  of  consolidation  have  been  discontinued,  curative  changes  go  on,  so  that  a 
vascular  tumour  which  may  have  appeared  imperfectly  cured,  may,  in  a  few  months, 
be  completely  obliterated. 

Lymphatic  vascular  tumours.  Lymi  haxceiomata. — Besides  the  tumours  com- 
posed of  blood-vessels,  there  are  seen,  although  but  rarely,  tumours  composed  of  lymph 
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vessels,  or,  more  properly  speaking,  having  a  cavernous  structure,  resembling  that  of 
the  cavernous  vascular  tumours,  but  communicating  with  lymphatic  vessels.  The 
spaces  are  filled  with  lymph  in  place  of  blood.  These  tumours  have  been  described 
in  the  subcutaneous  tissue  of  the  face  and  of  the  buttock ;  and  one  form  of  macro- 
glossia  is  said  to  be  of  such  a  kind.  Their  interest  lies  chiefly  in  their  rarity  and  in 
the  question  of  their  genesis. 

Sarcoma. — Since  sarcoma  does  not  express  the  character  of  the  tissue  of  which 
these  tumours  are  composed,  a  definition  of  the  term  is  necessary.  It  may  be  given 
thus — a  tumour  of  connective- tissue  origin,  formed  generally  of  embryonic  tissue,  and 
without  alveolar  structure.  The  cells  of  which  sarcomas  are  composed  are  for  the 
most  part  round,  or  spindle,  or  giant  cells,  imbedded  in  a  more  or  less  abundant 
matrix.  The  vessels  are  often  mere  fissures  between  the  cells.  The  cells  increase 
in  number  by  division. 

Organisation  may  take  place  of  the  tissues  of  a  sarcoma,  and  thus  fibrous  tissue, 
or  cartilage,  or  bone  be  formed.  But  the  organisation  never  so  completely  affects 
the  tumour  but  that  some  portions,  generally  the  peripheral,  retain  the  structure 
significant  of  the  disease. 

Four  chief  groups  of  sarcoma  may  be  made — round-celled,  spindle-celled,  mixed- 
celled,  and  giant-celled  or  myeloid.     The   round-celled   sarcomas  are  composed 


Yjg.  3.— Round-celled  Sarcoma  of  the  Neck  Fig.  4.— Lympho-sarcoma  of  Tonsil 

(  x  260).  (  x  260), 


generally  of  cells  resembling  leucocytes,  but  sometimes  of  much  larger  size,  embedded 
in  a  homogeneous  or  granular  basis  substance.  Usually  a  little  fibrous  tissue  is 
present,  forming  trabeculse  of  variable  thickness.  Yessels  are  numerous,  whose  walls 
often  consist  of  a  single  layer  of  spindle  cells.  Several  varieties  of  this  group  are 
described,  among  which  the  most  important  are  : 

Lympho-sarcoma. — K  tumour  having  cells  resembling  leucocytes,  lying  in  the 
meshes  of  a  delicate  reticulum  similar  to  the  meshwork  of  lymphatic  glands,  and 
sometimes  apparently  formed  by  the  anastomosing  processes  of  branched  or  stellate 
cells.  These  tumours  grow,  not  only  from  lymphatic  or  adenoid  tissues,  but  from 
parts  in  which  such  tissues  are  not  naturally  found. 

Glioma. — Resembling  in  some  respects  the  last  variety,  but  having  smaller  cells  and 
a  less  perfect  meshwork.  The  glioma  was  first  described  as  a  tumour  arising  from 
the  connective  tissue  of  nerve-centres,  and  thus  the  name  (glioma,  from  neuro-glia, 
nerve-glue).  But  of  late  years  the  name  has  been  applied  to  tumours  of  various 
parts  of  the  body,  provided  only  they  exhibit  the  characteristic  structure.  The  best 
examples  of  glioma  are  found  in  the  brain  and  spinal  cord,  and  in  the  eye. 

Alveolar  sarcoma. — A  round-celled  sarcoma,  presenting  a  well-marked  alveolar 
structure.  The  cells  are  usually  of  large  size,  and  a  delicate  reticulum  can  often 
be  observed  within  the  alveoli.  Tumours  presenting  this  structure  resemble  so 
closely  cai'cinoma  that  they  can  only  be  distinguished  by  the  difference  of  their 
origin. 

Plexiform  sarcoma  or  Cylindroma.- — A  variety  described  originally  by  Billroth,1 


Vol.  I. 


1  Loc.  tit.  p.  412  (English  translation). 
'  T 
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Fig.  5. — Cylindroma  of  Popliteal  Space  (i.c  a 
round-celled  sarcoma  with  hyaline  degenera- 
tion), (  x  DO). 

a.  to  show  polygonal  form  of  cells,  due  apparently 
to  pressure  from  swelling  of  hyaline  material 
(  x  260). 


of  which  the  prevailing  features  are  :  1.  arrangement  of  the  cells  in  cylinders  of 
varying  thickness.  2.  A  polygonal  form  of  cell,  instead  of  the  typical  rounded  or 
spheroidal  shape.  3.  Absence  of  intercellular  material  between  the  individual  cells. 
4.  A  hyaline  or  finely  fibrillar  substance,  often  in  considerable  quantity,  between  the 

cylinders  of  cells.  These  tumours 
are,  it  is  probable,  in  every  case 
round-celled  sarcomas  with  hyaline 
transformation  of  certain  of  their 
textures.  The  name  cylindroma  has 
led  to  an  unfortunate  confusion 
between  them  and  the  cylindrical 
epitheliomas,  with  which  they  have 
nothing  in  common.  They  have 
usually  been  met  with  in  connection 
with  the  dura  mater  of  the  brain, 
the  periosteum  of  the  orbit,  and  the 
salivary  glands. 

Psammoma.  Pearl  tumour. 
Nested  sarcoma. — The  classification 
of  these  tumours  has  not  yet  been 
definitely  fixed.  But  it  is  almost 
certain  they  are  derived  either  from 
connective-tissue  structures,  or  from  endothelium.  The  pearl  tumour  is  characterised 
by  the  presence  of  small  balls  or  nests  of  cells  (pearls)  resembling  those  of  epithe- 
lioma, The  psammoma  presents  broad  bands  or  trabecule  of  fibrous  tissue,  in  or 
at  the  ends  of  which  are  concentric  bodies,  each  having  a  calcareous  centre  surrounded 
by  a  thick  covering  of  fibrous  tissue.  It  is  not  improbable  that  the  psammoma  re- 
presents a  more  advanced  condition  of  the  pearl  tumour,  the  '  peaids  '  of  which  ha  ve 
become  calcareous.    Both  forms  of  tumour  occur  only,  so  far  as  has  been  hitherto 

observed,  within  the  cranium 
Fn;.  6. — Psammoma  of  Dura  Mater,  after  Virchow       in  connection  with  the  mem- 
branes, or  the  pineal  gland,  or 
in  the  orbit. 

Haemofrhagic  sarcoma  or 
Blood-cyst  —  the  true  nature 
of  which  has  only  been  recog- 
nised during  the  past  few 
years.  Formerly  these  tu- 
mours were  cla.ssed  among  the 
cysts  containing  blood,  and 
their  tendency  to  refill  or  recur 
after  removal,  and  to  be  dis- 
seminated, created  great  sur- 
prise. But  examination  of 
sections  of  the  rough  cyst- 
walls  discovered  the  presence 
of  round-  or  spindle-celled  sar- 
coma tissue  in  them.  Pro- 
cesses or  bands  of  similar  tissue 
have  been  also  demonstrated 
by  Mr.  Godlee,1  in  the  midst  of  the  blood  at  a  considerable  distance  from  the  cyst 
wall.  Such  tumours  are  therefore  now  regarded  as  sarcomatous  tumours,  in  which, 
from  some  cause,  haemorrhage  has  taken  place.  Even  the  recurrent  and  secondary 
tumours  usually  consist  chiefly  of  blood.  The  ha-inorrhagic  sarcomas  form,  not 
merely  a  variety  of  the  round,  but  of  the  spindle-celled  sarcomas. 

M <  lanatic  sarcoma.   Melanosis. — The  same  remark  applies  still  more  forcibly  to 
1  Path.  Trans,  vol.  xxvi.  p.  193,  1875. 
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the  melanotic  tumours,  for  the  greater  number  of  them  are  spindle-celled.  The  dark 
or  even  black  colouring  which  is  characteristic  of  the  disease  is  due  to  the  presence 
of  pigment  molecules  or  granules,  contained  either  within  the  cells,  or,  less  often, 
in  the  intercellular  substance.  Melanotic  sarcomas  occur  generally  in  the  skin  or 
within  the  eye. 

Villous  sarcoma. — Occasionally  sarcomas  present  a  villous  or  dendritic  structure. 
One  such  tumour  I  have  seen  in  the  bladder  of  a  female  child,  which  was  entirely 
occupied  by  it.  It  formed  numerous  mammillary  projections,  from  the  summit  of 
some  of  which  secondary  stalks  proceeded,  and  from  some  of  these  tertiary  stalks  or 
cauliflower  growths. 

Instead  of  proceeding  now  to  a  description  of  the  qualities  and  course  of  round- 
celled  sarcoma  and  its  varieties,  it  will  be  more  convenient  to  describe  the  structure 
of  the  spindle-  and  mixed-celled  sarcomas,  in  order  that  the  general  account  of  the 
three  groups  may  be  given  together,  which  may  easily  be  done  if  care  be  taken  to 
point  out  the  features  in  which  they  chiefly  differ. 

The  spindle-celled  sarcomas  are  composed  of  vast  numbers  of  elongated,  or  spindle, 
or  fusiform,  or  oat-shaped  cells,  with  very  little  intercellular  substance,  arranged 
usually  to  form  bands  or  trabecular  which  interlace,  cross,  run  parallel,  and  anasto- 
mose with  one  another.  Each  cell  gener- 
ally contains  a  single  nucleus,  more  rarely 
two  or  three.  The  vessels  resemble  those 
of  the  round-celled  tumours.  Usually 
there  is  very  little  fibrous  tissue.  The 
spindle  tissue  is  sometimes  regarded  as  the 
second  stage  in  the  development  of  con- 
nective tissue  from  granulation  tissue ;  but 
Billroth  1  has  pointed  out  that  the  spindle 
tissue  of  which  most  of  these  tumours  are 
composed  bears  no  real  similarity  to  any 
of  the  early  forms  of  fibrous  tissue,  but  is 
not  unlike  the  embryonic  stage  of  nerve- 
and  muscle-tissue,  from  which  he  draws 
the  inference  that  many  of  the  sarcomas 
are  imperfectly  developed  nerve-  and  muscle-tissues.  Several  varieties  of  spindle- 
celled  sarcoma  are  described,  but  they  do  not  require  a  detailed  description  here. 
Among  them  are  the  large  spindle-celled  sarcoma,  and  the  small  spindle-celled  sarcoma, 
and  more  than  one  of  those  included  in  the  varieties  of  round-celled  sarcoma. 
Thus  the  pearl  tumour  and  Fig.  8.-Mixed-celled  Sarcoma  of  Subcutaneous  Tissue 
psammoma  may  be   spindle-  over  Shoulder  (  x  300). 

celled,  the  blood-cysts  are  often 
spindle-celled,  and  the  mela- 
notic tumours  more  often 
spindle-celled  than  round. 

The  mixed-celled  sarcomas 
are  not  generally  described 
either  in  works  on  surgery 
or  even  in  special  works  on 
tumours ;  but  I  have  thought 
fit  to  make  a  separate  class  of 
them,  to  include  those  tumours 
whose  cellular  elements  vary 
so  much  in  form  and  size,  and 
other  characters,  that  they  can- 
not be  classed  with  either  of  the  foregoing  groups.  Unless  this  be  done,  a  large 
number  of  tumours  must  be  left  unclassed,  or  must  be  included  in  one  or  other  of 
those  groups,  although  they  resemble  neither,  or  belong  to  one  as  much  as  to  the  other. 

1  Loc.  cit.  (English  translation),  p.  403. 
T  2 


Fig.  7. — Spindle-celled  Sarcoma  of 
Abdominal  Wall  (  x  300). 
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Besides  those  parts  of  the  body  which  certain  of  the  varieties  peculiarly  affect, 
the  three  chief  forms  of  sarcoma  are  met  with  in  the  skin  and  subcutaneous  tissue, 
the  muscles,  the  fasciae,  and  intermuscular  septa,  the  testicle,  the  eye,  the  antrum,  the 
lymphatic  glands,  the  periosteum  and  the  bones ;  and  in  certain  of  the  internal 
organs,  the  liver,  kidneys,  ovaries,  uterus,  and  lungs.  In  most  of  these  tissues  and 
organs  they  are  not  infrequent,  and  they  occur  less  commonly  in  other  parts,  the 
larynx,  the  nerves  and  nervous  centres,  the  prostate  and  the  bladder,  while  rare 
examples  have  been  recorded  in  the  tongue  and  the  oesophagus.  It  will  thus  be  seen 
that  the  tissues  affected  by  them  are  very  various,  and  that  no  region  of  the  body  is 
exempt  from  their  occurrence.  The  round-celled  sarcomas  prefer  the  testicle,  the 
antrum,  the  tonsils,  and  lymphatic  glands,  and  are  often  met  with  in  or  around  the 
bones.  The  spindle  tumours  are  common  in  the  skin,  the  fasciae  and  muscles,  the 
testicles,  the  eye,  the  periosteum  and  bones.  And  the  mixed-celled  tumours  affect 
the  bones  more  frequently  than  any  other  part. 

Both  sexes  and  all  ages  are  liable  to  sarcoma ;  and,  although  these  tumours  are 
more  common  during  adult  life,  they  are  not  at  all  uncommon  in  children  of  even 
tender  years.  Thus  the  eye,  the  testicle,  and  the  bones  are  all  liable  to  outbreaks  of 
sarcoma  during  infancy  and  childhood.  Sarcoma  is  indeed  the  malignant  disease, 
not  improbably  the  only  malignant  disease  by  which  children  are  attacked. 

The  growth  of  most  sarcomas  is  rapid,  but  depends  in  great  measure  on  their 
situation.  Thus,  the  subperiosteal  tumours  of  the  bones  grow  quickly,  the  central 
tumours  with  much  less  rapidity ;  the  sarcomas  of  the  testicle  more  quickly  than 

Fig.  9.— Ossifying  Spindle-celled  Sarcoma  of  Ilium  (subperiosteal),  (  x  260). 


similar  tumours  of  the  eye.  Very  great  difference  is,  however,  noticed  in  the 
rapidity  of  growth  of  tumours  of  the  same  organ  under  apparently  identical  condi- 
tions, nor  does  this  difference  bear  obvious  relation  to  the  difference  of  structure  of 
the  tumours.  In  some  instances  a  very  considerable  bulk  is  reached  ;  certain  of  the 
tumours  of  bone  especially  growing  to  an  enormous  size.  Large  size  may  be 
attained  without  pain  or  scarcely  inconvenience,  but  some  sarcomas,  especially  those 
of  bone,  are  the  seat  of  exquisite  pain  throughout  their  course.  In  shape,  as  in  size, 
great  differences  are  observed,  for  while  some  sarcomas  are  smooth  and  regular  in 
contour,  others  are  tuberose,  or  nodular,  or  bossed.  One  feature  in  connection  with 
their  outline  is  tolerably  constant ;  they  are  seldom  easily  separable  from  the  parts 
in  the  midst  of  which  they  lie.  This  is  so  even  when  they  are  encapsuled,  but  is  of 
course  much  more  so  when  they  are  diffused.  The  consistence  of  sarcomas  varies 
from  a  softness  difficult  to  distinguish  from  fluctuation  to  the  hardness  of  cartilage 
or  bone ;  and  even  different  portions  of  the  same  tumour  exhibit  a  very  different 
consistence.    This  may  partly  be  explained  by  the  metamorphoses  to  which  their 
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tissues  are  so  prone.  Either  of  the  three  forms  may  be  in  large  part  transformed 
into  fibrous  tissue,  or  cartilage,  or  bone,  in  which  case  they  may  be  termed  fibrifying, 
chondrifying,  or  ossifying  round-,  or  spindle-,  or  mixed-celled  sarcomas.  On  the 
other  hand,  they  may  undergo  extensive  degeneration,  and  become  fatty,  or  caseous, 
or  calcareous;  the  first  two  of  these 
degenerations  are  seldom  so  extensive 
as  to  obscure  the  true  characters  of  the 
disease,  but  the  calcareous  degenera- 
tion may  be  very  complete  and  widely 
spread.  Among  the  degenerated  sar- 
comas may  probably  be  classed  the 
myxo-sai'comas,  or  stellate,  or  net- 
celled  sarcomas.  These  appear  gene- 
rally to  be  sarcomatous  tumours 
with  delicate-starred  or  spindle  cells, 
with  long  tapering  processes  which 
anastomose  with  one  another.  The 
intercellular  substance  is  viscid, 
transparent,  sometimes  almost  jelly-like,  and  usually  very  abundant.  But  some 
parts  of  the  tumours  are  almost  wholly  cellular.  It  is  not  certain  whether  these 
tumours  are  degenerated  sarcomas,  or  sarcomas  whose  development  is  incomplete.  Nor 
is  it  certain  that  many  of  the  tumours  included  in  the  class  myxoma  ought  not  more 
properly  to  be  placed  among  the  degenerated  sarcomas  or  varieties  of  sarcoma.  Of 
all  these  organisations  and  degenerations,  it  must  be  observed  that,  although  they  may 
gravely  modify  the  clinical  and  structural  characters  of  a  sarcoma,  they  do  not 
materially  affect  its  course.  Even  if  only  a  thin  layer  of  sarcoma  tissue  still  exists 
upon  the  surface  of  a  growth,  and  all  the  remainder  is  transformed  into  cartilage 
or  bone,  the  tumour  still  is  a  sarcoma,  and  will  pursue  the  course  it  would 
have  followed  had  it  been  composed  entirely  of  sarcoma  tissue.  This  fact  has 
not  been  sufficiently  recognised  hitherto,  and  consequently  many  sarcomas  have  been 
grouped  apart  on  account  of  extensive  metamorphoses  of  their  tissues.  This 
is  notably  the  case  in  the  osteo-  or  osteoid  sarcomas,  of  which  a  separate  group 
has  frequently  been  made,  including  tumours  of  different  basis-structure  and  of  dif- 
ferent origin,  solely  because  a  comparatively  large  portion  of  each  of  them  has  calcified 
or  ossified.  Either  in  consequence  of  these  various  metamorphoses  of  their  sub- 
stance, or  by  reason  of  the  mixture  of  gland  tissue  with  them,  sarcomas  often 
contain  cysts,  or  cystoid  cavities.  Thus  cysts  are  found  in  sarcomas  of  the  breast  and 
testicle,  and  cystoid  cavities  in  sarcomas  of  the  bone  and  subcutaneous  tissue. 
Owing  to  the  frequency  with  which  the  changes  just  described  take  place,  and  to 
their  wide  extent,  it  is  almost  impossible  to  describe  the  gross  appearance  of  sarco- 
matous tumours.  Yet  most  of  them  present  on  section  a  juicy,  or  succulent  grey,  or 
brownish -grey,  semi-translucent  substance,  often  resembling  somewhat  the  pulpy 
swelling  of  synovial  membrane  described  by  Brodie.  Many  of  them,  those  especially 
of  the  soft  parts,  are  encapsuled,  and  appear  as  if  they  were  as  completely  isolated 
from  the  surrounding  structures  as  are  the  fibrous  or  the  fatty  tumours.  But  the 
capsule  and  surrounding  structures  are  infiltrated  by  the  elements  of  the  disease.  Other 
sarcomas  have  not  any  capsule,  but  are  circumscribed,  and  appear  to  be  so  strictly 
limited  that  it  is  difficult  to  conceive  that  the  tissues  around  them  are  deeply 
involved  in  the  disease.  And  others  again  scarcely  form  definite  tumours,  for  they 
replace  or  thicken  the  parts  in  which  they  grow,  after  the  manner  of  a  chronic  in- 
flammation ;  these  are  the  infiltrating  sarcomas. 

The  tumours  which  are  situated  immediately  beneath  the  surface,  and  the  deeper 
tumours  as  they  approach  the  surface,  gradually  involve  the  skin,  which  may  become 
reddened,  and  hot,  and  exquisitely  tender,  so  that  all  the  signs  of  inflammation  may 
be  present.  The  skin  may  break  and  a  foul  fungous  ulcer  may  result,  but  ulceration 
is  not  so  common  as  in  carcinoma. 

The  malignancy  of  all  sarcomas  is  expressed  in  their  infiltration  of  surrounding 


Fig.  10. — Chondrifying  Round-celled  Sarcoma  of 
Submaxillary  Gland  (  x  260). 
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structures,  which  render's  them  peculiarly  liable  to  recur,  even  after  removal  has 
been  apparently  complete.  On  this  account  many  of  them  were  formerly  called  re- 
curring tumours,  and  it  was  thought  that  they  spent  the  little  malignancy  they 
possessed  in  frequent  outbreaks  confined  to  one  particular  region  of  the  body.  Most 
of  the  tumours  thus  described  were  spindle-celled,  and  most  of  them  were  of  the 
subcutaneous  tissue,  or  grew  between  the  muscles.  And  certainly  it  is  a  charac- 
teristic of  spindle-celled  sarcomas  of  these  tissues  in  certain  regions  that  their  local 
malignancy  is  great,  their  tendency  to  glandular  affection  and  dissemination  small. 
But  they  do  not  all  exhibit  this  limited  malignancy,  for  some  of  them  become 
disseminated. 

The  frequent  recurrence,  which  formerly  was  exceedingly  difficult  to  explain,  has 
since  been  shown  to  be  due  to  incomplete  removal,  owing  to  the  manner  in  which 
they  infiltrate  the  parts  around  them. 

Very  remarkable  statements  have  been  made  at  different  times  regarding  the 
tendency  of  sarcomas  to  affect  the  lymphatic  glands  ;  and  it  has  been  accepted  as  a 
general  axiom,  chiefly  on  the  authority  of  Virchow  1  and  Billroth,2  that  sarcomas  do 
not  affect  the  lymphatic  glands,  or,  at  least,  not  till  very  late  in  the  course  of  the 
disease.  But  this  is  absolutely  untrue  of  the  sarcomas  of  many  parts.  Thus,  those 
of  the  testicle,  the  tonsil,  the  lymphatic  glands  themselves,  of  the  subcutaneous 
tissues  and  the  fasciae  of  certain  regions  (as  the  sole  of  the  foot),  invariably  affect  the 
lymphatic  glands.  On  the  other  hand,  those  of  the  eye,  the  brain,  the  antrum,  and 
bones  (with  perhaps  the  exception  of  the  tarsal  bones),  never  affect  the  glands,  un- 
less it  be  by  what  may  be  termed  an  accident.  And  let  it  be  noted  that  the  glandu- 
lar affection  due  to  sarcomas  of  the  parts  from  which  the  glands  habitually  are 
affected  (testis,  tonsils,  &c.)  is  quite  as  early,  and  as  rapid  in  its  course,  as  that  due 
to  carcinoma  of  the  same  parts.3 

Dissemination  of  either  form  of  sarcoma  may  occur  in  one  or  other  of  the  different 
ways  described  in  the  introduction.  It  is  comparatively  common  in  connection  with 
the  sarcomas  of  certain  parts,  for  example  with  the  subperiosteal  tumours ;  much 
less  common  with  the  sarcomas  of  other  parts,  as  with  the  central  tumours  of  the 
bones.  And  it  occurs  much  more  widely  and  rapidly  with  the  round-celled  than 
with  the  other  sarcomas.  Thus  the  round-celled  sarcomas  are  disseminated,  some- 
times in  vast  numbers,  in  the  skin  and  subcutaneous  tissue,  in  the  bones,  the  serous 
membranes,  and  in  other  parts.  Their  dissemination  is  sometimes  so  rapid,  and 
so  general,  that  is  difficult  to  distinguish  between  dissemination  of  a  primary  disease 
and  multiple  primary  sarcomatosis.  Of  most  sarcomas,  the  lungs  and  pleurae  are 
undoubtedly  the  most  frequent  seat  of  secondary  tumours. 

The  diagnosis  of  many  sarcomas  is  not  easy.  They  may  be  mistaken  for 
carcinomas — an  error  not  very  important — but  may  often  be  distinguished  by  their 
seat  of  origin  and  the  patient's  age ;  or,  after  removal  in  doubtful  cases,  by  the  pre- 
sence of  a  capsule,  or  by  microscopical  examination,  or  they  may  be  taken  for  fibrous  or 
cartilaginous  tumours.  The  diagnosis  from  fibrous  tumour  is  often  exceedingly 
difficult,  only  to  be  made  by  careful  microscopical  examination;  for  some  of  the 
subcutaneous  spindle-celled  sarcomas  grow  very  slowly,  are  thoroughly  encapsuled, 
and  present  a  fibrous  aspect.  From  cartilaginous  tumours  sarcomas  may  generally 
be  recognised  by  their  more  rapid  growth,  and  by  the  mingling  of  softer  tissues  with 
the  cartilage.  The  same  thing  is  true  of  the  osseous  tumours  and  the  ossifying  or 
calcifying  sarcomas.  Most  difficult  of  all  is  the  diagnosis  between  sarcomas  of 
certain  parts  and  chronic  inflammations  or  abscesses.  The  tumours  and  inflamma- 
tions of  bone,  and  the  softening  sarcomas  and  abscesses  of  the  subcutaneous  tissue,  can, 
in  some  instances,  only  be  diagnosed  by  frequent  measurements  and  exploratory  incision. 
Prognosis  is  intimately  associated  with  treatment,  for  it  must  generally  be  admitted 
that  a  sarcoma,  unless  treated,  is  a  fatal  malady,  although  sarcomas  in  certain  situa- 

1  Loc.  cit.  2  Loc.  cit. 

3  Irritative  and  inflammatory  enlargements  of  the  glands  in  connection  with  tumours 
are,  of  course,  excluded  from  consideration  in  the  foregoing  remarks.  After  removal  of  the 
tumour,  enlargements  of  such  kinds  subside. 
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tions  may  kill  so  slowly  that  another  cause  of  death,  more  rapid  in  its  action,  may 
intervene.  Among  the  most  malignant  sarcomas  are  the  subperiosteal,  those  of  the 
tonsil,  and  the  round-celled  sarcomas  of  the  testicle  :  but,  while  treatment  may  avail 
for  the  first  and  last  of  these,  the  tumours  of  the  tonsil  are  almost  beyond  the  reach 
of  treatment.  The  only  treatment  which  bids  fair  to  be  successful  for  sarcoma  is 
the  complete  removal  or  destruction  of  the  tumour.  This  may  be  accomplished  in 
any  way  which  seems  most  appropriate  to  the  individual  case  requiring  treatment. 
One  point  it  is  absolutely  necessary  to  insist  on,  and  it  cannot  be  too  frequently  re- 
peated :  that  removal,  to  be  successful,  must  include  an  area  of  the  surrounding 
healthy-looking  tissues.  It  is  difficult  to  say  how  wide  an  area  of  these  tissues 
should  be  removed,  but  in  most  cases  probably  from  an  eighth  to  a  quarter  of  an 
inch.  This  is  equally  essential  in  the  treatment  of  the  encapsuled  and  the  diffused 
tumours.  Destruction  may  be  accomplished  by  means  of  strong  acids  or  other 
caustics,  or  the  actual  cautery.  Removal  may  be  effected  with  the  knife,  the  gal- 
vano-cautery,  or  the  ecraseur.  Removal  of  a  tumour  may  necessitate  amputation 
of  a  limb.  Especially  is  this  the  case  for  sarcomas  of  the  bones.  When  amputation 
is  performed  for  sub-periosteal  sarcoma,  it  should  be  very  high  above  the  disease, 
through  the  thigh,  for  example,  for  sarcoma  of  the  leg,  through  the  arm  for  sarcoma 
of  the  forearm.  The  intra-osseous  or  central  sarcomas  do  not  require  so  great  pre- 
caution. Indeed,  for  some  of  them,  excision  may  suffice,  or  they  may  even  be  dis- 
lodged or  scooped-out  of  the  cavities  in  which  they  lie. 

No  other  general  rules  than  these  can  be  laid  down  for  operation.  All  that  need 
be  added  to  them  is  an  encouragement  to  early  operation,  for  the  smaller  a  sarcoma 
and  the  more  freely  it  is  removed  or  destroyed,  the  more  hopeful  is  the  prospect  of 
success.  It  is  right,  perhaps,  to  mention  that  various  medicines  have  been  given,  as 
iodide  of  potassium  and  arsenic,  and  various  injections  have  been  used,  as  arsenic, 
iodine,  and  acetic  acid,  it  is  said  with  success,  for  tumours  called  sarcomatous.  But  I 
have  never  seen  any  of  these  successful,  nor  do  I  know  of  any  authentic  case  in  which 
their  efficacy  has  been  clearly  proved. 

Myeloid  or  giant-celled  sarcoma. — So  termed,  because,  although  it  is  formed  in  part 
of  round  or  spindle  cells  resembling  those  of  the  sarcomas,  the  greater  portion  of  its 
substance  is  composed  of  large 

flattened  cells,  or  masses  of  Fig.  11. — Myeloid  Sarcoma  of  Ulna  (central),  (  x  260). 
protoplasm,  containing  from 
two  or  three  to  twenty,  thirty, 
or  even  fifty  nuclei.  From 
the  resemblance  of  these  bodies 
to  some  of  the  cells  of  foetal 
marrow  the  word  myeloid  is 
derived.  Only  those  tumours 
should  be  termed  myeloid 
which  are  at  least  half  made 
up  of  giant  cells,  for  the  mere 
presence  of  a  few  of  these  cells 
in  a  sarcoma  does  not  at  all 
affect  its  other  characters  or 
course.  "When  a  large  number 
of  them  is  present,  the  tumour 
exhibits  a  red-brown  or  ma- 
roon colour,  like  that  of  the 
substance  of  the  heart.  Such 
tumours  occur  primarily  apparently  only  in  connection  with  the  bones,  and  are 
always  of  central  growth.  They  occur  most  commonly  in  the  lower  jaw,  the  lower 
end  of  the  femur,  and  head  of  the  tibia.  Their  growth  is  often  comparatively  slow, 
and  their  malignancy  is  less  than  that  of  the  other  central  sarcomas  of  the  bones, 
with  which  of  course  they  should  only  be  compared.  A  diagnosis  cannot  easily  be 
made  of  these  tumours  from  other  central  tumours  before  incision  has  been  made. 
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but  the  colour  and  general  firm  consistence  serve  easily  to  distinguish  them  when 
incision  has  been  made.  It  is  important  that  the  diagnosis  should  be  made  before 
removal ;  for,  provided  the  bone  is  not  extensively  destroyed,  excision  may  be 
practised  or  even  scooping  of  the  tumour  out  from  the  cavity  in  which  it  lies,  and 
yet  recovery  may  be  complete.  Even  the  local  malignancy  of  myeloid  sarcomas 
appears  therefore  to  be  slight.  They  do  not  affect  the  glands,  and  are  very  rarely 
engrafted  on  distant  portions  of  the  body. 

Primary  myeloid  tumours  have  occasionally  been  reported  of  other  tissues  than 
the  bones,  but  they  appear  to  be  of  a  very  different  kind  to  those  which  have  been 
just  described. 

Endothelioma. — Among  those  who  accept  the  connective-tissue  origin  of  sarcoma 
are  some  pathologists  who  believe  that  sarcoma  is  developed  from  the  endothelial  cells 
of  the  connective  tissue,  and  perhaps  also  from  the  endothelium  of  the  blood-vessels. 
If  this  view  be  correct,  all  sarcomas  are  endotheliomas.  But  it  is  not  generally 
accepted,  and,  indeed,  appears  so  difficult,  if  not  impossible,  to  prove,  that,  for  the 
present  at  least,  it  may  be  passed  over,  and  the  term  endothelioma  may  be  applied  only 
to  those  tumours  which  can  be  clearly  shown  to  originate  from  endothelial  surfaces. 

The  recorded  cases  of  such  tumours  are  yet  but  few  ;  therefore  it  is  impossible  to 
furnish  a  complete  account  of  the  disease.  It  occurs  chiefly  in  connection  with  the 
serous  membranes,  the  pleura  and  the  peritonaeum,  from  the  inner  surface  of  which 
sometimes  a  solitary  growth  projects.  But  more  often  there  are  numerous  tumours, 
some  of  which  present  a  papillary  form.  They  are  generally  soft,  and  look  like 
quickly-growing  cancers.  Their  microscopic  structure  may  resemble  that  of  epithe- 
lioma so  closely  that  the  two  diseases  cannot  be  distinguished,  for  the  cells  are  flat  and 
like  those  of  squamous  epithelium,  and  cell-nests  are  present :  or  they  may  exhibit 
an  alveolar  structure,  more  like  that  of  an  ordinary  carcinoma.  They  appear  to 
grow  from  the  surface  endothelium,  and  from  that  which  surrounds  or  lines  the 
mouths  of  the  lymphatics. 

Their  situation  necessarily  renders  these  endotheliomas  fatal,  but,  more  than  this, 
they  appear  to  be  excessively  malignant.  For  generalisation  speedily  takes  place, 
and  many  organs  may  be  affected  within  a  short  period  of  the  outbreak  of  the  symp- 
toms of  the  primary  disease. 

Betides  the  pleura  and  the  peritonaeum,  the  pericardium  is  occasionally  the  seat  of 
endothelioma  ;  and  it  is  not  improbable  that  most  of  the  tumours  growing  from  the 
inner  aspect  of  the  dura  mater,  the  psammomas  of  Virchow,1  and  nest-celled  sarcomas 
of  Gowers,2  are  also  endotheliomas.  Klebs3  has  described  an  endothelioma  of  the 
pia-mater,  the  precise  origin  of  which  he  thought  could  be  traced  to  the  endothelium 
of  the  blood-vessels. 

Warty  tumours.  Papillomata. — In  their  simplest  form  these  tumours  consist 
merely  of  one  or  more  hypertrophied  papillae  of  the  skin,  or  mucous  membrane,  and 
are  composed  of  a  central  vessel  or  vessels,  surrounded  by  a  variable  quantity  of 
connective  tissue,  and  of  several  layers  of  epithelial  cells,  the  most  superficial  of  which 
are  flattened  and  scale-like,  or  even  horny.  Even  those  tumours  which  are  much 
larger,  and  seemingly  more  complex,  are  composed  only  of  very  numerous  enlarged 
papillae. 

They  owe  their  origin  in  many  cases  to  some  form  of  irritation,  of  which  familiar 
examples  may  be  observed  in  the  warts  on  the  glans  penis  or  the  prepuce  produced 
by  the  discharge  of  gonorrhoea,  and  the  scrotal  warts  which  occur  commonly  in 
chimney  sweeps  and  those  who  work  in  tar.  But  sometimes  they  appear  to  acknow- 
ledge some  predisposition  in  the  patient,  who  may  habitually  suffer  from  them,  and 
whose  hands  are  frequently  covered  with  large  crops  of  warts.  Such  warts  as  those 
which  occur  upon  the  hands,  dry,  hard,  and  scaly,  are  seen  also,  but  less  often,  on 
the  face,  where  their  chief  interest  lies  in  the  fact  that,  in  old  people,  they  occasion- 
ally become  carcinomatous.    The  larger  warty  growths  are  found  upon  the  skin  of 

1  Kranhhaften  Geachwiilste,  Yorlesun?  xviii.    Berlin,  1804  65. 

2  Miri.-Chir.  Trims,  vol.  lix.  p.  217.  187G. 

3  Vwger  Med.  Worheiischrift,  i.  6,  Feb.  1876 
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the  trunk  or  extremities,  where  they  not  uncommonly  are  pigmented,  and  contain 
cavities  filled  with  clotted  blood ;  about  the  vulva  or  the  anus,  where  they  form  the 
cauliflower  condylomata ;  and  in  the  larynx,  where  they  grow  generally  from  the 
vocal  chords.  All  these  warty  tumours  are  of  slow  growth  and  innocent ;  they  may 
be  removed  without  fear  of  recurrence.  The  small  warts  of  the  face  and  hands  may 
easily  be  destroyed  by  the  application  to  them  of  dilute  sulphuric  acid.  In  the 
course  of  a  few  days  they  fall  off,  or  out,  and,  if  the  depression  left  by  their  separation 
be  touched  again  with  acid,  they  will  not  recur.  The  large  growths  generally 
require  to  be  removed  with  the  knife  or  ecraseur. 

In  the  treatment  of  these  warty  tumours  it  must  not  be  forgotten  that  some 
epitheliomata  and  some  sarcomata  present  a  distinctly  warty  appearance,  and  may 
possibly  be  mistaken  for  them.  The  diagnosis  can  generally  be  made  by  the  presence 
of  induration  of  the  subjacent  structures  in  the  malignant  growths,  by  their  tendency 
to  ulcerate,  and  by  the  gi'eater  rapidity  of  their  growth, 

Among  the  warty  tumours  must  be  classed  the  horns  which  are  sometimes  seen 
growing  from  the  integument,  which  occasionally  project  from  the  surface  to  the 
extent  of  many  inches. 

Glandular  tumours.  Adenomata. — Tumours  composed  of  glandular  structures 
with  only  just  sufficient  connective  tissue  to  bind  them  together  are  rare,  but  are  met 

Fig.  12. — Adenoma  of  the  Breast  (  x  40). 


with  in  the  mamma,  and  the  salivary  glands,  and  in  connection  with  the  glands  of 
the  mucous  membrane  and  the  integument.  Similar  tumours  occur,  too,  in  and  about 
the  thyroid  body ;  and,  although  by  and  by  it  may  be  found  desirable  to  separate 
those  of  the  thyroid  from  those  of  the  secreting  glands,  it  will  be  better  now  to  con- 
sider them,  as  heretofore,  together. 

Glandular  tumours  always  bear  a  structure  resembling  that  of  the  glands  in  con- 
nection with  which  they  are  developed,  but  generally  less  perfect  in  its  details  ;  and, 
as  if  by  some  strange  oversight,  the  larger  ducts  are  wanting,  even  in  those  tumours 
in  which  sacs  or  acini  and  small  ducts  exist  in  tolerable  perfection,  so  that  if  secre- 
tion should  be  formed  there  are  no  means  of  conveying  it  away.  In  this  manner 
may  be  accounted  for,  in  all  probability,  most  of  the"  cysts  which  they  so  frequently 
contain ;  for  the  secretion  which  is  occasionally  formed  is  retained  within,  and 
distends  the  glandular  structures.  Only  those  growths  should  be  included  in  this 
class  whose  tubes  or  acini  or  sacs  are  lined,  not  filled,  with  epithelial  cells ;  by  this 
mea.ns  much  of  the  confusion  may  be  avoided  which  has  resulted  from  a  too  compre- 
hensive use  of  the  term  adenoma  by  certain  of  the  French  and  German  authors. 
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The  glandular  tumours  may  form  circumscribed  and  separate  tumours,  lobed  and 
encapsuled,  of  which  the  best  examples  may  be  found  in  those  of  the  chronic 
mammary  tumours  which  are  really  glandular  in  structure,  and  in  some  of  the 
tumours  of  the  thyroid.  Such  tumours  as  these  are  generally  very  firm,  almost  hard 
to  the  feel.  Or  they  produce  diffused  enlargement  (hypertrophy)  of  the  whole  of  a 
glandular  organ.  Or  polypoid  outgrowths  are  formed,  hardly,  if  at  all,  to  be  distin- 
guished, unless  by  their  greater  firmness,  from  the  fibro-cellular  and  mucous  polypi  met 
with  in  the  same  regions;  such  polypi  are  not  uncommon  in  the  rectum  and  the  nose. 

The  glandular  tumours,  as  a  rule,  grow  slowly,  and  never  attain  a  large  size. 
They  do  not  infiltrate  the  surrounding  structures,  nor  do  they  exhibit  a  tendency  to 
dissemination.  Those  of  them  which  are  circumscribed  or  polypoid  may  be  removed, 
the  former  without  fear  of  recurrence,  the  latter  with  some  probability  of  their 
return  on  account  of  the  difficulty  of  completely  removing  them.  These  appear  to 
be  the  characteristics  of  the  purest  forms  of  adenoma  ;  but,  owing  to  the  fact  that 
some  undoubted  cases  of  carcinoma,  and  many  connective-tissue  tumours  with  which 
glandular  structures  are  mingled,  have  been  included  under  the  term  adenoma,  very 
conflicting  accounts  may  be  found  of  this  disease. 

Carcinoma  may  be  defined  to  be  a  tumour  of  epithelial  origin,  generally  present- 
ing an  alveolar  structure.  The  cells  resemble  for  the  most  part  those  of  the  epithe- 
lium from  which  they  are  derived.  They  are  not  embedded  in  a  matrix,  like  the 
cells  of  sarcoma,  but  lie  closely  packed  within  alveoli  formed  by  fibrous  tissue  :  they 
multiply  generally  by  endogenous  formation.  The  vessels  traverse  the  fibrous  tissue 
and  rarely  lie  between  the  cells.    The  following  varieties  of  carcinoma  may  be  made 

„    ,  o  i      •  i  i    ii  j  r,  c       — spheroidal-celled  (to  include 

r  IG.  14. — Hard  Spheroidal-celled  C  arcinoma  of  1  > 

Breast  (scirrhous  cancer),  (  x  260).  ha™    ilud    soft)>  squamous- 

celled  (epithelioma),  cylindri- 
cal-celled, colloid. 

SpJteroidal-celled  or  glandu- 
lar-celled carcinoma  is  de- 
rived from  the  epithelium  of 
acinous  or  tubular  glands, 
such,  for  example,  as  the  mam 
mary  gland  and  pancreas. 
Two  chief  forms  have  long 
been  recognised,  hard  and  soft 
carcinoma.  Hard  carcinoma 
is  characterised  by  the  abun- 
dance and  toughness  of  its 
fibrous  stroma-.  The  hardest 
examples  are  often  termed 
scirrhus :  indeed,  the  word 
scirrhous  is  not  uncommonly 
extended  to  the  whole  group 
of  hard  carcinomas.  The  hard- 
est tumours  often  appear  as  if 
formed  solely  of  fibrous  tissue, 
for  in  the  centre  of  the  growth 
the  alveoli  are  shrunken  and 
the  cells  degenerated.  At  the 
periphery,  however,  the  struc- 
ture of  carcinoma  is  clearly 
marked.  This  difference  is 
explained  by  supposing  that 
a  large  part  of  the  fibrous  stroma  is  of  new  formation,  and  that  it  contracts  or 
shrinks  for  some  time  after  it  has  been  formed  :  since  the  central  portions  are  the 
oldest,  the  contraction  is  in  them  most  powerful. 

The  less  hard  forms  of  hard  carcinoma  exhibit  throughout  a  well-marked  alveolar 


Fig.  15.— Hard  Spheroidal-celled  Carcinoma  of  the 
Breast  (  x  SCO). 
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structure,  and  perfect,  or  tolerably  perfect,  cells.  Hard  carcinoma  occurs  primarily 
in  very  few  situations,  the  breast,  the  alimentary  canal  (particularly  about  the  pylo- 
rus), and  the  skin  ;  but  in  the  first  of  these  situations  it  is  very  common.  The 
method  of  its  development  in  the  breast  has  been  well  worked  out  by  Waldeyer,1 
who  has  shown  how  the  epithelium  of  the  gland  becomes  changed  in  character  and 
proliferates,  until  the  distended  acini  form  the  first  alveoli  of  the  carcinoma.  The 
cells  then  make  their  way  into  the  surrounding  tissues,  but  the  alveolar  arrangement 
is  still  maintained.  And,  as  the  disease  advances  into  the  structures  adjoining  the 
breast,  either  new  cells  are  formed  from  the  spreading  epithelium,  or,  by  a  trans- 
formation of  the  connective  tissue,  or  other  cells,  lying  in  contact  with  the  epi- 
thelium (epithelial  contagion),  and  thus  the  process  is  continued.  The  relation  of 
the  alveoli  to  the  acini  can,  in  most  cases,  easily  be  traced,  if  not  in  all  parts,  yet 
here  and  there  throughout  the  tumours.  In  some  tumours  of  the  breast  it  has  been 
possible  to  trace  the  first  changes  of  the  epithelium  from  the  nipple  and  areola,  where 
chronic  inflammation  was  proceeding,  along  the  ducts  into  the  acini  deep  down  in 
the  substance  of  the  breast.  It  is  not  easy  in  the  most  atrophied  scirrhous  carcinomas 
to  demonstrate  the  development  of  the  disease  in  the  glandular  structures,  and 
doubts  have  been  expressed  whether  these  tumours  are  not  really  of  connective-tissiie 
origin.  Hard  carcinoma  presents  itself  in  three  different  forms,  of  all  of  which 
excellent  examples  may  be  discovered  in  the  breast  :• — As  a  very  hard  opaque  white, 
fibrous-looking  mass,  of  small  size,  withered,  and  drawing  the  surrounding  tissues  in 
towards  itself  by  long,  claw-like  processes  extending  in  various  directions  :  the 
tumour  cuts  with  a  tough,  creaking  section,  and  the  cut  surface  is  concave.  Or, 
as  a  diffused  growth,  spreading  apparently  along  the  fibrous  partitions  of  the  gland 
in  lines  or  cords,  which,  at  irregular  intervals,  bear  upon  them  small  nodes  or  masses 
of  a  white  firm  substance ;  but  no  definite  tumour  is  observed.  Or,  as  a  circum- 
scribed and  almost  lohed  mass,  softening  or  caseating  in  the  centre,  but  elsewhere 
firm,  succulent,  opaque- white,  often  streaked  or  blotched  with  red,  and  not  so  fibrous- 
textured  as  the  first  form. 

Soft  carcinoma  differs  from  hard  carcinoma  chiefly  in  the  much  larger  number 
of  its  cells  and  in  the  much  smaller  quantity  of  its  fibrous  stroma.  It  is  as  well 
known  by  the  names  Medullary  or 
Encephaloid  as  soft.  The  most 
typical  forms  are  brain-like  in 
appearance  and  consistence ;  good 
examples  of  them  may  be  met  with 
in  the  testis.  Primarily,  soft  car- 
cinoma occurs  in  the  eye,  the  breast, 
the  testis,  the  bladder,  kidneys,  liver, 
and  the  ovaries. 

The  division  thus  made  between 
hard  and  sofc  carcinoma  is  now  no 
longer  so  necessary  or  desirable  as 
formerly.  Structurally,  there  is  no 
essential  difference  between  them, 
and  both  are  distinctly  glandular  in 
their  origin.  In  many  instances  it 
is  impossible  to  decide  whether  a  certain  carcinoma  is  hard  or  soft,  and  a  large  pro- 
portion of  the  tumours  which,  in  England,  are  called  hard  or  scirrhous  (tubular)  car- 
cinomas, are,  in  Germany  classed  as  soft  (acinous)  carcinomas.  The  close  relation 
which  subsists  between  them  may  be  further  illustrated  by  the  fact  that  the  disease 
which  recurs  after  removal  of  a  hard  carcinoma  is  often  soft  or  encephaloid,  and  that 
affection  of  the  glands  secondary  to  hard  carcinoma  is  commonly  encephaloid. 

Spheroidal-celled  carcinoma,  whether  hard  or  soft,  rarely  occurs  before  the  age  of 
thirty.  From  thirty  to  seventy  years  it  is  not  uncommon,  but  is  most  often  observed 
in  persons  between  forty  and  sixty  years  of  age.    It  attacks  both  sexes,  but  females 

1  Sammlung  Klinischer  Vortriige,  No.  33,  1872. 


Fig.  16. — Soft  Spheroidal-celled  Carcinoma  of 
the  Breast  (  x  90). 
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more  frequently  than  males,  chiefly  on  account  of  the  great  liability  of  the  female 
breast  to  the  disease. 

The  rapidity  of  growth  varies  remarkably.  The  softest  forms  of  tumour  grow  most 
quickly,  the  scirrhous  forms  most  slowly.  The  rapidity  of  growth  should  be  first  com- 
pared with  that  of  other  tumours  of  the  same  tissue  or  organ.  Thus,  an  ordinary 
hard  carcinoma  of  the  breast  may  attain  the  size  of  a  hen's  or  goose's  egg  in  from  four 
to  six  or  eight  months,  while  an  adeno-fibroma  may  only  reach  the  size  of  a  small 
walnut  in  as  many  years.  But  the  same  kind  of  tumour  may  observe  a  very  different 
progress  in  different  subjects;  therefore  too  great  importance  must  not  be  attached  to 
rapidity  of  growth  alone.  For  example,  the  progress  of  some  withering  scirrhous 
tumours  is  so  slow  that  I  have  seen  one  of  them  no  larger  than  a  nut  at  the  end  of 
four  years.  Sometimes  there  appears  to  be  an  actual  shrinking  rather  than  an  in- 
crease in  bulk,  so  that  a  breast  affected  by  scirrhus  may  be  even  smaller  than  its 
healthy  fellow-breast.  And  this  is  due,  not  only  to  the  shrinking  of  the  growth  it- 
self, but  to  the  drawing  in  towards  it  of  the  surrounding  structures.  A  spheroidal- 
celled  carcinoma  rarely  attains  a  very  large  size.  Even  the  soft  forms  in  the  breast 
and  testicle  seldom  grow  to  be  larger  than  a  foetal  head,  and  a  much  smaller  bulk 
than  this  is  far  more  common.  The  secondary  tumours,  on  the  other  hand,  some- 
times greatly  exceed  this  size ;  as,  for  instance,  growths  of  the  pelvic  and  abdominal 
glands  in  connection  with  a  primary  tumour  of  the  testis.  The  contour  of  spheroidal- 
celled  carcinomas  varies  considerably,  even  in  the  same  organ.  Generally  those  of 
the  testicle  are  ovoid  or  spheroidal,  with  here  and  there  more  prominent  and  softer 
portions.  Those  of  the  eye  are  spheroidal,  and  also  bulge  at  intervals.  Those  of  the 
breast  are  more  commonly  irregular  in  shape,  ill-defined  masses,  nodular  or  tuberous, 
and  not  separable  from  the  mammary  gland.  In  whatever  situation  they  occur,  they 
are  not  encapsuled,  unless  the  stout  fibrous  covering  of  an  organ  be  regarded  as  a 
capsule,  the  tunica  albuginea  of  the  testis,  for  example,  or  the  sclerotic  covering  of 
the  eye. 

Organisation  is  of  rare  occurrence  in  tbe  spheroidal  carcinomas,  but  certain 
degenerations  are  so  common  as  to  be  almost  constant.  Thus  fatty  and  caseous 
degeneration  are  exceedingly  frequent,  producing  in  some  cases  numerous  dots,  or 
streaks,  or  patches  throughout  the  substance  of  a  tumour,  in  other  cases  affecting 
large  areas,  especially  of  the  central  parts  of  tumours.  Portions  of  a  tumour  thus 
degenerated  may  soften  down  until  a  cystic,  or  rather  cystoid,  cavity  is  formed.  In 
the  same  way  colloid  degeneration  may  produce  cystoid  cavities.  True  cysts  are, 
also,  not  uncommonly  observed,  formed  by  dilatation  of  the  acini,  or  terminations  of 
the  tubes  of  glands  in  which  the  disease  originates,  and  therefore  lined  with  epithe- 
lium. They  do  not  often  attain  so  large  a  size  as  the  simple  cysts,  or  as  the  cysts  of 
sarcomatous  tumours  of  the  same  part;  nor  are  they  so  commonly  occupied  by 
intracystic  solid  growths.  Ulceration  very  frequently  takes  place,  especially  of  car- 
cinomas of  the  breast,  which,  gradually  infiltrating  the  intervening  structures,  at 
length  attack  the  skin  itself,  which  becomes  incorporated  with  the  tumour.  Dull  red 
or  livid  discoloration  next  appears,  and  a  small  crack  or  fissure  forms,  which,  deepen- 
ing and  widening,  becomes  an  open  ulcer.  The  ulceration,  as  it  proceeds,  is  very 
characteristic  of  the  disease.  In  the  hard  forms  the  cavity  is  often  deeply  excavated  ; 
its  sides  are  covered  with  slough,  or  ragged,  or  glazed,  and  void  of  granulations ;  its 
edges  raised,  everted,  nodular  or  tuberous ;  and  both  the  edges  and  the  base  pro- 
foundly indurated,  for  the  tumour  forms  the  floor  and  sides  and  edges  of  the  ulcer. 
In  the  soft  forms  what  is  called  fungus  hcematodes  is  not  uncommonly  produced. 
Instead  of  an  excavated  ulcer,  there  protrudes  from  the  open  sore  a  fungous,  bleeding 
mass,  sometimes  of  considerable  size  ;  but,  in  this  case  also,  the  tumour  forms  the  base 
and  edges  of  the  ulcer.  All  cancerous  ulcers  give  off  a  foul  and  often  profuse  dis- 
charge, and  all  of  them  are  prone  to  bleed.  Yet,  in  spite  of  these  clangers  and  sources  of 
exhaustion,  women  with  ulcerated  carcinomas  of  the  breast  are  thought  to  be  longer 
lived  than  those  m  whom  the  skin  remains  unbroken ;  for  the  tendency  to  extension 
to  the  glands  and  other  parts  appears  to  be  less  in  them,  as  if  the  strength  of  the 
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disease  were  wasted  by  being  drained  away  through  the  open  wound,  and  so  its 
power  were  broken  of  doing  a  wider  mischief. 

As  in  sarcoma,  so  in  carcinoma,  the  most  constant  evidence  of  malignancy  is  in 
the  local  extension  of  the  tumour,  which  spreads  by  a  margin  of  small-cell  or  in- 
different tissue  into  the  surrounding  parts,  destroys  their  textures,  mats  them  toge- 
ther, and  loses  its  mobility  by  becoming  adherent  to  the  deeper  and  less  mobile  parts. 
Absence  of  independent  mobility  is  an  important  symptom;  not  only  in  advanced 
disease,  but  even  in  young  spheroidal  carcinomas  ;  for,  although  many  of  these  move 
freely,  they  do  so  only  with  the  part  in  which  they  grow,  and  therefore  the  extent  of 
their  mobility  depends  entirely  upon  that  of  the  affected  organ. 

The  lymphatic  glands  are  affected  in  most  cases  of  spheroidal  carcinoma,  but  cer- 
tainly not  in  all.  Those  of  the  breast,  the  bladder,  and  the  testis  invariably  affect 
the  lymphatic  glands.  Those  of  the  eye  and  antrum  only  attack  the  glands  through, 
what  may  be  termed,  an  accident.  The  date  at  which  the  glandular  disease  appears 
is  not  more  constant  than  in  sarcoma.  The  microscopic  characters  of  the  primary 
disease  are  often  reproduced  in  so  marvellous  a  manner  that  it  is  difficult  to  distin- 
guish sections  of  the  primary  carcinoma  from  those  of  the  lymphatic  glands. 

.  Dissemination  is  common  of  both  forms  of  spheroidal  carcinoma,  more  so,  perhaps, 
of  the  soft  than  of  the  hard.  Secondary  growths  occur  more  frequently  in  the  liver 
than  elsewhere,  but  may  attack  the  heart,  lungs,  kidneys,  suprarenal  capsules,  the 
bones,  the  skin  and  subcutaneous  tissue.  Cases  of  widespread  generalisation  are 
not,  however,  so  common  as  among  the  round-celled  sarcomas.  Wherever  the 
secondary  growths  occur  they  bear  similar  microscopic  characters  to  the  primary 
disease,  and  these  are  sometimes  so  clearly  marked  that  a  secondary  carcinoma  may 
be  at  once  distinguished  by  them.  A  peculiar  fragility  of  bones  is  occasionally 
associated  with  the  dissemination  of  carcinoma.  Certain  of  these  bones  are  obviously 
the  seat  of  secondary  tumours,  but  others  of  them  apparently  contain  no  carcinoma, 
yet  are  so  soft  and  altered  in  their  texture  that  they  break  or  bend  with  wonderful 
facility.  Their  freedom  from  carcinoma  is,  however,  only  apparent,  for  in  every 
instance  in  which  a  microscopical  examination  has  been  made  of  these  soft  and  brittle 
bones,  elements  resembling  those  of  the  primary  tumour  have  been  discovered. 
Primary  multiple  carcinomas  are  not  so  common  as  primary  multiple  sarcomas,  but 
there  are  cases  in  which  it  is  very  difficult  to  decide  whether  dissemination  has 
occurred,  or  whether  the  various  tumours  which  are  seen  are  all  primary,  and  of 
equal  import.  Sometimes,  for  example,  both  breasts  are  attacked  by  carcinoma,  if 
not  simultaneously,  yet  so  quickly  following  one  another,  that  it  is  difficult  to 
believe  the  disease  of  one  breast  is  secondary  to  that  of  the  other.  In  other  instances, 
at  a  very  early  period  of  disease  of  the  breast,  small  nodules  appear  in  the  skin  and 
subcutaneous  tissue  of  the  mammary  region,  sometimes  so  closely  massed  together 
that  scarcely  a  square  line  of  healthy  tissue  can  be  seen,  sometimes  less  close  together, 
but  spread  so  widely  that  more  than  half  the  surface  of  the  abdomen,  chest,  shoulder 
and  back  is  dotted  with  them. 

The  diagnosis  of  spheroidal  carcinoma  is  often  very  difficult,  and  can  only  be 
made  by  exploration.  Age,  sex,  and  the  situation  of  the  tumour,  with  the  rapidity 
and  manner  of  its  growth,  and  the  characters  of  its  ulceration,  are  among  the  most 
important  of  the  symptoms;  and,  in  diagnosis  from  simple  tumours,  the  degree  of 
mobility  of  the  tumour  apart  from  that  of  the  part  in  which  it  grows.  This  refers 
especially  to  the  breast ;  but,  when  the  diagnosis  has  to  be  made  between  carcinoma 
and  chronic  inflammation  or  chronic  abscess,  this  sign  does  not  possess  an  equal  value. 
The  question  of  diagnosis  will  be  better  dealt  with  in  considering  the  diseases  of 
special  organs  and  tissues.  Every  carcinoma  is  malignant,  and,  if  left  to  itself,  will 
destroy  life,  although  in  certain  cases  it  may  take  many  years  to  do  so.  Thus, 
instances  are  on  record  in  which  persons  with  ulcerated  carcinomas  have  lived  for  ten 
years,  or  even  longer.  And  some  of  the  cases  of  scirrhus,  in  which  no  ulceration  has 
occurred,  have  lasted  quite  as  long.  But  the  course  of  the  disease  is  generally  much 
more  rapid.    Thus,  carcinoma  of  the  bladder  often  kills  within  a  year  or  eighteen 
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months ;  carcinoma  of  the  testis  within  two  years ;  of  the  breast  in  from  two  to  three 
years,  and  sometimes  much  more  speedily. 

The  cause  of  death  depends  partly  on  the  situation  of  the  primary  disease,  and 
partly  on  the  conditions  connected  with  it.  Death  may  be  from  exhaustion  due  to 
pain,  discharge,  anxiety,  and  other  like  conditions.  It  may  be  from  hemorrhage, 
or  from  arrested  function  of  vital  or  important  organs.  It  may  be  due  to  simul- 
taneous disease  of  many  parts.  With  one  or  other  of  these  conditions,  and  often 
preceding  death  by  many  weeks  or  months,  is  sometimes  seen  the  cancerous  cachexy. 
The  patient  becomes  sallow,  weak,  and  emaciated  to  the  last  degree.  Persons 
suffering  from  internal  cancer  may  exhibit  these  features  in  so  remarkable  a  degree 
that,  from  their  appearance  only,  the  presence  of  cancer  may  be  presumed.  Persons 
with  external  cancer,  on  the  other  hand,  so  far  from  exhibiting  the  cancerous  cachexy, 
are  often  well-nourished,  vigorous  and  strong ;  nor  does  the  health  commence  to  suffer 
until  the  disease  is  very  far  advanced. 

The  treatment  of  all  the  forms  of  carcinoma  will  be  considered  presently. 

Squamous-celled  carcinoma,  Epithelioma,  consists  of  masses,  or  processes,  or 

cylinders  of  epithelial  cells,  the  continuity  of  which  can  usually  easily  be  traced  with 

the  deeper  layers  of  the  epider- 

Fig.  17.— Epithelioma  (Squamous-celled  Carcinoma)    m^  or  sm.face  epithelium,  from 

of  Skin  of  Leg  Shows  I^j^,*^"**  which  they  are  derived.  These 
masses  of  epithelium,  two  oi   winch  contain  large 

cell-nests  (  x  15).  processes  invade  the  comma  and 

deeper  tissues,  joining  each 
other,  or  crossing,  or  becoming 
connected  by  frequent  transverse 
bars  of  cells.  In  them,  some- 
times in  large  numbers,  some- 
times only  a  few  in  number,  are 
observed  the  cell-nests,  or  epidermic  globes  so  characteristic  of  the  disease.  These 


nests  are  formed  of  one,  two,  or  more 
Fig.  18. — Epithelioma  (Squamous-celled  Car- 
cinoma) of  the  Tongue,  showing  masses  or 
cylinders  of  epithelial  cells,  hut  not  the  in- 
260). 


tervening  substance  (  x 


central  cells,  often  of  colloidal  aspect, 
surrounded  by  a  few,  or  many,  layers  of 
flattened  scale-like  cells,  sometimes  so 
thin  and  closely  pressed  together  tlrat 
they  look  like  fine  concentric  lines. 
The  signification  of  the  cell-nests  has 
been  variously  interpreted,  but  they  are 
probably  due  to  an  extraordinary 
activity  of  certain  cells,  or  groups  of 
cells,  which  either  press  asunder,  and 
flatten  the  surrounding  cells,  or,  per- 
haps, as  Dr.  Growers  1  has  described  of 
the  nest-celled  sarcomas,  multiplying 
quickly  by  endogenous  formation,  form 
layer  upon  layer  of  crescentic  cells. 
Each  crescent  corresponds  with  the 
remains  of  a  cell  in  which  another  has 
been  formed.  Similar  cell-nests  are 
formed  in  other  morbid  structures  than 
epithelioma,  in  papilloma  for  example ; 
and  they  exist  even  in  normal  epidermis.2  Yet  there  can  be  no  question  that  they  are 
very  characteristic  of  epithelioma,  from  which  they  are  seldom,  perhaps  never,  absent, 
and  in  which  they  are  often  very  numerous,  and  bard,  and  scaly.  The  cells  of  which 
the  processes  are  composed  often  differ  markedly  from  the  normal  epithelium  :  they 
vary  in  size  and  shape,  are  often  elongated  or  furnished  with  processes,  are  sometimes 
notched  or  fringed,  and,  in  place  of  a  single  small  nucleus,  contain  either  a  large 

1  Loc.  cit, 

2  In  the  epidermis  of  the  tongue  exquisite  specimens  of  cell-nests  may  often  he  dis- 
covered. 
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nucleus,  or  several  nuclei,  or  even  smaller  nucleated  cells.  These  features  of 
epithelioma  are  described  in  detail,  because,  as  will  be  seen  presently,  they  may  be 
important  in  diagnosis.  The  alveolar  structure  is  not  usually  expressed  ;  the  tissues 
between  and  around  the  epithelial  processes,  are  infiltrated  with  small  cells. 

The  squamous  carcinomas  are  found  in  all  parts  which  are  covered  with  squa- 
mous epithelium,  and  are  frequently  observed  where  skin  and  mucous  membrane 
meet.  They  occur  about  the  face  or  body  ;  frequently  on  the  lower  lip  and  tongue  ; 
on  the  penis  and  scrotum  ;  on  the  vulva,  and  at  the  anus ;  on  the  palate  and  tonsils, 
and  in  the  antrum  ;  in  the  larynx  and  oesophagus.  More  rarely  they  are  seen  in 
epithelial-lined  cavities,  as  in  sebaceous  cysts,  or  cysts  of  the  mammary  gland.  The 
frequency  with  which  they  occur  at  the  anus,  on  the  lower  lip  and  tongue,  and  in  the 
oesophagus,  has  led  to  the  belief  that  epitheliomas  are,  more  than  other  carcinomas, 
liable  to  be  produced  by  frequent  irritation  or  slight  degrees  of  violence.  They  are 
known  to  affect  scar-tissues  by  preference,  both  of  the  skin  and  mucous  membranes, 
and  they  are  developed  not  uncommonly  from  warts  and  moles.  The  disease  attacks 
persons  of  any  age  after  thirty  years,  but  is  rarely  seen  in  persons  under  thirty.  It 
is  more  common  in  males  than  in  females. 

Epithelioma  often  commences  as  a  crack  or  fissure,  and,  in  whatever  fashion  it 
begins,  almost  invariably  ulcerates.  Often  there  is  no  definite  tumour,  but  merely  a 
layer  of  induration  around  the  base  and  edges  of  the  ulcer.  The  disease  is  never  sur- 
rounded by  a  capsule,  but  appears  on  section  as  a  white,  opaque  substance,  from 
which  small,  yellowish  plugs  can  be  expressed,  and  with  a  slightly  frayed  or  dentated 
margin.  Occasionally  the  softer  forms  of  epithelioma  resemble,  in  their  general  cha- 
racters, soft  carcinoma,  but  this  is  rare.  More  often  the  surface  of  an  epithelioma  is 
warty  or  papillary,  but  less  regularly  so  than  the  surface  of  a  simple  papilloma. 
The  local  extension  of  epithelioma  resembles  that  of  other  forms  of  carcinoma,  and  in 
some  situations  is  very  rapid — in  the  tongue,  for  example,  whence  it  spreads  to  the 
jaw  and  floor  of  the  mouth,  destroying  the  bone  and  loosening  the  teeth.  In  other 
parts,  as  in  the  lip  and  scrotum,  it  is  very  slow,  and  often  makes  less  progress  in 
years  than  does  epithelioma  of  the  tongue  in  as  many  months. 

The  glands  are  always  affected  by  epithelioma  of  the  lip,  the  tongue,  the  oesopha- 
gus, the  penis,  scrotum,  and  the  vulva,  the  tonsils  and  the  palate,  and  the  skin  of 
many  parts.  But  epitheliomata  of  the  antrum  and  of  the  skin  of  the  upper  portion 
of  the  face  (some  cases  of  rodent  ulcer)  do  not  appear  to  cause  enlargement  of  them. 
The  affection  of  the  glands  associated  with  disease  of  the  tonsils  and  the  tongue  is 
very  early  ;  that  depending  on  epithelioma  of  the  lip  generally  so  late,  that  years 
may  elapse  ere  it  occurs. 

Dissemination  appears  to  be  less  common  of  squamous  carcinoma  than  of  the 
other  forms  of  carcinoma ;  but,  occasionally,  it  produces  secondary  tumours  of  the  liver, 
lungs,  kidneys,  suprarenal  bodies,  and  other  parts.  The  simultaneous  occurrence  of 
two  or  more  primary  epitheliomas  is  rare,  whether  of  the  same  part  or  of  different 
parts  of  the  body. 

The  diagnosis  of  epithelioma  is  much  more  easy  than  is  commonly  supposed,  that 
is  of  epithelioma  of  all  those  parts  in  which  the  disease  can  easily  be  reached,  and  in 
which  ulceration  has  occurred.  For,  although  upon  the  face  it  often  closely  resembles 
lupus  and  rodent  ulcer,  and  in  the  tongue  and  other  parts  syphilitic  and  tuberculous 
ulcers,  a  scraping  from  the  surface  of  the  ulcer  will  generally  suffice  to  dissipate  all 
doubt.  Groups  of  distorted  epithelial  cells,  such  as  have  already  been  described,  are 
always  present,  and,  in  most  instances,  cell-nests  or  portions  of  cell-nests.  With  these 
are  mingled  pus  and  blood-corpuscles,  and  debris  of  food,  with  micrococcus  and  other 
parasitic  masses.  Of  course,  such  an  examination  is  in  many  instances  superfluous. 
The  age  and  sex  of  the  patient,  the  situation  of  the  disease,  the  induration  round  the 
ulcer,  with  other  circumstances,  render  doubt  impossible. 

Cylindrical-  or  columnar-celled  carcinoma  has  generally  been  described  as  a 
variety  of  epithelioma,  but  it  is  difficult  to  understand  the  reasons  for  such  a  course. 
The  disease  originates  from  cylindrical  epithelium,  either  from  that  lining  glands,  or 
from  that  covering  the  surface  of  mucous  membranes,    The  arrangement  of  the 
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structures  of  the  tumour  frequently  resembles  that  of  the  tubular  glands  in  or  near 
which  the  tumour  grows.    In  the  most  malignant  and  quickly  growing  tumours  the 

But  it  is  so  perfect  in  the  less  malig- 
nant and  more  chronic  tumours, 
that  sections  of  them  cannot  be  dis- 


glandular  arrangement  is  not  well  expressed 
Fig 


19. — Cylindrical-celled  Carcinoma  of  the 
Rectum;  after  Cripps  (  x  60). 


tinguished  from  sections  of  cylin- 
drical adenoma.  There  are  no 
cell-nests  or  epidermic  globes.  The 
disease  attacks,  primarily,  the  rec- 
tum, and  other  portions  of  the 
intestine,  and  the  uterus.  It  is 
said,  also,  to  occur  in  the  air-pas- 
sages, the  milk-ducts,  and  the 
urinary  bladder;  but  I  have  not 
seen  it  in  either  of  these  parts. 
The  most  typical  examples  are 
found  in  the  lower  portion  of  the 
rectum.  It  grows  there  either  as 
a  diffused  submucous  tumour  which 
presently  ulcerates,  or  as  a  villous 
or  papillary  growth  protruding 
into  the  interior  of  the  bowel.  It 
never  is  encapsuled,  but  infiltrates 
the  adjacent  structures  after  the 
manner  of  its  congeners.  Its  growth  is  often  slow,  and  affection  of  the  glands  is  long 
delayed.  But  dissemination  may  occur  in  the  liver  and  lungs,  and  more  rarely  in  the 
bones.  The  secondary  tumours  present  characters  almost  precisely  similar  to  those 
of  the  primary  disease. 

Colloid  carcinoma. — It  is  not  improbable  that  colloid  carcinoma  is  never  a  pri- 
mary disease,  but  that  the  elements  of  one  of  the  other  forms  of  carcinoma  undergo 
a  colloid  transformation,  and,  if  all  colloid  cancers  do  not  thus  arise,  there  can  be  no 
doubt  that  this  is  the  manner  in  which  many  of  them  are  formed.  The  method  of 
the  transformation  may  often  easily  be  traced  in  individual  cells,  which  become 
swollen  and  partly  filled  with  a  transparent  drop  of  colloid  material,  which,  increas- 
ing in  size,  expands  the  protoplasm  of  the  cell,  until  it  assumes  a  crescent  shape  or 

.  ,  the  form  of  a  signet-ring.    Sections  of 

Ftg.  20.— Colloid  Carcinoma  of  the  Breast        ....        .         °         .  °  , 

(  x  '?G0)  colloid  carcinoma,  examined  microscopi- 

cally, present  a  decided  alveolar  struc- 
ture. 

The  walls  of  the  alveoli  are  formed 
of  fibrous  tissue,  generally  close  set,  and 
sharply  defined,  and  the  contents  are  a 
transparent  substance,  marked  with  con. 
centric  lines  or  rings  of  dots,  and  con- 
taining cells  or  groups  of  cells.  The 
alveolar  structure  is  evident  to  the 
naked  eye,  whence  the  name  alveolar 
cancer ;  and  from  the  alveoli  ooze  out 
the  jelly-like  contents,  so  that  it  has 
been  also  called  gelatiniform  cancer. 

Colloid  carcinoma  most  frequently 
occurs  in  the  walls  of  the  stomach  and 
the  large  intestine,  in  the  omentum,  and 
less  frequently  in  the  breast.  Its  growth 
is  usually  slow,  and  its  malignancy  is,  perhaps,  less  expressed  than  that  of  other 
carcinomas  of  the  same  parts ;  peculiarities  which  are  said  to  be  due  to  degeneration 
of  the  cells. 
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Whether  the  colloid  degeneration  is  limited  to  carcinoma  is  uncertain,  but  it  is 
extremely  probable  that  sarcomas  are  liable  to  a  similar  degeneration.  Thus,  the 
Pathological  Transactions  1  contain  a  case  of  multiple  malignant  disease  of  the 
bones,  bearing  the  characters  of  colloid  cancer,  yet  apparently  primary  of  bone,  and 
therefore  sarcomatous. 

Villous  and  melanotic  carcinomas. — The  section  on  carcinoma  would  not  be  re- 
garded as  complete  unless  some  allusion  were  made  to  these  two  varieties.  The 
melanotic  may  be  at  once  dismissed  with  the  statement  that  it  is  not  usual  for 
carcinomas  to  be  pigmented,  and  that  the  pigmentation,  when  it  occurs,  does  not  in 
any  way  affect  their  other  characters  or  progress. 

The  term  villous  has  been  applied  to  two  very  different  conditions — to  a  soft 
carcinoma,  the  surface  of  which  has  become  ragged  or  frayed  out,  and  to  carcinomas 
which  present  the  true  villous  or  dendritic  mode  of  growth.  The  former  application 
of  the  term  is  incorrect,  and  true  villous  or  dendritic  carcinomas  are  extremely  rare, 
most  of  the  tumours  thus  described  being  either  papillomas  or  sarcomas. 

Almost  all  the  tumours  formerly  called  osteoid  cancers  are  sarcomas,  either 
ossifying  or  calcifying. 

The  treatment  of  carcinoma,  of  whatever  kind,  must  have  for  its  object  the  com- 
plete removal  or  destruction  of  the  disease.  Where  the  part  in  which  the  carcinoma 
is  admits  of  complete  removal,  this  should  be  performed,  as,  for  instance,  of  the  eye, 
the  breast,  and  testis  ;  and  care  shoidd  be  taken  to  remove,  also,  skin  which  is 
adherent  or  which  seems  to  be  becoming  so.  Where  the  situation  of  the  disease 
admits  of  the  removal  of  an  area  of  surrounding  healthy  tissues,  this  should  invari- 
ably be  done.  Glands  may  be  removed,  even  if  many  of  them  are  enlarged.  And 
sometimes  it  is  desirable  to  remove  the  primary  disease,  and  leave  behind  affected 
glands  which  lie  beyond  the  reach  of  operation,  in  order  to  relieve  the  patient  of  a 
painful  tumour.  For,  provided  a  carcinoma  can  be  very  freely  removed,  local  re- 
currence is  comparatively  rare.  The  results  of  operation  are  widely  different,  not  so 
much  for  different  kinds  of  carcinoma,  as  for  the  tumours  of  different  parts.  Thus, 
carcinomas  of  the  scrotum  and  lowei  lip  may  be  removed  with  the  best  prospect  of 
success ;  those  of  the  testicle  and  tongue  with  much  less  hopeful  prospect.  But, 
wherever  the  disease  is  situated,  there  can  be  no  question,  if  removal  is  to  be  per- 
formed, that  it  should  be  early  and  very  free.  Small  epitheliomas  of  the  face  may 
be  destroyed  by  the  application  of  a  caustic — nitric  acid,  or  the  chloride  of  zinc, 
being  commonly  employed  for  this  purpose.  And,  for  patients  who  object  to  the  use 
of  the  knife  or  who  are  not  fit  subjects  for  cutting  operations,  even  tumours  of  con- 
siderable bulk  may  be  removed  from  the  breast  and  similar  parts  by  the  use  of 
Vienna  paste  or  of  asbestos  (finely  powdered),  mixed  with  three  times  its  weight  of 
strong  sulphuric  acid,  and  applied  in  the  manner  described  by  Dr.  William  Bell.2 

For  epitheliomas  of  the  tongue  the  galvano-caustic  loop  is  often  employed,  heated 
to  a  dull  red  heat.  It  is  used,  however,  not  to  destroy  the  tumour,  but  to  cut 
through  the  tongue.  The  continuous  electric  current  has,  on  the  other  hand,  been 
used  to  destroy  cancerous  growths,  or  to  produce  decomposition  of  them,  but  with- 
out remarkable  success.  In  the  course  of  the  past  ten  years  two  drugs  have  been 
strongly  recommended  for  their  fancied  power  of  arresting  or  curing  cancerous 
diseases — condurango  root  and  Chian  turpentine.  I  am  afraid  it  must  be  said  of 
both  of  them  that,  with  respect  to  this  particular  virtue,  they  are  absolutely  useless. 

Although,  for  various  reasons,  operation  may  not  be  admissible,  it  must  not  be 
supposed  that  the  disease  is  therefore  incapable  of  benefit  by  treatment.  It  may  be 
palliated,  both  by  local  and  constitutional  means.  Locally  by  the  application  of 
cooling  and  soothing  lotions,  as  those  of  lead  and  opium  to  unbroken  tumours.  Or, 
by  an  amadou  plaster  for  protection,  or  a  covering  of  cotton-wool  to  preserve  from 
change  of  temperature.    And,  when  the  skin  is  broken,  and  a  cancerous  ulcer  has 

1  Path.  Trans,  vol.  xxii.  p.  206,  1871. 

2  Michel's  Process,  for  Removing  External  Tumours.  London.  Longman,  Green,  &  Co. 
1871. 
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formed,  a  simple  ointment  or  carbolic  oil  may  be  employed,  and  every  care  be  taken 
to  keep  the  tilcer  clean  and  sweet.  Often  the  chief  difficulty  in  the  management  of 
such  cases  is  to  correct  the  fetor-.  For  this  purpose  frequent  cleansings  with  Condy's 
fluid  or  carbolic  lotion  should  be  employed,  and  dressings  of  carbolic  or  sulphurous 
acids  of  different  strengths,  or  chloride  of  zinc,  or  finely-powdered  iodoform  and  oxide 
of  zinc  (one  part  in  four  or  five).  Poultices  may  also  be  used  with  advantage,  of 
which  bread  mixed  with  charcoal  is  perhaps  the  best.  In  one  case  in  which  the 
stench  was  most  distressing,  pervading  the  whole  house  in  which  the  patient  lived, 
Billroth  1  found  a  poultice  of  figs,  prepared  with  milk,  so  efficacious  that  the  patient 
was  enabled,  until  her  death,  which  took  place  some  months  later,  to  receive  her 
friends  with  perfect  comfort,  and  even  to  visit  places  of  entertainment  so  long  as  her 
strength  permitted  it.  Haemorrhage  may  be  arrested  by  the  pressure  of  a  pad  of  lint 
and  strapping,  or  a  bandage,  or  by  the  application  of  a  pellet  of  wool  dipped  in  solu- 
tion of  perchloride  of  iron,  or  in  the  liquor-  ferri  persulphatis. 

Constitutional  treatment  should  be  of  two  kinds,  that  intended  to  support  the 
strength,  which  need  not  differ  from  that  used  for  a  similar  purpose  in  other  lowering 
diseases;  and  that  intended  to  alleviate  the  pain.  Opium,  morphia,  and  chloral  may 
be  freely  used  in  any  preparation  which  is  most  agreeable  to  the  patient,  and  in  the 
smallest  dose  which  is  found  sufficient  for  the  purpose.  The  dose  must,  of  course,  be 
large  enough  to  allay  the  pain,  and  must  be  measured  by  the  reqirirements  of  the 
patient  rather  than  by  what  we  are  accustomed  to  consider  large  and  small  in  other 
cases.  It  will  be  needful  to  increase  it  as  the  patient  becomes  habituated  to  the 
sedative  which  is  being  used. 

James  Paget,  1860. 
Charles  H.  Moore,  1870. 
Henry  T.  Butlin,  1882. 


1  Cuccubacteria  Septica,  introduction.    Berlin,  1874. 
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(CONTUSIONS  are  the  injuries,  other  than  wounds  and  fractures,  which  are  pro- 
)  duced  by  blows  or  sudden  pressures.  The  term  may,  as  a  surgical  title,  include 
all  such  injuries,  in  their  widest  degrees  of  difference,  from  a  simple  bruise  to  an 
utter  crushing  of  a  part.  It  may  include  such  injuries  in  internal  as  well  as  in  ex- 
ternal parts,  but  is  commonly  and  will  be  here  employed  for  external  parts,  the  con- 
tusions of  the  brain  and  spinal  cord  being  included  under  concussions,  and  those  of 
other  internal  parts  being  usually  named  ruptures  or  lacerations.  The  typical, 
being  the  most  frequent,  instance  of  a  contusion  is  the  common  '  bruise  '  of  skin  and 
subcutaneous  tissue. 

The  states  of  parts  recently  contused  may  be  studied  in  (1)  their  proper 
textures ;  (2)  in  their  blood-vessels  and  blood,  and  other  extravasated  or  exuded 
fluid. 

1.  In  the  slighter  degrees  of  contusion  the  textures  suffer  only  a  concussion, 
shaking,  or  jarring  ;  a  disturbance  which  may  produce  no  visible  change,  except  the 
effect  of  the  rupture  of  blood-vessels  and  effusion  of  fluid.  Thus  it  is  in  ordinary 
slight  bruises. 

In  severe  contusions  the  damaged  structures  are  broken ;  there  may  be  visible 
ruptures  of  muscles,  blood-vessels,  and  other  soft  parts;  splittings  of  the  connective 
tissue  between  adjacent  structures  ;  and,  especially,  splittings  of  the  subcutaneous 
tissue,  and  separations  of  it  from  the  fascia?,  or  other  parts  beneath  it.  These  last- 
named  injuries  are,  perhaps,  the  most  common  of  those  produced  by  heavy  blows, 
and  are  those  to  which  the  chief  external  signs  of  severe  contusions  are  due. 

In  the  extreme  degrees  of  contusion,  the  par  ts  are  thoroughly  crushed.  In  a 
part  thus  damaged,  the  muscles  and  other  soft  parts  may  be  so  broken  and  crushed 
that,  with  the  extravasated  blood,  they  make  a  mere  pulp ;  and  such  parts  as  hold 
out  and  look  entire,  among  which  the  skin,  nerves,  and  tendons  are  most  often 
found,  are  yet  damaged  beyond  recovery  and  perish  in  the  gangrene  which  is  the 
usual  result  of  these  extreme  injuries.  In  crushings  such  as  these,  even  the  ele- 
mental structures  of  parts  may  be  broken,  and  minute  fragments  of  muscular  fibres 
are  easy  to  find  among  the  materials  of  the  pulp. 

2.  The  injury  done  to  blood-vessels  in  contusions  is  very  difficult  to  ascertain. 
Sometimes  ruptures  of  vessels  are  visible,  but  more  often  the  extravasation  of  blood 
is  the  only  evidence  of  the  existence  or  extent  of  such  rupture.  And  this  evidence 
is  not  exact ;  for,  with  the  blood,  there  is  more  or  less  of  blood-stained  fluid,  the 
diffusion  of  which  makes  the  extravasation  appear  greater  than  it  is. 

Other  things  being  equal,  the  quantity  of  blood  extravasated  would  depend  on 
the  size  and  number  of  the  ruptured  blood-vessels.  But  many  things  make  the 
quantity  vary.  The  more  lax  the  textures  of  or  adjoining  the  injured  part,  the 
more  copious  the  extravasation ;  witness  the  bruises  on  the  eyelids,  scrotum,  and 
labia.  The  constitution  of  the  patient  has  much  influence.  In  scurvy,  and  the  so- 
called  hasrnorrhagic  diathesis,  even  slight  blows  may  produce  serious  extravasations 
of  blood  ;  and  many  persons,  especially  pallid,  fatty,  soft-skinned  women,  though 
suffering  with  no  evident  disease,  are  sxrbject  to  extravasations  very  dispro- 
portionate to  the  injur  ies  that  cause  them.  As  they  say,  '  the  least  touch  bruises 
them.' 

The  escape  of  blood  and  the  effusion  of  serous  fluid  in  a  contused  part  may  cease 
in  a  minute,  or  less ;  or  it  may  continue  for  two  or  moe  days,  although  there 
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may  be  no  reason  to  believe  that  a  large  blood-vessel  is  ruptured.  In  rare  cases, 
even  many  days  after  contusion  with  extravasation,  a  fresh  bleeding  may  ensue, 
such  as  might  be  called  secondary  subcutaneous  haemorrhage. 

The  blood  extravasated  is  of  dark  venous  colour,  or  becomes  so  while  stagnant 
in  the  tissues ;  but  it  may  be  brightened  in  parts  permitting  the  penetration  of  air, 
as  in  bruises  of  the  conjunctiva,  which  are  usually  scarlet  or  bright  crimson.  The 
blood  is  commonly  infiltrated  among  the  structures  of  the  injured  part;  or,  many 
small  clots  may  be  scattered  among  them,  with  infiltration  of  blood,  and  blood- 
stained, or  variously  coloured,  serous  fluid;  or,  nearly  all  that  is  extravasated  may 
be  collected  in  one  or  more  large  clots,  which  may  after  some  long  time  again 
become  liquid ;  1  or,  perhaps,  very  rarely  the  extravasated  blood,  not  clotting,  may 
remain  liquid  in  a  cavity  left  by  the  separated  tissues.  The  causes  of  these  dif- 
ferences are  unknown  ;  the  consequences  will  be  considered  hereafter. 

The  signs  of  recent  contusions,  which  are  most  general  and  characteristic,  are 
some  degree  of  shock,  pain,  swelling,  and  ecchymosis,  or  bruise. 

The  shock  has  in  it  nothing  peculiar  to  this  kind  of  injuries.  Generally,  and 
without  referring  to  injuries  of  internal  organs,  it  is  proportionate  to  the  amount  of 
damage  sustained.  Contusions  of  certain  parts,  as  the  testicles,  the  large  joints,  and 
the  breasts,  are  often  followed  by  remarkable  feebleness  of  pulse,  sensations  of 
sinking,  tendency  to  syncope  and  to  vomiting,  and  great  temporary  loss  of  muscular 
power. 

The  first  morbid  sensation,  after  that  which  is  felt  at  the  blow,  is,  usually,  a 
numbness  of  the  injured  part;  and  the  severer  the  hurt,  the  longer  this  may  con- 
tinue. But,  unless  the  part  is  killed,  numbness  gives  place  to  pain,  which  is 
commonly  described  as  of  a  dead,  heavy,  aching  kind.  In  the  muscles,  the  pain  is 
attended  with  more  or  less  loss  of  power,  and  is  greatly  increased  when  they  are 
made  to  contract ;  in  the  nerves,  it  is  attended  with  tingling,  or  sensations  of 
burning,  both  at  the  place  of  injury  and  in  their  distribution  ;  in  the  testicles  and 
other  parts  above  mentioned,  the  pain  seems  to  be  a  chief  cause  of  the  more  intense 
shock  that  accompanies  their  contusions.  When  only  the  softer  structures  are  con- 
tused, the  pain  is  not  usually  associated  with  much  tenderness,  it  may  even  be  alle- 
viated by  pressure  and  friction  :  but  the  contrary  is  more  frequent  in  bruises  involv- 
ing the  periosteum  and  other  fibrous  structures,  and  those  of  joints.  In  these  parts, 
also,  the  pain  and  tenderness  are  usually  of  much  longer  duration. 

Swelling,  generally  follows  quickly  the  violence  by  which  a  part  is  contused. 
First,  some  depression  or  indentation  may  be  seen,  with  softening  of  the  injured 
tissues  ;  but,  by  their  elasticity,  they  soon  recover  from  this  state,  and  then  are 
raised  with  more  or  less  of  swelling.  One  of  the  best  examples  of  this  swelling  is 
the  bump  that  so  quickly  follows  a  blow  on  a  child's  head.  It  is  due  partly  to  ex- 
travasation of  blood,  but  much  more,  in  ordinary  cases,  to  the  rapid  afflux  of  blood, 
and  exudation  of  fluid  from  the  vessels,  in  the  stricken  part.  The  process  of  exuda- 
tion is  probably,  in  this  case,  the  same  as  that  by  which  a  joint  severely  stricken  is 
quickly  filled  with  fluid.  A  similar  swelling  from  contusion,  and  attended  with 
little  or  no  extravasation  of  blood,  is  in  the  wheal  that  rises  after  a  lash  with  a  whip. 
In  loose-textured  parts,  as  the  eyelids,  this  swelling  is  often  considerable,  and  may 
remain  for  a  week,  or  more  ;  in  other  parts  it  visually  subsides  in  two  or  three  days, 
or  less  ;  and  if  later  swelling  ensue,  it  is  probably  due  to  inflammation  of  the  injured 
part. 

Ecchymosis,  or  bruise,  when  the  consequence  of  blows  or  crushing  of  parts,  is 
due  to  their  being  infiltrated  with  blood  or  blood-stained  and  serous  fluids,  of  which  the 
colour  is  seen  through  the  cuticle.  These  fluids  cannot  be  collected  from  the  tissues 
in  which  they  are  infiltrated,  but  can  be  seen  tingeing  them;  and  are,  doubtless,  the 
same  kinds  of  fluid  as  those  which  fill  the  vesicles  and  bullae  so  often  seen  in  the  neigh- 
bourhood of  fractures  (especially  those  of  the  tibia  and  ulna),  attended  with  much 
contusion  of  soft  parts.  The  common  basis  of  all  the  diverse-looking  fluids  appears 
to  be  serum,  nearly  pure  or  with  suspended  blood-cells,  and  dissolved  colouring- 

1  Baker,  in  St.  Bartholomew's  Hospital  Reports,  18G7. 
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matter  ;  and  according  to  the  proportions  in  which  these  are  present,  so  is  its  tint 
more  or  less  deep  and  like  to  that  of  venous  blood,  or  scarcely  darker  than  healthy 
serum.  Where  very  small  quantities  of  colouring- matter  are  present,  and  the  fluid 
is  collected  in  widely-separated  spaces  of  loose  connective  tissue,  it  may  remain  like 
the  contents  of  a  serous  cyst.  Such  cases  are  sometimes  described  as  '  traumatic 
hydroceles,'  a  name  which  would  not  be  less  ill- applied  to  the  large  vesicles  over 
seats  of  fracture. 

The  colours  of  ordinary  recent  ecchymosis  from  blows  are  various  shades  of 
purple,  tending  on  the  one  hand  to  black  or  blue,  on  the  other  to  crimson  or  pink, 
and  with  these  are  mingled  shades  of  yellow,  pale  brown,  and  green ;  dependent, 
apparently,  on  the  quantity  of  effused  serum  and  its  mingling  with  fluids  of  other 
colours.  Blackness,  usually  indicating  intense  injury,  is  probably  due  to  the  extra- 
vasation of  a  large  proportion  of  entire  blood  ;  crimson  or  pink  tints  to  the  preva- 
lence of  blood-stained  fluid  ;  blue  to  the  degrees  in  which  blackness  is  veiled  by  the 
cuticle  and  skin,  as  the  colour  of  blood  in  veins  is  ;  and,  perhaps,  some  of  the  shades 
of  pink  to  the  partial  aeration  of  the  blood,  by  the  penetration  of  air  through  the 
epidermis. 

After  a  variable  time,  proportionate  to  the  severity  of  the  injury,  the  darker 
colours  fade  out,  and  leave,  or  give  place  to,  gradually  lightening  shades  of  brownish- 
olive,  green,  and  yellow. 

The  changes  usually  commence  at  the  borders  of  the  ecchymosis,  and  thence 
proceed  to  its  centre,  but  with  so  little  uniformity  that  the  commonest  appearance  of 
a  fading  bruise  is  motley. 

The  very  changes  on  which  some  of  these  varieties  of  colour  depend  are  not 
known.  Thev  are  not  generally,  if  ever,  observed  in  bruises  of  parts  removed  from 
air  and  light.  In  a  limb  with  ecchymoses  of  all  shades  at  its  surface,  those  in  the 
muscles,  periosteum,  and  other  deep-seated  tissues,  are  either  black,  or  crimson,  or  of 
some  of  those  pinkish  or  yellowish  tinges,  through  which  blood-clots  in  vessels  pass 
in  their  gradual  decoloration ;  they  are  not  blue,  or  olive-coloured,  or  green.  And 
in  the  ecchymosis  of  the  conjunctiva,  the  scarlet  of  which  contrasts  strongly  with  the 
'  black-eye  '  in  the  eyelids,  the  fading  tint  is  usually  only  yellow. 

The  time  at  which  an  ecchymosis  becomes  externally  visible  after  injury  varies 
with  the  depth  of  the  effusion.  If  it  be  at  the  surface  of  the  skin,  the  ecchymosis 
may  be  almost  instantly  visible,  or  may  become  so  in  a  few  minutes.  In  deeper 
injuries,  days  may  elapse,  and  the  ecchymosis  may  then  appear  at  some  distance 
from  the  injury,  and  not  directly  over  it,  as  it  more  commonly  does  ;  and  may,  from 
its  first  appearance,  have  only  the  paler  green  and  yellow  colours.  In  like  manner, 
as  if  with  gradual  diffuse  infiltration  of  coloured  fluid,  a  superficial  ecchymosis  may 
go  on  extending  in  all  directions  for  many  days ,  extending  not  only  by  wider 
diffusion  but  by  continuous  effusion  of  fluid  from  the  injured  vessels;  just  as  the 
vesicles  and  bulla?  over  fractures  may  go  on  for  several  days  increasing  in  both  size 
and  number. 

The  foregoing  observations  on  ecchymoses  relate  to  cases  in  which  blood  and 
bloody  and  serous  fluid  are  infiltrated,  and  in  which  they  are  not  perceptible  to  the 
touch.  When  the  blood  is  all  in  one  clot,  or  in  a  liquid  state  enclosed  in  a  cavity, 
there  may  be  no  visible  ecchymoses,  or  only  some  around  the  extravasated  blood,  but 
the  blood  may  be  detected  by  the  touch.  When  liquid,  and  among  soft  parts,  it  may 
be  felt  as  a  fluctuating  swelling,  usually  very  soft  and  flaccid,  like  liquid  in  a  half- 
empty  bladder  (haematoma).  When  thus  extravasated  over  bones  near  the  surface 
(as  those  of  the  vault  of  the  skull),  the  blood  commonly  feels  like  a  circumscribed 
swelling,  soft  at  its  centre,  hard  at  its  border ;  and  the  depth  to  which  the  centre 
may  be  pressed-in  often  makes  it  seem  as  if  the  bone  were  depressed.  But,  with  the 
deepest  pressure,  the  bone  may  be  felt  at  its  right  level.  In  many  of  these  cases, 
too,  the  blood  pressed  to  and  fro  gives  to  the  fingers  a  peculiar  vibratory  sensation 
(called,  by  some,  crepitation),  like  that  of  fluid  in  certain  bursse  and  sheaths  of 
tendons. 

When  contusions  are  not  complicated  with  other  injuries,  and  when  the  hurt 
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parts  do  not  slough  or  inflame,  their  effects  usually  terminate  with  the  absorp- 
tion of  the  extravasated  fluids,  and  the  recovery  of  the  tissues  from  whatever  injuries 
they  may  have  sustained.  The  r  epair  of  the  tissues  is  usually  so  complete  that,  after 
even  severe  contusions,  such  as  those  which  accompany  fractures,  no  traces  of  their 
injury  can  be  seen.  The  liquid  parts  of  the  blood,  when  infiltrated,  are  generally 
absorbed  quickly.  The  blood-cells  and  other  materials  of  clots  are  very  slowly 
removed.  Sir  J.  Paget  found  the  blood-cells,  in  the  little  ecchymoses  of  leech-bites, 
unchanged  a  month  after  their  extravasation,  and  small  clots  and  diffused  blood  in  the 
neighbourhood  of  simple  fractures  scarcely  changed  at  the  end  of  five  weeks.  The 
larger  the  clot,  the  slower  is  its  removal ;  and  the  extreme  of  slowness  is  found  in 
the  collections  of  extravasated  blood  that  remain  or  become  wholly  or  in  great  part 
liquid.  In  these  cases,  which  are  most  frequent  in  contusions  of  the  loins,  nates, 
and  other  parts  with  extensive  and  loose  subcutaneous  tissue,  the  blood  may  remain 
for  many  weeks  with  apparently  little  change.  If  let  out,  while  recent  and  liquid, 
it  will  generally  coagulate  like  ordinary  blood ;  if  left,  it  may  be  gradually  absorbed, 
or,  decomposing,  may  excite  active  inflammation.  The  boundaries  of  the  space  in 
which  blood  is  thus  long  retained  may  become  firmly  defined,  and  cyst-like ;  capable, 
perhaps,  of  secreting  serous  fluid  which  may  mingle  with  the  blood  within  them ; 
certainly  capable,  after  inflammation,  of  granulating  and  assuming  all  the  characters 
of  the  walls  of  an  abscess. 

There  is  sufficient  reason  to  believe  that  blood  extravasated  in  a  contusion  may 
be  organised ;  acquiring  the  characters  of  connective  tissue,  becoming  vascular, 
taking  part  in  the  repan-  of  the  injured  tissues,  or  in  the  thickening  and  induration 
that  remain  when  the  repair  is  incomplete.  For  although,  so  far  as  we  are  aware, 
this  process  has  not  been  traced  after  simple  contusions,  yet  evidence  of  it  may  be 
found  in  blood  extravasated  near  fractures,  in  the  clots  in  tied  or  injured  vessels,  and 
in  not  a  few  other  instances.  Nevertheless  it  is  not  probable  that  this  organising  of 
blood  is  frequent  after  contusions ;  and  the  more  exact  the  researches  that  are  made 
the  less  reason  is  there  found  to  adoj)t  the  belief  that  blood  extravasated  in  a  con- 
tusion can  become  a  tumour  of  any  kind.  Contusions  are,  indeed,  sometimes 
followed  by  the  growth  of  tumours,  but  the  event,  if  we  compare  its  frequency  with 
that  of  contusions,  might  almost  be  called  infinitely  rare  ;  and  there  is  no  instance  in 
which  any  of  the  stages  of  transition  have  been  traced  between  the  materials  of  extra- 
vasated blood  and  those  of  a  cancer  or  any  other  tumour.  It  may  be  added  that, 
even  if  such  transitions  could  be  traced,  a  yet  greater  difficulty  would  remain 
unexplained,  namely,  the  power  of  continuous  growth  possessed  by  the  new  materials. 

In  some  cases,  especially  when  the  contusion  is  severe,  or  the  extravasation  very 
large,  or  the  general  health  of  the  patient  unsound,  the  contused  part  becomes 
actively  inflamed ;  the  blood  appeal's  to  act  as  a  foreign  body  ;  probably,  being  mixed 
with  the  products  of  inflammation,  it  dies  ;  and  the  usual  result  is,  that  it  is  ejected 
with  suppuration.  The  abscess-cavity  (as  that  which  contained  the  extravasated 
blood  has  now  become)  generally  continues,  for  many  days,  to  discharge  blood-stained 
pus ;  but  at  length  it  assumes  the  ordinary  characters  and  progress  of  a  common 
abscess.  The  probability  of  suppuration  ensuing  is  greatly  increased,  if  the  con- 
tusion be  accompanied  with  an  external  wound,  however  small.  Indeed,  the  exist- 
ence of  such  a  wound  commonly  makes  the  same  difference  in  the  progress  of  a 
contusion  as  in  that  of  a  fracture ;  a  difference  sufficiently  important  to  justify 
the  use  of  the  name  '  compound  ecchymosis '  with  meaning  similar  to  that  of  com- 
pound fracture. 

Sloughing,  as  a  consequence  of  contusion,  has  been  considered  in  another  place 
(Gangrene,  p.  131 ). 

Complete  recovery,  as  already  stated,  is  the  ordinary  termination  of  contusions. 
Yet  certain  prolonged,  or  permanent,  ill  consequences  may  be  not  rarely  noticed. 
Sometimes  the  injured  subcutaneous  tissue  hardens  and  contracts,  forming  a  kind  of 
subcutaneous  scar,  marked  by  a  dimple  in  the  skin.  In  some  organs  (chiefly  the 
breast  and  the  testicle),  abscess  may  ensue  long  after  a  bruise ;  more  often  an  in- 
durated lump  remains,  consisting  apparently  of  hardened  and  contracted  c;land-tissue, 
and  often  exquisitely  sensitive.      Still  more  commonly,  a  blow  on  the  breast  is 
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followed  by  long-continuing  pain  and  tenderness,  without  change  of  texture.  Blows 
on  the  skull  and  other  superficial  bones  are  sometimes  followed  by  persistent,  cir- 
cumscribed, and  very  painful  thickenings  of  the  periosteum.  A  muscle  violently 
struck  may  be  paralysed,  and  then  may  rapidly  waste.  A  nerve  similarly  injured 
or  crushed  may  remain  paralysed,  or  become  the  source  of  extreme  pain  or  other 
morbid  sensations  And  any  contused  part  is  likely  to  become  the  seat  in  which 
any  constitutional  disease  present  at  the  time  of,  or  soon  after,  the  injury  will  localise 
itself :  witness,  the  apparent  election  of  bruised  joints  or  muscles  for  the  local  attacks 
of  gout  and  rheumatism,  and  of  bruised  bones  for  syphilis  or  struma.  Even  small- 
pox will  be  more  thickly  confluent  over  a  recent  bruise  than  over  any  other  part. 
Probably,  the  growth  of  cancerous  and  other  tumours  in  bruised  parts  belongs  to  the 
same  class  of  facts. 

The  treatment  of  recent  simple  contusions  of  the  less  severe  degrees  needs  but 
few  words.  Left  to  themselves,  in  the  quietude  necessary  for  avoiding  pain,  natural 
recovery  will  ensue.  But  the  clearing-up  of  the  swelling  may  be  hastened,  and 
ecchymosis  may  be  diminished  or  prevented,  by  certain  stimulant  applications,  the 
best  of  which,  except  for  gouty  persons  and  those  with  very  irritable  skins,  seems  to 
be  the  tincture  of  arnica.  When  the  skin  is  thick,  this  may  be  gently  rubbed  in  on 
the  bruised  part,  undiluted  ;  with  thinner  skin  it  should  be  diluted  with  an  equal 
quantity  of  water.  Or,  it  may  be  applied  constantly,  as  a  lotion,  if  diluted  with 
about  ten  times  as  much  water.  The  dilute  liquor  plumbi  subacet.  forms  an  excellent 
application  when  combined  with  glycerine,  one  part  to  nineteen.  Other  means  for 
the  same  purpose,  which  have  the  testimony  of  popular  reputation,  are  Friar's 
balsam,  Biga  balsam,  and  poultices  made  with  roots  of  black  briony  beaten  into  a 
pulp.  These,  and  all  other  local  stimulants,  such  as  the  compound  soap-liniment, 
probably  act  by  accelerating  the  circulation  through  the  bruised  part,  and  the 
absorption  of  the  fluid  on  which  the  early  swelling,  and,  in  slight  bruises,  the  greater 
part  of  the  ecchymosis,  depend. 

In  more  severe  and  in  complicated  contusions  other  treatment  may  be  necessary. 
In  severe  cases,  with  much  breaking  or  crushing  of  the  tissues,  the  parts  should  be 
kept  warm,  both  for  comfort's  sake,  and  because  cold,  by  further  retarding  the 
circulation,  increases  the  risk  of  sloughing,  or  of  destructive  inflammation.  Wrappings 
with  cotton. wool,  or,  better,  with  lint  thoroughly  soake  d  in  oil,  or  antiseptic  oil,  are 
among  the  best  means ;  covering  the  part  with  warm  poultices  of  linseed,  or  of 
linseed  and  bread,  is  good.  The  design,  however  it  may  be  fulfilled,  should  be,  to 
combine  rest  of  the  injured  part  with  uniform  warmth  and  the  exclusion  of  air. 

The  treatment  of  the  extreme  cases  of  contusion  has  been  described  with  that  of 
traumatic  gangrene. 

In  cases  of  excessive  effusion  of  blood  from  contusion,  ice  should  be  applied,  and  the 
injured  part  be  raised,  so  long  as  there  appeal's  any  tendency  to  increased  swelling. 

When  the  extra vasated  blood  remains  in  large  clots,  or  in  liquid  collection, 
friction  and  kneading  will  probably  accelerate  its  removal  by  diffusing  it  in  the 
surrounding  parts  ;  and,  if  need  be,  such  treatment  should  be  continued  very  long. 
If  there  seem,  after  very  long  treatment,  no  prospect  of  the  blood  being  removed, 
it  may  be  let  out.  This  should  be  done  by  aspiration  or  antiseptic  incision.  If  this 
fail,  or  if  the  blood  be  for  the  most  part  in  clots,  it  is  best  to  make  a  very  free 
opening  and  let  the  cavity  suppurate,  and  treat  it  as  an  abscess.  An  abscess  may 
be  avoided  by  the  antiseptic  treatment.  Bat  these  means  are  very  rarely  necessary ; 
in  the  vast  majority  of  cases,  the  extravasated  blood  is  naturally  cleared  away,  even 
though  its  quantity  may  have  been  increased  by  secondary  subcutaneous  haemorrhage. 

The  inflammation  that  follows  quickly  after  the  less  severe  contusions  rarely 
requires  special  treatment.  That  which  ensues  later,  and  is  connected  with  changes 
in  the  clots,  is  so  sure  to  end  in  suppuration,  that  it  may  be  treated  as  for  the 
formation  of  abscess ;  and  the  abscess  resulting  should  be  freely  opened,  and  daily 
washed  out,  till  all  the  blood-clots  are  removed.  Thenceforward  its  course  will  be 
that  of  an  ordinary  abscess.  James  Paget,  1870. 

John  Croft,  1882. 
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Definition. — Wounds  are  the  divisions,  or  solutions  of  continuity,  of  soft  parts, 
produced  by  direct  mechanical  violence. 

Classification. — Wounds  are  divided  primarily  into  open  wounds,  in  which  the 
outer  part  of  the  wound  is  at  least  nearly  as  extensive  as  that  through  the  deeper 
tissues,  and  into  subcutaneous  wounds,  in  which  the  outer  part  of  the  wound  is  very 
small  in  comparison  with  the  deeper  part. 

In  each  of  these  kind  of  wounds,  but  especially  in  open  wounds,  a  further  division 
is  made  into — 1.  Incised  wounds,  such  as  incisions  and  excisions;  2.  Punctured 
wounds,  as  stabs,  pricks,  or  punctures  ;  3.  Contused  wounds,  or  those  combined  with 
bruising  or  crushing  of  the  divided  parts  ;  4.  Lacerated  wounds,  in  which  the  divi- 
sion is  effected  by  or  combined  with  tearing  ;  5.  Poisoned  wounds,  including  all  into 
which  any  poison,  venom,  or  virus  is  inserted. 

Wounds  are  still  further  divided  into  simple  and  complicated.  Many  wounds, 
moreoyer,  are  such  as  cannot  be  precisely  assigned  to  any  of  these  classes. 

1.  Simple  open  incised  wounds,  such  as  are  made  intentionally  by  the  surgeon 
or  accidentally  by  clean  sharp-edged  instruments.  Three  things  are  to  be  noticed 
about  them,  viz.  gaping,  bleeding,  and  pain. 

Gaping  of  wounds. — The  retraction  of  the  edges  of  an  incised  wound  varies 
greatly  in  different  soft  tissues,  being  most  in  skin  and  least  in  cartilage.  The 
retraction  of  divided  skin  depends  on  its  elastic  tension,  on  its  muscularity,  and  on 
the  state  of  the  parts  beneath  it ;  and  each  of  these  may  vary.  Longitudinal  wounds 
of  the  limbs  and  trunk  gape  less  than  transverse  lesions  of  the  same  parts.  In  flap 
amputations  the  edges  of  the  skin  become  everted  before  the  stump  is  dressed, 
but  in  wounds  of  the  face  they  rather  become  inverted.  As  a  general  rule,  a  skin 
wound  will  gape  or  retract  more  widely  than  that  of  any  other  structure.  Some 
structures  compressed  by  the  retracting  skin  appear  to  project  from  the  wound, 
such  as  soft  fat  and  mammary  gland.  In  penetrating  wounds  of  the  abdomen,  por- 
tions of  omentum  may  protrude  and  be  tightly  buttoned,  as  it  were,  through  the  edges 
of  the  wound  in  the  peritonaeum.  The  e version  of  the  mucous  membrane  of  a 
wounded  intestine  through  the  opening  in  its  peritonaeum  is  an  event  of  the  same 
kind. 

The  bleeding  from  an  incised  wound  depends,  as  to  its  quantity,  on  many  condi- 
tions ;  chiefly,  on  the  size  of  the  blood-vessels  divided,  on  their  number  in  proportion 
to  the  extent  of  the  wound,  and  on  their  connections  with  surrounding  parts.  Be- 
sides, the  personal  peculiarities  of  the  patient,  and  the  health  or  disease  of  the 
wounded  port,  may  have  great  influence.  It  might  be  supposed  that,  at  the  instant 
after  division,  every  vessel  would  bleed  with  a  stream  equal  to  its  own  calibre  :  but, 
when  one  watches  how  little,  if  any,  blood  flows  from  a  wound  except  in  distinct  and 
visible  streams,  it  seems  evident  that  of  the  crowds  of  vessels  that  are  seen  in  well- 
injected  specimens  of  the  tissues,  nearly  all  must  close  during  or  instantly  after  their 
division.  The  mechanical  irritation  of  the  knife,  probably,  excites  the  muscular 
tissue  of  both  the  arteries  and  veins  to  this  contraction  ;  and  it  is  assisted,  in  open 
wounds,  by  the  contact  of  the  air ;  and  in  all  wounds  by  the  release  of  many  of  the 
capillaries  and  veins  from  the  pressure  of  the  blood,  which  ceases  to  be  supplied  to 
them  in  full  quantity,  when  the  arteries  related  to  them  are  divided.  Whatever 
hinders  this  contraction  of  the  vessels  prolongs  and  increases  the  bleeding.  Hence 
the  occasionally  large  bleedings  from  comparatively  small  vessels  traversing  or  con- 
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nected  with  tough,  close  textures,  such  as  the  small  arteries  in  or  near  aponeuroses 
and  fasciae,  or  in  the  more  compact  parts  of  the  skin,  e.g.  of  the  face.  So,  in  inflamed 
parts,  or  in  those  near  the  seats  of  active  disease ;  the  dilated  vessels  bleed  largely 
and  long  when  divided,  because  of  the  loss  of  contractile  power  in  their  muscular 
coats. 

Gradually,  with  or  without  surgical  help,  all  the  vessels  divided  by  a  wound 
are  closed  and  cease  to  bleed  :  the  larger  being  often  aided  to  this  end  by  their  retrac- 
tion among  the  looser  textures,  and  by  the  coagulation  of  the  blood  within  or  over 
their  orifices,  and  by  the  diminution  of  the  heart's  force  with  the  increasing  loss  of 
blood.  Coincidently,  the  flowing  blood  becomes  gradually  brighter  and  paler.  And, 
if  the  wound  be  left  open,  after  pure  blood  has  ceased  to  flow,  there  is  an  oozing 
of  blood-tinged  serous-looking  fluid  ;  and  this  is  gradually  succeeded  by  a  paler  fluid, 
some  of  which  collects,  like  a  whitish  film  or  glazing,  on  the  surface  of  the  wound. 
It  contains  very  numerous  white  blood-cells,  imbedded,  apparently,  in  a  fibrinous 
film.  Its  relation  to  the  healing  process  will  be  considered  hereafter  (p.  299 ;  and 
further,  on  bleeding  see  pp.  307-8,  and  Wounds  of  Arteries  and  Veins,  and 
Hemorrhage). 

The  pain  of  an  incised  wound  cannot  be  usefully  described,  for  it  is  so  far  pecu- 
liar that  many  of  the  terms  applied  to  it  can  be  intelligible  to  none  who  have  not 
felt  it.  Sharp  and  cutting,  at  its  infliction;  then  for  a  short  time  diffusely  hot  or 
burning  ;  and  then  smarting  till  it  gradually  subsides  into  a  feeling  of  mere  stiffness 
— thus  to  describe  it  may  remind  those  who  have  experienced  it,  but  to  others  may 
teach  no  more  than  a  description  of  colours  to  one  who  is  colour-blind.  Besides, 
there  are  great  differences  in  the  degree,  and  perhaps  also  in  the  kind,  of  pain  felt  by 
different  persons  suffering  with  similar  wounds.  Some  seem  scarcely  sensible  ; 
others  equal  in  fortitude,  suffer  most  keenly.  All  suffer  more,  the  more  their  atten- 
tion is  directed  to  the  pain,  and  the  more  the  mind  has  been  sharpened  by  waiting 
and  fear.  An  unexpected  and  unseen  wound  may  be  unfelt.  There  are  also  differ- 
ences in  both  the  kind  and  the  degree  of  pain  according  to  the  place  and  manner  of 
the  wound.  Thus  in  regard  to  the  skin,  wounds  of  the  face  and  of  the  extremities 
of  the  fingers  and  toes  seem  to  be  among  the  most  painful ;  those  of  the  back  among 
the  least  so  :  wounds  cut  from  within  are  less  painful  than  those  from  without.  The 
skin  appears  far  more  sensitive  to  wounds  than  any  of  the  deeper  structures,  except 
the  nerves  of  sensation  themselves ;  but  any  part  may  become  by  disease,  or  disten- 
sion, highly  sensitive.  A  medical  friend,  who  twice  watched  operations  for  inguinal 
hernia  performed  on  himself,  said  that  none  of  the  pain  surpassed  that  of  dividing 
the  tense  fibres  of  the  aponeurosis  and  the  tight  mouth  of  the  sac.  Periosteum,  also, 
sometimes  shows  acute  sensibility  when  cut ;  so  do  tightened  tendons. 

The  consequences  of  incised  wounds  can  scarcely  be  studied  in  men,  free  from  the 
interference,  for  good  or  evil,  of  treatment.  In  some  cases,  indeed,  even  of  large 
wounds,  they  are  so  trivial  that  they  are  unobserved  ;  yet,  after  the  majority  of  such 
wounds  as  are  made  in  surgical  practice,  changes  ensue,  both  local  and  constitutional, 
which  are  not  necessary  parts  of  the  healing  process,  but  rather  hindrances  to  it. 

The  local  consequences  are  characteristic  of  a  certain  amount  of  inflammation.  In 
an  hour  or  more  after  the  wound  (and,  generally,  the  interval  is  the  longer  the  more 
considerable  the  wound  and  the  greater  the  shock),  unless  the  wound  be  treated  after 
Mr.  Lister's  antiseptic  system,  the  edges  of  the  wound,  and  the  parts  adjacent  to  it, 
become  swollen  and  more  sensitive ;  they  feel  hot  and  stiff,  heavy  or  aching,  and  are 
more  tender  when  touched;  the  sutures  (if  any  have  been  put  in)  become  tighter; 
and  the  edges  of  the  wound,  or  of  the  spaces  between  the  sutures,  if  not  secured, 
gape  open,  because  of  the  swelling  and  uprising  of  the  subjacent  structures.  All 
these  consequences  of  wounds  may  be  best  seen  on  the  face ;  where,  also,  the  chief 
cause  of  the  swelling  is  often  evident,  in  the  serous-looking  fluid  by  which  the  skin, 
especially  of  the  eyelids,  is  puffed  up. 

In  ordinary  well-doing  cases,  these  signs  of  inflammation  continue  from  one  to 
three  or  four  days,  and  then  spontaneously  subside.  The  shorter  their  duration,  the 
more  perfect  the  healing.    Their  longer  duration  usually  indicates  disease  or  some 
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abiding  source  of  irritation  at  the  wound,  and  will  be  considered  among  the  complica- 
tions of  wounds  (p.  311). 

Of  the  general  consequences  of  wounds  the  first  is  the  shock.  In  small  incised 
wounds  none  may  be  observed  ;  and  when  in  any  case  it  does  occur,  it  is  scarcely 
possible  to  say  how  much  depends  on  the  wound  itself,  and  how  much  on  the  cir- 
cumstances in  which  it  was  inflicted,  or  on  the  pain  and  fear  and  loss  of  blood.  But 
the  whole  of  this  subject  is  treated  in  another  place  (Collapse). 

Reaction. — The  intensity  of  the  shock  commonly  determines  the  time,  and,  in  a 
less  degree,  the  intensity,  of  the  reaction  which,  in  the  ordinary  course,  immediately 
follows  it.  In  some  cases,  indeed,  even  after  severe  wounds  and  much  depression,  the 
reaction  does  not  go  beyond  the  recovery  of  the  natural  standard  of  the  heart's 
action  and  of  other  functions.  The  patient  merely  recovers,  and  may  have  no  fever 
or  other  signs  of  general  disorder ;  and  the  repair  of  the  wound  may  make  un- 
hindered progress.  But  in  far  more  numerous  cases  of  considerable  wounds,  and 
especially  in  those  that  are  not  well  closed,  the  reaction  passes  this  normal  limit  : 
the  pulse  and  breathing  become  more  rapid,  the  former  in  a  greater  ratio  than  the 
latter,  particularly  when  there  has  been  much  loss  of  blood  ;  the  pulse  also  is  gener- 
ally fuller  or  harder  ;  the  skin  is  flushed  and  feels  hot ;  thirst  is  increased,  and 
appetite  lessened ;  the  water  of  the  urine  is  diminished ;  the  bowels  are  inactive ; 
the  tongue  usually  white-coated,  large,  and  moist ;  the  sleep  is  short  and  often 
disturbed. 

The  duration  of  this  state  of  feverish  reactiou  or  traumatic  fever  is  variable,  and 
bears  no  definite  proportion  to  the  severity  of  the  injury ,  or,  so  far  as  is  yet  known, 
to  any  of  the  events  connected  with  it.  Not  rarely  it  subsides  within  twenty-four 
hours ;  more  often,  after  large  wounds  (as  those  of  amputation),  it  continues,  with 
little  diminution,  for  three  or  four  days,  and  then  gradually  subsides ;  the  pulse  and 
breathing  returning  to  their  natural  standard,  the  skin  secreting  more  freely  than 
natural,  and  becoming  soft,  and  usually  rather  pallid  and  delicate  in  tint;  the 
muscular  power  remaining  less  than  natural.  The  commencement  of  suppuration  in 
open  wounds  often  coincides  with  the  subsidence  of  the  traumatic  fever,  but  is  no 
cause  of  it ;  for  the  same  series  of  events  commonly  occurs  where  no  suppuration 
takes  place. 

The  continuance  of  signs  of  fever  for  more  than  four  or  five  days  after  an  incised 
wound  argues  the  existence  of  some  abiding  irritation,  or  of  some  morbid  state  com- 
plicating the  injury;  but  it  is  not  usual  for  the  common  and  almost  normal 
traumatic  fever  to  pass  straightway  into  any  worse  form,  such  as  that  of  erysipelas, 
or  pyaemia.  These  may,  indeed,  ensue  during  the  traumatic  fever;  but  they  more 
commonly  occur  at  its  close,  or  after  it  has  subsided,  or  even  in  the  period  of  con- 
valescence. The  liability  to  these  specific  diseases  constitutes  one  of  the  most 
singular,  and  as  yet  unexplained,  characters  of  the  state  of  system  following 
.vounds. 

The  healing  of  open  incised  wounds  may  be  accomplished  in  five  methods,  if  we 
include  those  in  which  the  process  is  assisted  by  treatment :  viz.  (1)  by  immediate 
union  ;  (2)  by  primary  adhesion,  or  union  by  the  adhesive  inflammation  (both  these 
methods  are  often  named  union  by  the  first  intention) ;  (3)  by  granulation,  or  by  the 
second  intention  ;  (4)  by  secondary  adhesion,  or  the  third  intention,  i.e.  by  the 
union  of  granulations ;  (5)  by  scarring  under  a  scab,  the  so-called  subcrustaceous 
cicatrisation. 

Healing  by  immediate  union  consists  in  the  simple  conjoining  or  reunion  of  the 
wounded  parts  :  no  new  material  is  formed  to  connect  them  ;  but  being  placed  in 
contact  and  so  maintained,  they  first  merely  stick  together,  and  then  become  con- 
tinuous. 

The  best  examples  of  this  mode  of  healing  may  be  seen  when  flaps  of  skin  have 
been  raised  by  simple  dissection,  and  then  replaced  on  the  subjacent  parts;  as,  for 
instance,  in  the  removal  of  a  tumour  or  a  mammary  gland.  Within  three  days,  or, 
in  small  wounds,  within  one  day,  the  union  may  be  complete,  and  little  or  no  trace 
may  appear  of  the  line  or  plane  at  which  the  parts  were  separated.    The  process  is 
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so  simple  that  it  is  best  described  by  negatives.  No  sign  of  inflammation  is  ob- 
served ;  no  evident  afflux  of  blood  ;  no  evident  production  of  reparative  material ; 
no  scar ;  and  no  other  conditions  are  required  for  the  process  than  coaptation  of  the 
wounded  surfaces,  and  the  absence  of  inflammation  at  them. 

Healing  by  primary  adhesion,  or  adhesive  union,  is  best  seen  in  the  cut  edges  of 
skin  when  they  are  brought  near  or  into  contact,  and  so  maintained  ;  e.g.  after  the 
operation  for  hare-lip,  or  after  plastic  operations.  Sometimes,  indeed,  such  wounds 
heal,  at  least  in  part,  by  immediate  union  ;  but  more  commonly,  as  the  formation  of 
a  scar  testifies,  they  are  united  by  a  new  material,  lymph,  the  product  of  adhesive 
inflammation. 

The  lymph  in  this  method  of  union  being  formed  on  both  the  cut  surfaces,  and 
probably  exuding  or  growing  alike  from  both,  combines  them.  Very  little,  if  any, 
is  infiltrated  beneath  the  surfaces.  Appearing  to  the  naked  eye  as  a  ruddy  or  a 
pinkish-white,  soft,  and  adhesive  substance,  it  shows  with  the  microscope  cells  like 
those  of  granulations,  in  their  several  stages  of  development.  As  it  organises  itself 
and  becomes  vascular,  receiving  blood-vessels  from  both  the  cut  surfaces,  so  it 
gradually  more  and  more  firmly  connects  them ;  and  it  ends  by  forming  between 
them  a  layer  of  connective  tissue,  covered  with  thin  shining  cuticle. 

The  first  portions  of  this  process,  extending  to  the  time  at  which  the  lymph 
becomes  vascular,  may  be  accomplished  within  forty-eight  hours.  In  the  case  of 
small  wounds,  the  process  begins  almost  immediately  after  their  infliction ;  in  that 
of  large  wounds,  a  period  of  rest  or  inaction  intervenes,  of  which  more  will  be 
said  presently.  The  later  parts  of  the  process  are  comparatively  slow  ;  and  at  the 
distance  of  a  week  or  more  from  the  infliction  of  the  wound,  if  anything  tends  to 
separate  its  edges,  the  lymph  that  unites  them,  being  still  soft  though  very  vascular 
and  not  unhealthy,  will  suffer  gradual  elongation  and  attenuation  till  it  may  finally 
give  way. 

Healing  by  granulation  may  be  exemplified  by  any  incised  wound  left  open  and 
kept  moist.  Such  a  wound  becomes,  as  already  described  (p.  297),  coated,  or,  as  it 
were,  glazed  over  with  a  whitish  film,  containing  abundant  white  blood-cells.  If 
the  surfaces  of  a  wound  thus  glazed  be  brought  together,  they  will  unite,  the  film 
probably  becoming  organised  and  forming  part  of  the  bond  of  union.  If  they  be 
left  open,  the  film  increases,  so  as  to  form  a  thin  greyish  or  yellowish-wbite  layer, 
which  takes  part  in  the  formation  of  granulations. 

But  before  granulations  form,  a  period  elapses,  varying  from  two  to  ten  or  more 
days,  according  to  the  extent  of  the  wound  and  the  tissues  involved  in  it,  in  which  no 
visible  change  occurs  in  the  injured  parts.  Probably,  during  this  period  of  incuba- 
tion, as  it  is  called,  the  blood  is  stagnant  in  the  vessels  for  some  little  distance  from 
the  wound  ;  and  the  renewal  of  its  streams,  and  their  increase  in  size,  by  such  an 
afflux  as  ensues  in  inflammation,  constitute  the  first  visible  step  in  the  healing- 
process.  The  change  in  the  supply  of  blood  may  be  best  seen  on  the  margin  of  cut 
skin,  where  it  commences  in  from  two  to  four  days  after  the  wound ;  or  of  bone, 
where  it  commences  in  cancellous  tissue  in  about  a  week,  and  in  compact  tissue  in 
ten  days  or  more. 

The  first  appearance  of  granulations,  which  may  commonly  be  seen  in  less  than 
a  day  after1  the  appearance  of  increased  vascularity,  is  that  of  a  layer  of  soft  adhesive 
white  or  pale-pinkish  substance  on  the  surface  of  the  wound.  In  another  day  or 
less,  this  may  become  vascular,  with  blood-vessels  growing  into  it  from  those  of  the 
subjacent  parts,  and  then,  while  it  gradually  increases  to  about  a  line  in  thickness, 
it  acquires  all  the  characters  of  granulations — a  bright  ruddy  substance,  soft,  elastic, 
easily  broken,  succulent  and  abundantly  vascular,  granulated  on  its  free  surface, 
and  at  its  attached  surface  intimately  united  with  the  tissue  on  which  it.  is 
placed. 

In  minute  structure,  the  new-formed  granulations  consist  of  cells,  like  those  of 
inflammatory  lymph,  heaped  together  without  apparent  order,  and  connected  by  very 
little  intermediate  substance.  Blood-vessels  with  walls  of  simple  membrane  extend 
into  the  cellular  mass  from  the  subjacent  tissues.    The  largest  vessels  pass  in  lines 
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directed  nearly  straight  towards  the  free  surface  of  the  granulations,  communicating 
on  their  way  by  many  branches,  and  ending  near  the  surface  in  loops  or  arches. 

The  further  stages  of  the  healing  process  consist  in  the  gradual  development 
of  the  substance  of  the  granulations  into  those  of  a  scar,  i.e.  into  fibro-cellular  or 
connective  tissue,  and  a  superficial  layer  of  epithelium.  The  former  is  developed 
progressively  from  the  deeper  to  the  more  superficial  part  of  the  layer  of  granula- 
tions ;  the  latter,  from  the  borders  to  the  centre.  With  the  progress  of  this  develop- 
ment, the  layer  of  granulations  becomes  paler,  drier,  thinner,  and  less  vascular ;  and 
as  the  epithelium  forms  on  it,  it  becomes  smoother,  and  changes  its  ruddy  tint  to  a 
dim  purple  or  pink. 

The  completion  of  the  healing,  whether  by  adhesion  or  by  granulations,  is 
attained  by  the  gradual  improvement  of  the  scar ;  the  connective  tissue  becoming 
more  and  more  like  that  of  original  formation,  both  in  its  own  elemental  structures 
and  in  the  paucity  of  blood-vessels,  and  the  cuticle  becoming  thicker  and  more 
opaque.  Both  structures,  also,  acquire  characters  adapted  to  the  particular  positions 
that  they  occupy.  Thus,  the  scars  of  healed  muscles  and  tendons  are  much  tougher 
than  those  of  healed  skin  :  the  latter,  also,  commonly  acquire  at  length  elastic  fibres, 
and  the  cuticle  of  each  scar  becomes  like  that  of  the  adjacent  skin  ;  and,  even  beyond 
this,  improvement  continues  in  the  gradual  loosening  of  a  scar  from  its  adhesions  to 
surrounding  parts.  This  is  effected,  chiefly,  by  the  changes  ensuing  in  the  tissue 
of  that  part  of  the  scar  which  is  subcutaneous,  and  which  gradually  becomes  looser, 
less  tough,  and  more  occupied  with  fat. 

During  the  whole  period  of  the  development  of  granulations,  and  the  perfecting 
of  the  scar,  a  process  of  contraction  goes  on  which  greatly  accelerates  the  healing. 
Thus,  if  the  healing  of  a  stump  be  watched,  the  healthy  skin  may  be  seen  drawn-in 
and  puckered  before  any  cuticle  is  formed  on  the  granulations,  unless  at  their  very 
margin ;  or,  after  the  removal  of  any  portion  of  the  scrotum,  the  diminution  of  the 
granulating  surface  is  evidently  due  more  to  its  own  contraction  than  to  the  forma- 
tion of  epithelium  on  it.  By  the  same  continued  contraction  new  scars  become 
gradually  more  depressed,  and  shorter,  and  draw  more  closely  together  the  parts  that 
they  unite. 

Again,  while  granulations  are  forming,  and  till  they  are  covered  with  cuticle,  or 
'  skinned  over,'  pus  is  constantly  being  produced  on  their  free  surface,  unless  treated 
by  Lister's  antiseptic  system.  The  earliest  exudations  flowing  from  open  wounds 
are  albuminous  liquids,  nearly  clear,  viscid,  ready  to  dry  into  adhesive  scabs,  and 
containing  comparatively  few  cells.  The  gradual  transition  to  the  characters  of 
genuine  pus  indicates  a  corresponding  progress  in  the  formation  of  granulations,  and 
thenceforward  their  characters  are  mutually  indicative.  Healthy  and  developing 
granulations  always  produce,  and  are  indicated  by,  normal  pus,  i.e.  by  pus  which  is 
creamy,  opaque,  uniformly  liquid,  yellowish-white,  and  sufficiently  abundant  to  cover 
completely  the  whole  surface  of  the  granulating  wound.  On  the  other  hand,  all 
defects  and  diseases  of  granulations  are  attended  with  morbid  characters  of  pus. 

Healing  by  secondary  adhesion,  or,  as  it  may  be  called,  by  the  third  intention,  is 
accomplished  by  the  union  of  two  granulating  surfaces  {e.g.  those  of  two  flaps  granu- 
lating after  amputation)  placed  and  maintained  in  contact.  In  this  state  the  two 
surfaces  simply  unite,  or  else  new  material,  produced  from  either  or  both  surfaces, 
adheres  to  both,  is  organised  into  continuity  with  both,  and  thus  unites  them.  The 
process  is  very  similar  to  that  of  healing  by  primary  adhesion ;  but  in  that  the 
lymph  on  the  cut  surfaces  is  not  developed  into  granulations  before  the  union.  All 
granulations,  however,  will  not  thus  unite ;  they  must  be  healthy,  not  like  those  of 
sinuses,  not  profusely  suppurating,  not  exuberant  or  (Edematous. 

Healing  by  scabbing,  or  under  a  scab,  is  the  most  natural,  and,  in  some  cases,  the 
best  of  all  the  healing  processes.  Very  commonly,  in  animals,  if  a  wound  be  left 
wide  open,  the  blood  and  other  exudations  from  it  dry  on  its  surface,  and  entangling 
dust  and  other  foreign  bodies,  form  an  air-tight  and  adherent  covering  under  which 
scarring  takes  place,  and  which  is  cast  off  when  the  healing  is  complete.  The  exact 
nature  of  the  process  has  not  been  watched  ;  but  it  seems  to  consist  in  little  more 
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than  the  formation  of  cuticle  on  the  wounded  surface,  and  it  has  the  advantage  that, 
as  no  granulations  are  produced,  there  is  little  or  no  contraction  of  the  scar.  In  man 
the  same  process  is  less  frequent ;  it  is  more  apt  to  be  spoiled  by  inflammation 
producing  exudations  under  the  scab,  which  either  detach  it  or  prevent  the  healing 
of  the  surface  beneath  it.  Sometimes,  however,  the  blood  shed  from  a  wound  coagu- 
lates and  dries  on  it,  and  remaining  as  a  scab,  permits  healing  tinder  it ;  or,  if  this 
do  not  happen,  a  similarly  effective  scab  may  be  formed  by  the  serous  fluid  or  lymph 
by  which  the  surface  of  an  exposed  wound  becomes  glazed ;  or,  more  rarely,  the  pus 
of  a  granulating  wound  may  scab,  and  sound  healing  take  place  beneath  it. 

Such  are  the  several  modes  of  healing  of  simple  incised  wounds,  using  them  as  a 
type  of  all  open  wounds.  But,  before  speaking  of  the  treatment  by  which  each  mode 
may  be  favoured,  it  may  be  well  to  indicate  the  nature  of  the  processes  engaged  in  them. 

Nature  of  the  healing  processes. — After  every  wound  there  is  some  tendency  to 
an  inflammatory  process ;  and  in  general  this  is  the  greater  the  larger  the  wound, 
the  longer  its  exposure  to  the  air,  and  the  greater  the  violence  with  which  its  inflic- 
tion is  accompanied  or  followed.  This  tendency  to  inflammation  may  not  proceed 
beyond  an  increased  insensibility  of  the  part  and  an  increased  supply  of  blood. 
There  may  be  no  inflammatory  exudation  or  formation,  and  where  this  is  absent 
there  may  be  the  best  healing.  Or,  where  the  inflammatory  process  goes  on  to  the 
production  of  lymph,  there  it  may  cease  ;  and  the  sooner  it  does  so,  the  better  for  the 
healing. 

Thus,  in  healing  by  immediate  union,  inflammation  is  a  hindrance,  if  it  proceed 
to  exudation  or  proliferation  :  for  no  new  material  is  required  ;  the  divided  parts 
should  simply  and  directly  reunite ;  and  if  any  inflammatory  product  be  formed 
between  or  near  them,  it  either  retards,  or,  at  the  best,  does  not  assist  their  union. 

In  healing  by  adhesion,  an  inflammatory  process  ensues,  and  may  generally  be 
regarded  as  necessary  for  the  production  of  the  new  reparative  material.  But  it 
should  not  go  beyond  this ;  its  continuance  is  a  hindrance  to  that  organisation  of  the 
reparative  material  which  is  essential  to  complete  adhesion. 

So  in  healing  by  granulation.  If  inflammation  be  present  (and  the  lowest  degree 
of  it  is  best),  it  is  only  for  the  production  of  the  first  material  for  granulations. 
Their  organisation  and  continued  healthy  formation  are  retarded,  or  completely  pre- 
vented, by  any  persistent  inflammation. 

For  healing  by  secondary  adhesion,  and  for  that  with  scabbing,  the  absence  of 
inflammation  is  essential. 

The  treatment  of  incised  wounds  may  be  guided,  in  some  respects,  by  these  con- 
siderations. As  a  general  rule,  nothing  should  be  done  by  which  inflammation  may 
be  excited  or  increased.  So  much  as  may  be  useful  for  some  of  the  modes  of  healing 
will  ensue  through  the  violence  of  the  wound  itself ;  more  than  this  can  only  be 
mischievous.  It  may  be  repeated  that  a  primary  traumatic  inflammation  needs  no 
antiphlogistic  treatment.  It  will  spontaneously  subside  and  do  less  mischief  than 
the  intended  remedy  might  do.  The  same  may  be  said  of  the  inflammation  which  may 
ensue  or  increase  three  or  four  days  after  large  wounds,  previous  to  the  production  of 
granulations.  If  inflammation  persist  at  a  wound,  or  be  renewed  during  its  healing, 
it  is  almost  certainly  due  to  some  of  those  complications  of  the  injury  which  will 
have  to  be  considered  in  another  place  (p.  311). 

In  the  treatment  of  all  wounds,  the  position  of  the  part  is  of  some  importance. 
The  chief  rule  concerning  it  is  that  it  should  be  such  as  can  be  maintained  long 
enough  without  great  discomfort.  The  wounded  part  should  be  relaxed  so  that  the 
edges  of  the  wound  may  come  near  or  together ;  no  part,  and  particularly  no  muscle, 
should  be  on  the  stretch.  The  direction  of  the  wound  should  be  such  as  will  allow 
fluids  to  flow  away  from  some  part  of  it.  If  these  conditions  cannot  be  obtained  by 
any  position  of  the  wound,  various  methods  of  drainage,  of  padding,  and  of  bandages 
may  supply  them  ;  but  these  should  never  be  resorted  to  unless  it  is  clear  that 
position  alone  will  not  suffice. 

The  particular  treatment  of  simple  incised  wounds  must  depend,  in  great  part,  on 
the  mode  of  healing  which  it  is  intended  to  promote. 
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Treatment  for  ■primary  union  of  wounds. — If  the  healing  by  immediate  union  or 
by  adhesion  be  designed,  the  following  are  the  chief  things  to  be  looked  to  :  the 
arrest  of  bleeding  ;  the  cleaning  and  drainage  of  the  wound  ;  the  exact  opposition  of 
its  edges ;  their  maintenance  in  this  position ;  the  exclusion  of  the  whole  wound 
from  the  air. 

Arrest  of  bleeding. — Vessels  of  considerable  magnitude  must  be  acupressed, 
crushed  at  their  ends,  twisted  or  tied  by  aseptic  ligatures  of  prepared  gut  or  silk. 
But  all  these  means  are  more  or  less  hindrances  to  exact  and  close  union,  and  should 
be  avoided,  unless  for  the  arrest  of  bleeding  which  is  likely  to  be  really  injurious. 
Small  vessels  will  spontaneously  cease  to  bleed  if  exposed  to  cool  air  or  when  the 
edges  of  the  wound  are  pressed  together ;  and  such  spontaneous  closure  is  more 
favourable  than  any  other  to  speedy  healing.  It  is  desirable  for  the  security  of  such 
healing  that  the  surfaces  of  the  wounds  should  be  completely  clean  of  blood  when 
they  are  brought  together ;  but  it  is  not  essential  that  they  should  be  so.  The  less 
blood  there  is  on  them,  the  better ;  all  clots  and  liquid  collections  of  blood  should  be 
carefully  removed  from  them  :  but  it  is  not  essential  to  stay  for  closing  a  wound  till 
not  a  drop  of  blood  can  be  seen  to  flow.  Of  the  numerous  means  of  arresting  bleed- 
ing from  small  vessels,  those  which  are  least  hostile  to  speedy  healing  are  pure  cold 
air,  pure  water  applied  either  to  the  wound  or  to  its  immediate  neighbourhood,  and 
pressure. 

The  cleaning  of  the  wound  from  all  foreign  matter  should  be  complete ;  and  it 
should  be  accomplished  with  gentleness  and  with  absolutely  aseptic  materials.  The 
escape  of  fluid  exudation  must  be  provided  for,  and  a  drainage  tube  or  tubes  inserted 
at  the  most  dependent  part.  For  the  opposition  of  the  cut  surfaces  and  edges  of 
wounds  the  chief  means  are,  the  various  methods  of  padding  and  bandaging ;  sutures 
and  adhesive  plasters. 

Pads  may  be  usefully  employed  in  many  wounds  attended  with  excavation  •  as 
in  amputations  of  the  breast  or  removal  of  axillary  glands,  or  in  some  flap-ampu- 
tations. Their  utility  is  in  securing  the  contact  of  those  parts  of  wounds  which  are 
out  of  reach  of  sutures,  and  which  would  be  partially,  if  at  all,  compressed  by  plasters. 
They  should  be  made  of  elastic  antiseptic  materials,  fitted  according  to  the  necessity 
of  the  case,  and  retained  in  place  by  prepared  rollers  or  plaster  or  many-tailed  ban- 
dages. 

Sutures,  the  modes  of  applying  which  are  described  in  the  essay  on  e  Minor 
Surgery,'  find  their  chief  utility  in  the  union  of  integuments,  and  for  this  are  valu- 
able far  beyond  all  other  methods.  If  there  are  well-grounded  objections  against 
sutures  of  coarse  silk  or  thread,  none  exist  against  sutures  of  metal  or  of  prepared 
horsehair,  silk  or  gut.  Except  for  very  superficial  wounds,  plaster  (even  assisted  by 
collodion  or  other  similar  materials)  cannot  be  relied  on  for  immediate  or  adhesive 
union.  In  other  cases,  its  chief  value  is  for  supporting  and  compressing  the  deeper 
parts  of  wounds,  and  for  bringing  together  the  parts  intermediate  between  sutures. 

Coverings  of  wounds. — A  simple  incised  wound,  when  its  sides  are  thus  brought 
into  complete  contact,  may  be  left  uncovered.  But,  in  general,  some  covering  is 
advisable  for  even  the  simplest  wounds.  Whatever  is  used  should  be  light,  not 
adhesive,  not  ready  to  undergo  or  to  favour  decomposition,  but  sufficient  to  protect 
the  wound  and  its  exudation  from  dust,  changes  of  temperature  and  friction. 

The  condition  of  exclusion  of  the  wound  from  air  may  be  by  these  several  means 
sufficiently  fulfilled  for  the  speedy  healing  of  most  wounds.  For  some  the  method  of 
Mr.  Lister,  or  a  modified  form  of  it,  should  be  used  :  closing  them  from  the  air,  and 
preventing  the  evils  of  the  admission  of  organic  germs  upon  which  the  decomposition 
of  the  fluids  may  depend,  by  covering  all  the  wound  and  adjacent  parts  with  anti- 
septic dressings.    See  p.  317. 

No  absolute  rule  can  be  laid  down  respecting  the  time  at  which  sutures  and 
other  dressings  should  be  removed  from  a  wound  intended  for  healing  by  adhesion  or 
the  immediate  union.  It  is  among  the  chief  advantages  of  metallic  or  fine  carbolised 
silk  sutures  that  they  excite  so  little  irritation,  that  they  may  be  left  in  their  places 
for  any  time  requisite  to  make  the  union  secure  against  all  probability  of  failure.  It 
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is,  therefore,  rarely  advisable  to  remove  them  before  the  lapse  of  four  days,  and  for 
large  wounds  they  are  better  left  for  seven  or  more;  since,  even  when  there  is 
tendency  to  retraction  of  edges,  the  sutures  will  restrain  and  limit  it  without  doing 
any  damage.  They  may  be  kept  in  as  long  as  there  is  any  hope  of  obtaining  either 
primary  or  secondary  adhesion,  provided  they  do  not  irritate  by  the  tension  which 
they  maintain  or  prevent  the  escape  of  fluids  or  decomposing  products  from  the 
wound.  The  other  dressings  should  only  be  disturbed  for  cleanliness  or  for  the 
purpose  of  examining  the  state  of  the  sutures  and  wound. 

If  at  the  first  dressing  the  union  or  adhesion  of  the  wound  be  in  good  progress, 
the  later  dressings  may  be  few.  Whatever  sutures  are  removed  (and  it  is  seldom 
proper  to  remove  all  at  once)  should  have  their  places  taken  by  strips  of  plaster  or 
by  bandage  :  the  line  of  union  should  be  cleaned  very  gently,  and  should  be  touched,  if 
at  all,  as  carefully  as  an  embryo,  for  such  it  is.  The  union  of  small  wounds  may  be 
deemed  safe  at  the  end  of  a  week,  and  that  of  larger  ones  at  the  end  of  ten  days  or 
a  fortnight.  But.  to  the  last,  recent  scars  are  subject  to  diseases  and  defects  from 
which  they  may  need  to  be  protected  by  gentleness  and  the  maintenance  of  good 
health. 

For  healing  by  granulation. — If  it  be  designed  from  the  first,  the  general  rules 
about  arrest  of  bleeding  and  cleaning  are  to  be  observed.  If  reactionary  haemor- 
rhage be  likely  to  occur,  the  wound  should  not  be  permanently  dressed  until  the 
expiration  of  the  period  for  such  bleeding.  When  its  surface  is  dry,  it  may  be 
covered  with  lint  soaked  in  some  disinfectant,  in  accordance  with  a  modified  anti- 
septic system  or  Mr.  Lister's  plan.  Provision  should  be  made  for  the  thorough 
drainage  of  all  parts  of  the  wound.  This  must  be  borne  in  mind  when  the  edges 
are  being  brought  together,  if  they  are  approximated  by  any  means.  If  the  wound 
be  wide  open  and  excavated,  it  is  good  to  fill  it  with  lint  soaked  in  oil  or  in  an 
antiseptic  solution  which  may  absorb  the  first  exudations.  Over  these  dressings 
oiled  silk  or  other  light  waterproof  material  should  be  spread. 

It  is  generally  desirable  that  whatever  dressing  has  been  placed  in  contact  with 
a  wound  intended  for  granulation  should  be  changed  as  soon  as  the  discharges  have 
soaked  through  or  the  antiseptic  has  become  exhausted.  Dry  dressings  which  are 
likely  to  adhere  to  the  tissues  are  objectionable,  as  they  prevent  the  escape  of  exuda- 
tions and  need  particular  care  to  detach  them.  When  the  surface  of  the  wound  is 
granulating  and  suppurating,  the  essential  things  in  local  treatment  are,  to  ensure 
its  cleanliness  and  freedom  from  all  rough  contact,  and  from  accumulations  of  pus. 
These  may  generally  be  attained  by  daily  washing  with  small  streams  of  warm  water. 
The  granulations  should  not  be  touched  with  anything  solid.  A  large  fine  camel's- 
hair  brush  is  an  excellent  substitute  for  a  sponge.  After  the  cleaning,  which  should 
be  rapidly  performed,  but  without  haste,  lint,  charpie,  or  absorbent  cotton-wool  soaked 
in  oil  or  cerate  should  be  placed  smoothly  and  uniformly  in  contact  with  all  parts  of 
the  granulating  surface,  and  covered  with  oiled  silk,  gutta-percha  tissue,  or  some 
similar  substance.  As  a  rule,  granulating  wounds  should  be  dressed  daily,  and  as 
regularly  watched  to  prevent  or  remedy,  by  pads,  drainage-tubes,  or  other  means,  the 
accumulation  of  pus. 

The  same  methods  of  treatment  may  be  adopted  whether  the  healing  by  granu- 
lation be  desired  from  the  first,  or  whether  it  be  resorted  to  after  the  failure  of  an 
immediate  or  adhesive  union.  In  either  case  the  process  of  granulation  is  liable  to 
hindrances  and  defects  of  various  kinds  ;  but  these,  as  well  as  the  disorders  of  scars, 
which  are  most  frequent  in  those  formed  from  granulations,  will  be  considered  among 
the  '  defects  and  diseases  of  the  healing  process  '  at  the  close  of  this  essay. 

In  the  treatment  for  healing  by  secondary  adhesion  the  single  object  to  be  ful- 
filled is  to  bring  two  granulating  surfaces  into  close,  not  tight,  contact,  and  keep 
them  so.  In  some  cases  (as  after  the  first  failure  of  a  hare-lip  operation)  this  may 
be  done  with  sutures  ;  but,  where  these  are  not  applicable,  as  with  large  granulating 
flaps  after  amputation,  pads  and  bandages  may  be  used. 

To  obtain  healing  under  a  scab,  if  the  wound  be  recent,  the  blood  and  exuded 
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fluids,  or,  if  it  be  granulating  and  suppurating,  the  pus  s  ould  be  exposed  to  the 
air  till  it  dries  on  the  wound,  adhering  to  the  edges  and  surface,  and  completely  ex- 
cluding them  from  air.  The  scab  thus  formed  should  be  lightly  covered  to  protect 
both  it  and  the  subjacent  surface  from  whatever  may  excite  putrefaction  and  inflam- 
mation. For  it  seems  to  be  the  proneness  to  this  morbid  process  which  makes  the 
healing  under  a  scab  precarious,  and  less  generally  attainable  than  one  could  wish  it. 
No  morbid  exudation  should  take  place  under  a  scab  once  formed  ;  everything  of  the 
kind  painfully  compresses  the  wound  and  retards  its  healing. 

In  general,  the  healing  under  a  scab  may  be  allowed  to  take  place  spontaneously. 
But  it  may  be  favoured  by  methods  either  of  so-called  incubation,  by  keeping  the 
wounded  part  in  heated  air,  or  of  ventilation,  by  frequent  blowing  of  it  with  fans  or 
bellows. 

The  scar  formed  under  a  scab  is  commonly  firmer  and  healthier  than  any  other. 
Yet  it  may  need  that  which  all  scars,  even  the  healthiest,  do — namely,  such  a 
covering  as  will  keep  it  from  violence,  sudden  changes  of  temperature,  and  excessive 
moisture.    Cotton-wool,  wadding,  soft  leather,  or  silk,  will  best  fulfil  these  purposes. 

Respecting  the  general  treatment  of  patients  with  incised  wounds,  few  words  may 
here  suffice ;  since,  unless  they  become  the  subjects  of  erysipelas,  or  some  of  those 
diseases  to  which  it  is  a  peculiarity  of  their  state  that  they  are  especially  liable 
(which  diseases  are  described  elsewhere),  the  treatment  may  be  of  the  very  simplest 
kind. 

Preparatory  treatment. — When  wounds  are  to  be  intentionally  made,  as  in 
surgical  operations,  the  rules  as  to  preparatory  treatment  may  be  summed-up  in  the 
principle  that  a  patient  is  in  the  best  state  for  receiving  a  wound  when  he  is  most 
nearly  in  perfect  health.  All  surgeons  seem  to  concur  in  the  opinion  that  it  is  not 
wise  to  reduce  a  patient's  health  by  bleeding,  purging,  or  other  such  means,  in  the 
belief  that  he  is  thus  well  prepared  for  an  operation.  If  a  patient  be  in  good 
general  health,  no  other  preparation  is  necessary  than  a  day's  rest :  if  he  be  ill,  that 
which  is  wrong  should,  if  possible,  be  set  right ;  if  he  have  been  ill-fed,  he  should  be, 
for  a  time,  fed-up  ;  if  he  have  been  intemperate,  he  should  be  reduced  nearer  to 
moderation. 1 

Treatment  of  reaction. — The  shock  and  collapse  which  may  follow  wounds  are 
considered  elsewhere.  The  reaction  and  fever  which  commonly  next  occur  very 
rarely  need  treatment.  Their  natural  tendency  is  to  subside  into  health  :  and 
while,  on  the  one  hand,  there  is  no  advantage  in  increasing  them  by  unusual  stimu- 
lants, there  is,  on  the  other,  no  need  to  try  to  decrease  them  by  purgative  or  other 
medicines.  The  patient  during  the  state  of  reaction  or  of  traumatic  fever  will 
generally  be  averse  from  solid  food,  and  should  not  take  it.  Yet  he  should  be  well 
fed,  on  a  mixed  diet  of  easily  digestible  food  ;  and  if  he  have  been  accustomed  to 
stimulants,  their  quantity  should  not  be  materially  reduced,  unless  the  signs  of  re- 
action or  of  fever  are  strongly  marked.  At  the  subsidence  of  the  fever-symptoms, 
there  appears  to  be  a  period  in  which  erysipelas  and  other  of  the  worse  consequences 
of  wounds  are  especially  apt  to  set  in.  This  period,  therefore,  may  need  close 
watching,  with  the  design  of  increasing  the  quantity  of  stimulus  and  of  food,  if  there 
appear  indications  of  failing  power,  in  a  diminished  force  of  the  pulse,  or  in  restless- 
ness, or  iu  defective  heat.  If  no  such  indications  are  observed,  the  patient  may 
gradually  return  to  his  ordinary  manner  of  living,  cleared  of  whatever  was  im- 
prudent in  it,  and  modified  according  to  the  different  habits  to  which  his  wound  may 
compel  him.  At  any  time  after  a  wound,  opium  may  be  given  in  any  quantity 
necessary  for  sleep  ;  plastic  operations  on  the  perinseum,  after  which  it  is  often 
advisable  to  keep  the  bowels  constipated  for  ten  or  more  days  with  opium,  show  that, 
even  in  this  constant  and  large  use,  it  does  not  interfere  with  healing,  or  with  any 
of  the  ordinary  favourable  sequences  of  wounds.  And  the  same  cases,  as  well  as 
many  others,  will  show  that  the  quietude  of  the  bowels,  which  so  generally  exists  for 
three  or  four  days  after  an  operation,  or  any  large  wound,  need  not  be  disturbed 
with  medicine.  Urdess  there  be  some  evident  discomfort  from  constipation,  a 
1  See  the  essay  on  the  Treatment  of  Operations. 
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wounded  patient  is  best  without  aperients  :  the  bowels  will  act  spontaneously  in  due 
time. 

Treatment  in  convalescence. — Through  the  period  of  convalescence  after  wounds, 
patients  that  have  been  healthy  will  commonly  need  no  medical  treatment.  If  they 
can  move  about  in  the  air,  they  may  be  on  full  diet,  or  on  such  diet  as  they  have 
been  accustomed  to  ;  but,  if  they  be  confined  in  bed,  or  even  in  the  house,  they  are 
apt  to  be  over-fed,  and  should  be  supplied  more  sparingly.  Especially  this  is  true 
of  such  as  have  required  large  quantities  of  stimulants  in  any  of  the  complications 
of  the  wound  or  of  its  consequences.  Such  stimulants  as  may  have  helped  to  cure 
these  complications  will  only  hinder  convalescence  and  the  healing  of  the  wound. 

The  period  of  convalescence  is  one  in  which  erysipelas  and  such  mischiefs  become 
daily  less  probable ;  but  scurvy,  gangrene,  and  the  consequences  of  syphilis,  struma, 
and  other  constitutional  affections  in  those  who  are  liable  to  them,  may  appear  in 
any  part  of  it.  The  wound  must  therefore  be  watched  for  these,  if  there  be  any 
reason  to  expect  them,  and  appropriate  treatment  be  promptly  resorted  to.  In  like 
manner,  the  defective  powers  of  old  age  are  often  more  manifested  in  the  later  than 
in  the  earlier  periods  of  the  healing  of  wounds.  In  the  old,  the  healing  process 
flags  in  its  last  stages,  and  is  apt  to  need  for  its  completion  ample  stimulants,  both 
general  and  local.  In  the  very  old,  the  last  remnant  of  the  vital  force  is,  as  one  may 
say,  sometimes  exhausted  in  the  repair  of  a  large  wound. 

Having  thus  included  in  the  pathology  of  simple  incised  wounds  the  greater  part 
of  that  of  wounds  in  genera],  it  may  suffice  if  the  account  of  the  other  varieties  of 
wounds  include  only  such  things  as  arc,  severally,  peculiar  to  them. 

Punctured  -wounds  vary  in  their  importance  according,  not  only  to  their  depth  and 
the  structures  penetrated,  but  to  the  instruments  inflicting  them.  If  made  with 
small  sharp-pointed  instruments,  such  as  needles  and  trocars,  they  are  rarely  serious, 
and  usually  heal  by  immediate  or  adhesive  union,  unless  they  involve  blood-vessels, 
or  are  inflicted  on  unhealthy  persons  or  diseased  structures.  They  are  more  serious 
if  made  with  bayonets,  daggers,  and  the  like  ;  and  yet  more  so,  if  made  with  blunt- 
pointed  instruments,  such  as  nails,  forks,  teeth,  &c.  ;  for  by  these  the  injured  parts 
are  not  so  divided  as  that  they  may  retract,  but  are  pressed  aside,  with  much  bruis- 
ing, and  can  close  again  as  soon  as  the  instrument  is  withdrawn.  Herein  lie  the 
chief  peculiarity  and  danger  of  punctured  wounds  ;  because  whether  blood  or  other 
fluids  be  extravasated  into  them,  they  do  not  afford  sufficient  facility  for  escape. 
The  retained  fluids  decomposing,  or  by  their  mere  pressure,  irritate  the  adjacent 
structures,  and  are  increased  by  the  products  of  active  inflammation.  Hence  may 
ensue  deep  and  confined  suppuration,  and  extensive  separation  of  the  tissues  :  mis- 
chiefs which  are  more  especially  apt  to  occur  when  the  punctured  wound  extends 
through  tough  fascia?,  such  as  the  palmar  or  the  plantar,  or  through  muscles  into 
looser  subjacent  structures. 

The  contrast  between  these  worst  punctured  wounds  and  the  subcutaneous  wounds 
which  are  made  in  surgery,  and  which  are  so  rarely  followed  by  any  serious  conse- 
quences, indicates  that  the  chief  source  of  the  evils  of  the  former  is  in  the  bruising 
and  tearing  of  the  injured  parts  rather  than  in  the  peculiar  shape  of  the  wound. 
If  the  wound  has  been  inflicted  by  a  perfectly  clean  instrument,  and  if  no  foreign 
body  has  been  carried  into  the  interior,  the  treatment  may  be  copied  from  that  of 
the  subcutaneous.  Air  and  blood  and  exudation  should  be  pressed  out,  a  pad  should  be 
placed  on  the  outer  wound,  the  deeper  part  should  be  moderately  and  uniformly  com- 
pressed, and  the  part  should  be  kept  at  rest.  If  no  pain  or  swelling  should  ensue, 
the  dressings  may  be  left  till  the  healing  is  complete,  but  in  case  of  pain  ensuing 
after  that  first  caused  by  the  wound  had  ceased,  they  should  be  removed.  This  pain 
will,  probably,  be  found  due  to  inflammation  of  the  deeper  part  of  the  wound  ;  and 
the  probability  is  the  greater,  the  greater  the  time  that  has  elapsed  since  the  wound 
and  the  more  of  oedema  or  general  swelling  that  is  present. 

In  cases  of  inflammation  thus  ensuing,  the  orifice  if  it  be  closed  must  ba  reopened, 
and  in  some  cases  widened,  to  permit  the  escape  of  fluid.   In  any  case  when  suppura- 
Vol.  I.  X 


306 


WOUNDS. 


tion  has  ensued,  if  the  original  puncture  be  not  sufficient  for  the  exit  of  discharge,  it 
must  be  enlaiged,  or  other  openings  must  be  made  in  dependent  suitable  places. 

Some  of  the  worst  forms  of  punctured  wounds  are  those  produced  by  sharp  teeth, 
probably  because  of  the  force  with  which,  as  the  teeth  tend  to  meet,  they  crush  the 
intervening  parts.  Of  these,  it  is  best  not  to  attempt  the  union  ;  they  should  be 
treated  as  contused  wounds  of  the  worst  kind,  and  a  strictly  antiseptic  plan  gives  the 
best  result. 

Contused  wounds  are  those  which,  being  usually  produced  by  blunt  instruments 
quickly  moved,  are  attended  with  evident  bruising  in  the  wounded  parts.  (Gunshot 
wounds,  which  are  of  this  class,  are  described  elsewhere.)  They  are  generally  rough- 
edged  and  irregular  (the  less  so  the  more  swiftly  the  instrument  has  moved),  and 
commonly  they  gape  less  and  bleed  less  than  incised  wounds  of  the  same  extent. 
Very  commonly,  also,  they  are  attended  with  separation  of  the  parts,  especially  of  the 
subcutaneous  tissue,  both  near  and  far  from  them. 

In  the  treatment  of  contused  wounds  it  is  always  a  first  question  whether  it  be 
advisable  to  attempt  their  healing  by  immediate  or  adhesive  union.  No  general 
rule  can  be  given,  for  the  decision  must  depend  on  conditions  peculiar  to  each  case  ; 
yet  it  may  be  said  that,  when  union  is  attempted,  cases  very  often  turn  out  much 
better  than  appeared  likely,  and  that  the  failure  of  the  attempt  so  seldom  does  harm, 
that  it  had  better  be  made  unless  it  is  quite  evidently  hopeless. 

For  the  union  of  contused  wounds,  the  same  rules  may  be  followed  as  for  the 
incised  ;  but  they  especially  need  careful  cleaning,  removal  of  clots,  and  soft  warm 
covering.  There  is  no  good  objection  to  the  employment  of  sutures,  when  the  shaj)e 
and  extent  of  the  wound  do  not  render  them  unsuitable ;  and  the  general  plan  of 
dressing  may  be  the  same  as  for  incised  wounds,  but  with  more  watching  for  the 
supervention  of  deep  inflammation  or  of  sloughing.  The  former  may  be  treated  as 
when  it  occurs  after  punctured  wounds  ;  the  latter  may  almost  always  be  regarded 
as  due  not  to  mere  severity  of  inflammation,  but  to  the  violence  of  the  injury,  or  the 
defective  power  of  the  patient,  or  to  both  combined.  These  are,  indeed,  so  usually 
the  causes  of  sloughing  after  contused  wounds,  that  it  is  very  rarely,  if  ever,  advis- 
able to  reduce  the  circulation  of  a  part  thus  injured,  with  either  cold  or  abstraction 
of  blood. 

When  the  union  of  a  contused  wound  is  not  to  be  attempted,  the  part  should  be 
kept  at  rest,  and,  as  nearly  as  possible,  at  its  natural  temperature.  For  the  latter 
purpose  and  for  protection  an  excellent  dressing  is  lint,  or  cotton  wool,  thoroughly 
soaked  in  olive-oil,  and  completely  fitted  to  the  part.  Dry  cotton-wool  may  be 
applied  over  this,  or  oiled  silk.  Water-dressing  may  be  similarly  applied,  or  warm 
poultices ;  but  they  are  generally  less  comfortable,  and  have  the  disadvantage  of 
needing  more  frequent  change.  Irrigation  is,  in  some  cases,  very  soothing,  especi- 
ally in  ragged  wounds  of  the  extremities,  but  it  should  be  with  tepid  water. 

The  methods  of  the  dressing,  after  the  first,  may  be  in  nearly  every  respect  the 
same  as  for  incised  wounds. 

In  the  case  of  contused  wounds  about  the  face  or  other  parts  in  which  it  is  highly 
desirable  to  avoid  large  scars,  it  is  sometimes  proper  to  cut  off  rough  or  uneven  edges, 
or  such  as  are  likely  to  slough,  and  sometimes  to  dissect-up  flaps  of  skin,  so  as  to 
bring  together  clean  cut  edges  which  may  be  very  closely  united.  But  the  practice 
had  better  be  regarded  as  only  exceptional,  for  the  parts  in  which  small  scars  are 
desirable  are  just  those  that  rai^ely  slouch  extensively  even  when  much  contused. 

Lacerated  wounds,  made  by  rending  or  tearing,  rather  than  by  cutting  or 
breaking,  of  parts,  are  usually  distinguished  by  irregularity,  little  or  no  bleeding, 
and  comparatively  little  pain.  The  first  character  is  probably  to  be  assigned  to  the 
different  elasticities  of  the  structures  torn  through,  permitting  some  to  be  much 
more  stretched  than  others  before  they  give  way  ;  and  the  second  to  the  blood-vessels 
being  pulled  out  before  they  are  torn  across,  so  that  they  are  enabled  freely  and  fully 
to  contract  and  close  their  canals. 

What  has  been  said  of  the  treatment  of  contused  wounds  might  be  repeated  for 
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the  lacerated.  The  chances  of  union  are  not  less ;  the  most  frequent  causes  of  its 
failure  are  the  same,  and  similarly  to  be  guarded  against. 

Poisoned  wounds  owe  their  peculiarities  so  entirely  to  the  substance  by  the  in- 
sertion of  which  they  are  complicated,  that  they  will  be  best  considered  with  the 
general  pathology  of  Animal  Poisons. 

Subcutaneous  wounds  deserve  study  as  a  class  distinct  from  all  others,  not  only 
because  of  their  special  value  in  surgery,  but  because  their  consequences  are,  in 
many  respects,  different  from  those  of  open  wounds  of  the  same  parts.  They  are  ex- 
emplified in  the  wounds  of  tenotomy,  and  other  subcutaneous  operations,  in  which, 
through  smaU  punctures  of  the  skin,  some  deeply-seated  parts  are  more  largely  di- 
vided. Such  divisions  may  be  made  by  simple  cuts ;  but,  like  the  open  wounds,  the 
subcutaneous  may  also  be  contused  or  lacerated,  as  in  those  accidents  in  which, 
through  a  small  external  opening,  a  tendon  is  pulled  out  of  its  muscle. 

Subcutaneous  wounds,  even  of  great  extent,  commonly  heal  with  scarcely  any 
signs  of  inflammation,  and  without  suppuration  or  traumatic  fever. 

This  healing  of  subcnta,neous  wounds  may  be  by  immediate,  or  by  mediate, 
union.  If  the  parts  after  division  do  not  retract,  or  are  placed  and  kept  in  contact, 
they  simply  reunite.  The  process  is  the  same  as  that  for  the  immediate  union  of 
open  wounds  ;  one  description  may  suffice  for  both.  But  when  the  parts  are  drawn 
asunder,  by  their  own  or  other  forces,  the  space  between  them  is  filled  with  repar- 
ative material  which  is  gradually  organised  into  continuity,  and  more  or  less  of 
likeness  with  them. 

The  reparative  material,  which  takes  a  similar  office,  in  the  healing  of  subcu- 
taneous wounds  with  separation  of  parts,  to  that  which  the  material  for  granulations 
takes  in  similar  open  wounds,  is  not  similarly  developed.  At  first  it  appears  as  a 
soft,  moist,  greyish  substance,  with  a  slight  ruddy  tinge.  As  the  healing  makes 
progress,  this  reparative  material  becomes  firmer,  tougher  and  greyer,  and  more 
defined  from  the  surrounding  parts. 

While  these  changes  are  taking  place  in  the  reparative  material,  the  tissues  about 
it  recover  from  the  first  effects  of  the  injury.  Their  blood-vessels  regain  their  normal 
size,  the  fluids  and  products  capable  of  absorption  are  cleared  away,  and  the  several 
structures  regain  their  natural  mobility.1 

The  mediate  healing  of  subcutaneous  wounds  of  soft  parts  other  than  tendons  may 
be  assumed,  but  is  not  known,  to  be  effected  in  the  sanie  manner.  It  is,  however, 
certain  that  after  all  subcutaneous  wounds,  the  healing,  if  it  be  not  disturbed  by 
some  accident  or  disease,  is  achieved  without  the  help  of  any  inflammatory  process, 
and  that  the  materials  of  repair  are  not  usually  developed  through  cell-structures  like 
those  of  granulations. 

The  treatment  of  subcutaneous  loounds  may  be  of  the  simplest  kind.  The  only 
principles  of  treatment  are,  to  give  the  wounded  parts  such  a  position  as  may  be 
comfortably  maintained  and  permit  the  least  retraction ;  to  close  the'  external  open- 
ing with  a  small  pad  or  other  simple  application ;  and  with  a  bandage,  or  any  simple 
means,  to  keep  the  parts  for  a  few  days  at  rast.  Thus  treated,  subcutaneous  wounds 
will  seldom  fail  to  show  the  contrast  between  themselves  and  open  wounds  in  the 
quietude  and  completeness  of  their  healing ;  a  contrast  which  appears  to  depend 
entirely  on  the  one  being  exposed  to  the  atmospheric  air,  and  the  other  excluded 
from  it. 

Complications  ofivounds. — Of  these,  some  are  local,  others  general  or  constitu- 
tional :  among  the  former  the  chief  are,  bleeding,  i.e.  more  than  ordinary  bleeding, 
excessive  pain,  morbid  muscular  movements,  and  the  presence  of  foreign  bodies ;. 
among  the  latter,  defect  or  excess  of  reaction,  traumatic  delirium,  fever,  erysipelas, 
pyaemia,  &c. 

Bleeding,  or  haemorrhage,  as  a  complication  of  wounds,  may  be  in  excess  either  at 

1  The  above  description  of  the  repair  of  divided  tendons  is  taken  from  my  observation  of 
the  process  iu  rabbits.  Mr.  W.  Adams  has  proved,  by  a  valuable  series  of  cases,  that  the 
process  is  in  nearly  every  particular  the  same  in  man.  On  the  Reparative  Process  in  Human 
Tendons,  1860.    [J.  P.J 
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and  continuously  after  the  infliction  of  the  injury,  or,  after  ceasing,  it  may  be  at  any 
time  renewed.  In  the  former  case,  it  is  usually  spoken  of  as  primary,  or  immediate 
haemorrhage :  in  the  latter,  as  secondary.  But  among  secondary  haemorrhages,  it  is 
advisable  to  distinguish  those  which  occur  within  a  day  (or,  in  a  few  cases,  two  days) 
after  the  wound,  from  those  which  occur  later.  The  former  should  be  called  '  re- 
curring; '  the  latter  may  be  especially  called  '  secondary.' 

Nearly  the  whole  of  the  surgery  of  hemorrhages  in  connection  with  wounds  is 
included  in  other  essays  (see  Hemorrhage,  and  Injuries  of  Arteries  and  Veins). 
Here,  only  the  most  general  facts  connected  with  it  will  be  stated. 

The  phenomena  of  primary  haemorrhage  have  been  already  described  (p.  296). 
Recwrrvng  haemorrhage  is  most  likely  to  happen  when  the  patient,  recovering 
from  faintness  or  the  shock  of  an  injury,  regains  that  force  of  the  circulation,  of 
which  the  decrease  had  favoured  the  cessation  of  the  primary  bleeding.  It  appears 
to  be  more  frequent  during  the  process  of  reaction  than  when  reaction  is  completely 
eatablished.  It  may  be  due  to  the  slipping  of  an  ill-applied  ligature ;  but  is  more 
commonly  to  be  referred  to  the  relaxation  of  contracted  vessels,  or  the  removal  of 
clots  which  were  sufficient  to  close  vessels  when  the  circulation  was  feeble,  or  to  the 
too  early  use  of  stimulants  after  wounds.  And  there  are  certain  wounds  in  which 
recurring  haemorrhage  is  peculiarly  apt  to  happen  ;  those,  namely,  which  ai-e  deep 
and  narrow,  and  whose  sides  are  ill  supported  (e.g.  wounds  of  lithotomy  and  those 
through  the  mammary  gland),  and  those  in  which  vessels  in  and  near  fibrous  and 
bony  structures  are  divided  (e.g.  in  amputation  at  joints) ;  those  also  in  the  penis, 
the  tongue,  and  the  groins. 

What  has  been  said  may  indicate  the  cases  in  which  more  than  usual  precautions 
against  recurring  haemorrhage  should  be  taken.  If  there  be  much  reason  to  expect 
it,  even  though  all  care  may  have  been  taken  to  close  every  open  vessel,  the  wound 
should  not  be  closed  till  the  patient's  circulation  has  in  some  measure  recovered, 
unless,  indeed,  it  can  be  so  put  up  as  to  be  in  every  part  well  supported  or  com- 
pressed. If  not  closed,  the  wound  had  better  be  left  free  to  the  air ;  if  closed,  it 
should  be  kept  cold  or  cool,  and  only  allowed  to  regain  its  heat  slowly.  In  any  case, 
if  the  haemorrhage  would  be  quickly  dangerous,  the  wound  should  be  watched  con- 
stantly. If  it  be  so  closed  that  the  blood  cannot  escape  from  it,  the  best  signs  of 
recurring  haemorrhage  will  be  swelling  of  the  parts  about  the  wound,  considerable 
and  increasing  pain,  and,  if  the  bloodshed  be  large,  increasing  feebleness  of  pulse, 
pallor,  restlessness,  coldness  and  dampness  of  the  skin,  of  which  the  patient  himself 
is  not  usually  conscious.  Symptoms  such  as  these  are  more  characteristic  of  a 
recurring  haemorrhage  needing  interference  than  is  a  single  small  or  moderate  escape 
of  blood  from  a  wound  :  for  this  commonly  happens  after  amputations,  as  if  in  the 
swelling  of  the  parts  about  the  wound  the  blood  that  collected  in  it  during  and 
shortly  after  the  dressing  were  emptied  out. 

For  the  trdal/ment  of  recurring  haemorrhage,  if  it  be  to  a  small  extent,  it  may 
suffice  to  put  the  wounded  part  in  an  elevated  posture,  and  apply  cold,  with  ice  or 
cold  irrigation,  over  the  wound,  and  compress  the  supplying  artery.  These  may 
avert  the  necessity  of  opening  the  wound,  if  it  have  been  closed  ;  and  are  very  likely 
to  do  so  if,  as  often  happens,  the  bleeding  be  from  some  re-opened  cutaneous  vessel. 
But  if  they  fail,  and  the  bleeding  be  deep,  the  wound  should  be  opened,  and  cleared 
of  all  its  clot ;  for,  even  though  the  bleeding  be  not  profuse,  it  will  spoil  the  healing 
process.  As  soon  as  the  wound  is  opened,  the  bleeding  is  not  unlikely  to  cease.  If 
it  does  so,  and  no  bleeding  vessels  can  be  seen,  the  wound  should  be  left  open  to 
granulate,  or  at  least  till  it  become  glazed,  when,  if  reaction  be  complete  and  the 
speedy  union  of  the  wound  be  very  desirable,  it  may  be  again  closed.  If,  when  the 
clots  are  removed,  bleeding  vessels  large  enough  for  ligature  or  other  means  of 
closure,  are  seen,  they  must  be  secured  ;  and  the  wound  may  be  closed  again.  If 
the  bleeding  be  from  many  vessels  too  small  for  ligatures,  the  wound  should  be  left 
open  to  the  air ;  or  if  the  air  have  not  free  access,  it  should  according  to  its  shape  be 
filled  or  plugged  with  lint,  antiseptic  if  possible,  made  to  press  firmly  on  its  bleeding 
Burfaces.    In  sumo  cases  (but  they  admit  of  no  general  description)  haemostatics 
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are  necessary,  of  which  the  best  are  alum,  the  perchloride  of  iron,  and  the  actual 
cautery. 

The  danger  of  recurring  haemorrhage  is  generally  past  when  reaction  is  completely 
established  ;  but  when  such  a  haemorrhage  has  much  reduced  the  force  of  a  patient's 
circulation,  there  is  danger  of  its  again  recurring  when  reaction  is  again  in  progress. 
The  same  precautions,  therefore,  are  necessary  against  the  repetition,  as  against  the 
first  event,  of  a  recurring  haemorrhage ;  and  some  of  the  same  measures  must  be 
adopted  for  its  remedy. 

The  later  hemorrhages,  for  which  the  name  of  secondary  haemorrhage  should  be 
reserved,  are  with  very  few  exceptions  clue  to  morbid  processes  in  the  large  vessels 
involved  in  the  wound  or  its  consequences.  A  ligature  may  be  accidentally  separated 
too  earlv ;  or  with  over-feeding,  the  small  vessels  of  the  wound  or  its  granulations 
may  be  over-filled  and  give  way  with  considerable  bleeding  ;  or  bleeding  may  occur 
through  scurvy  or  the  hemorrhagic  diathesis ;  but  with  these  exceptions,  the  second- 
ary haemorrhages  from  wounds  may  be  always  referred  to  sloughing  or  ulceration  of 
the  walls  of  arteries,  or,  much  more  rarely,  of  veins.  So  long  as  a  wound  is  in  good 
progress  of  healing,  in  whatever  stage,  secondary  haemorrhage  is  a  most  improbable 
event  :  its  probability  is  the  greater  in  the  same  proportion  as  the  wound  and  the 
immediately  adjacent  parts  are  prone  to  sloughing,  or  to  ulceration  which  may 
involve  the  blood-vessels,  or  to  morbid  infiltration  and  consolidation  of  the  tissues. 
In  short,  the  blood-vessels  are  ready  to  partake  in  any  of  the  morbid  processes  which 
may  occur  at  a  wound,  and  through  many  of  these  are  in  danger  of  giving  issue  to 
the  blood. 

Thus  all  that  relates  to  secondary  haemorrhage  as  a  complication  of  wounds 
will  be  more  naturally  considered  with  the  diseases  and  injuries  of  arteries  and 
veins,  and  in  the  general  pathology  of  haemorrhage,  to  which  separate  essays  are 
devoted. 

Pain,  as  a  complication  of  wounds,  varies  greatly  in  both  kind  and  import.  In 
some  instances  it  appears  only  as  an  exaggeration  of  the  ordinary  pain  of  wounds, 
severe  and  abiding  long,  through  personal  sensibility  and  so-called  nervousness.  This, 
which  is  usually  continuous  with  the  immediate  pain  of  the  wound,  or  commences 
not  more  than  an  hour  or  two  after  it,  may  be  remedied  by  full  doses  of  opium.  In 
some  cases,  a  wound  is  a  beginning  of  long-continuing  neuralgia  in  or  near  the 
injured  part;  and  such  cases  commonly  resist  all  treatment,  even  that  which, 
considering  their  local  cause,  might  be  thought  a  sure  remedy,  namely,  division  of 
the  nerve  supplying  the  part.  In  some,  again,  a  long-abiding  pain  seems  due  to  the 
partial  division  of  a  nerve,  and  may  be  cured  by  enlarging  the  wound  sufficiently  to 
complete  the  division.  The  same  proceeding  suffices  for  another  occasional  source  of 
unusual  pain  after  wounds,  namely,  the  confinement  of  swelling  parts  under  dense 
fasciae.  Of  course,  if  wounds  become  intensely  inflamed,  or  if  sloughing  or  deep 
suppuration  take  place,  or  if  foreign  bodies  irritate  them,  they  are  generally  morbidly 
painful ;  so  they  are  when  bandages  are  ill-applied,  or  sutures  are  too  tight,  or  the 
injured  part  is  put  in  a  wrong  posture.  But  the  pathology  of  these  cases  is  clear, 
and  they  are  enumerated  only  because,  when  pain  ensues  as  a  complication  of  a 
wotmd,  it  is  well  to  have  in  mind  all  the  conditions  on  which  it  may  depend, 
especially  those  last  enumerated,  which,  in  the  case  of  recent  wounds,  are  the 
simplest  and  most  frequent  causes  of  excessive  pain.  (On  painful  scars,  see  p. 
313.) 

Spasmodic  muscular  movements  are  not  frequent  complications  of  any  wounds, 
except  those  of  amputations.  In  these  cases,  'j limpings'  of  the  limb  or  stump  are 
often  among  the  most  distressing  symptoms.  Similar  movements  often  occur  after 
resections  ;  but  generally  the  stillness  of  muscles  involved  in  wounds  is  more  re- 
markable than  their  morbid  activity.  [Tetanus  is  not  considered  here ;  a  separate 
essay  treats  of  it.] 

Theee  spasmodic  movements,  like  those  which  occur  in  severe  diseases  of  joints, 
especially  of  the  hip  and  knee,  are  mcst  frequent  during  sleep.  Commonly,  as  the  patient 
falls  asleep,  and  the  influence  of  the  will  on  the  muscles  ceases,  he  is  awakened  with 
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a  painful  start  of  the  stump  or  other  wounded  part;  and  the  pain  remains  till  the 
muscles  are  again  at  rest.  Or,  at  any  time,  uncontrollable  quiverings  or  tremblings 
of  the  muscles  ensue,  and  soon  lead  to  painful  spasms  of  them. 

Different  patients  suffer  -very  variously  from  these  spasms;  but  few  escape  them 
after  amputations.  The  remedy  may  usually  be  found  in  careful  posture  and  rest 
for  the  wounded  part.  As  the  similar  spasms  attending  diseased  joints  are  usually 
cured  by  perfect  rest  in  splints,  so  are  those  of  stumps  and  of  resected  limbs.  What- 
ever means,  whether  splints  or  others,  may  be  best  suited  for  each  case,  must  there- 
fore be  employed ;  and  they  may  be  assisted  with  opium. 

Foreign  bodies  may  variously  complicate  wounds,  according  to  their  material, 
size,  and  other  properties.  In  gener  al,  metallic  bodies  and  others  that  are  hardest, 
least  porous,  and  least  ready  to  decompose,  do  the  least  harm.  The  instances  are 
numerous  in  which  pieces  of  these  substances  have  remained  embedded  in  the  tissue s 
for  many  years  after  wounds,  whose  healing  they  seem  not  to  have  hindered.  The 
probability  of  a  foreign  body  thus  remaining  is  the  greater  the  less  the  wound  that 
it  has  made  is  exposed  to  the  external  air,  and  the  less  the  suppuration  which 
it  excites.  Organic  substances,  on  the  other  hand,  and  those  that  are  porous  and 
easily  decompose,  rarely  fail  to  hinder  the  healing  of  wounds  in  which  they  lie,  or 
to  give  rise  to  later  troubles  if  wounds  have  healed  over  them. 

The  consequences  of  a  foreign  body  being  lodged  in  a  wound  are  generally  not 
evident  in  the  early  stages  of  healing,  unless  it  be  in  contact  with  some  very  sensitive 
or  irritable  structure,  the  excitement  of  which  may  attract  attention.  The  effects  of 
a  piece  of  metal  in  the  cornea,  or  of  a  shot  within  the  eyeball,  are  painfully  evident ; 
but  they  have  no  parallel  in  the  immediate  effects  of  foreign  bodies  in  less  sensitive 
parts.  Over  these,  it  is  common  for  wounds  to  heal  completely,  or,  failing  this, 
to  remain  only  as  sinuses  constantly  discharging,  or  frequently  closing  and  re- 
opening. * 

If  a  wound  have  healed,  the  pressure  of  a  shut-in  foreign  body  may  be  suspected 
when  there  is  abiding  pain,  or  tenderness,  at  some  one  spot,  with  occasional  attacks 
of  inflammation  in  or  near  it ;  and  still  more  when  a  circumscribed  hardness  is  felt 
at  the  spot,  and  the  patient  feels  such  pricking  or  cutting  as  the  movements  of  the  foreign 
body  might  produce.1  On  such  suspicion  it  is  often  proper  to  cut  into  the  suspected 
place  and  remove  whatever  irritates  it  :  but  whoever  does  so  in  many  cases,  will  be 
disappointed  in  some  ;  for  all  these  signs  of  the  presence  of  a  foreign  body  may  be 
exactly  imitated  by  a  painful  induration  of  some  deep  portion  of  a  scar.  The  chances 
of  such  disappointment  will  suggest  caution  in  cutting  for  foreign  bodies,  even  when 
patients  are  confident  of  their  presence  ;  but  the  risk  must  be  often  incurred,  and  it 
may  be  so  the  more  readily,  because  the  cutting  will  not  unfrequently  cure  the  pain- 
fulness  of  the  deceptive  induration. 

If  a  foreign  body,  thus  enclosed  by  a  healed  wound,  be  left  in  its  place,  it  may 
become  closely  surrounded  by  healthy  or  indurated  tissue,  and  cease  to  give  trouble. 
This  is  most  likely  to  happen  if  it  be  a  metallic  body ;  especially  if  it  be  of  iron  or 
silver,  and  not  very  sharp.  If  it  be  very  sharp  (as  a  needle),  it  may  '  travel,'  being 
moved  by  the  pressure  of  the  parts  adjacent  to  it,  or  by  its  own  weight.  It  may 
thus  traverse  considerable  distances  and  important  parts  without  damage ;  but  the 
cases  are  not  few  in  which  such  foreign  bodies,  penetrating  joints,  or  blood-vessels,  or 
other  considerable  structures,  have  caused  serious  mischiefs  even  very  long  after  they 
first  entered  the  body.  All  these  cases  corroborate  the  general  principle  of  practice, 
that  a  foreign  body  should  not  be  left,  even  under  a  healed  wound,  unless  it  is  nearly 
certain  that  the  operation  for  its  removal  will  do  more  harm  than  is  likely  at  any 
time  to  result  from  leaving  it. 

The  r  epeated  inflammation  to  which  enclosed  foreign  bodies,  especially  those  of 
organic  str  ucture,  often  give  rise,  usually  indicate  or  lead  to  suppuration,  and  the 
discharge  of  the  for  eign  body  with  the  pus.  This  termination  should  be  encouraged. 
As  soon  as  pus  is  evident,  it  should  be  let  out ;  any  assistance  should  be  given  which 

1  On  the  magnetic  indications  of  the  presence  of  iron  bodies  in  the  tissues,  see  a  paper  by 
Dr.  Bence  Jones,  in  the  Proceedings  of  the  Med.-CMr.  Soc,  vol.  i.  p.  71. 
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may  be  necessary  for  the  removal  of  the  irritating  substance ;  and  what  remains 
should  be  treated  as  an  ordinary  abscess. 

If  the  wound  do  not  heal  over  a  foreign  body,  there  seldom  remains  more  than  a  sinus 
leading  to  the  place  of  lodgment.  Such  a  sinus  (unless  it  lead  into  a  mucous  canal 
or  a  large  cavity)  is  almost  characteristic  of  this  complication  of  a  wound  ;  and  not 
the  less  so  if  it  frequently  closes  at  the  surface,  and  then  re-opens  with  increased  dis- 
charge. Of  course,  the  other  signs  of  the  presence  of  a  foreign  body  may  exist 
together  with  the  sinus ;  and  it  may  be  within  reach  of  a  probe. 

The  removal  of  the  foreign  body,  in  the  quickest  and  most  convenient  manner,  is 
the  one  remedy  for  these  cases.  Slowly,  or  at  once  by  cutting,  the  sinus  must  be 
widened,  till  the  foreign  body  can  be  reached  and  extracted ;  or  if,  as  sometimes 
happens,  it  cannot  be  found,  and  the  sinus  leads  to  an  irregular  track  or  deep  cavity, 
this  should  be  freely  exposed,  and  filled  with  lint  or  some  such  substance,  and  healed 
from  the  bottom.  If  a  foreign  body  be  present,  it  is  almost  sure  to  appear  before 
this  healing  is  complete.1 

The  defects  and  diseases  of  the  healing  process  and  of  scars  remain  now  to  be 
spoken  of. 

The  healing  process  may  be  simply  defective ;  failing  entirely,  or  making  very 
tardy  progress.  Thus,  after  a  plastic  operation,  there  is,  sometimes,  a  simple  failure 
of  union  (the  parallel  of  the  non-union  of  a  fracture) ;  or,  when  a  wound  is  healing 
by  granulation,  its  surface  may  become  dry,  glazy,  pale,  brownish,  and  its  borders 
may  lose  their  proper  ruddiness  and  cease  to  contract. 

It  is  sometimes  impossible  to  assign  the  cause  of  these  failures,  just  as  it  is  with 
some  cases  of  non-union  of  fractures.  They  are  seen,  occasionally,  in  very  young 
children,  e.g.  after  hare-lip  operations  ;  more  frequently  they  occur  in  old  age  or  the 
simple  defects  of  health  which  are  most  like  it.  During  acute  disease,  the  healing  of 
wounds  is  commonly  suspended  or  much  retarded;  but  in  chronic  affections,  even  in 
chronic  pyaemia,  it  is  scarcely  interrupted  5  and  even  in  extreme  exhaustion,  as  after 
haemorrhage  or  long-continued  suppurations,  healing  may  be  perfect  in  both  rate  and 
method. 

The  general  treatment  of  such  merely  defective  healing  must  vary  according  to 
the  general  condition  of  the  patient.  The  local  treatment  must  generally  be  with 
stimulants,  among  which  the  Peruvian  balsam,  unguent  1.1m  resinae,  and  solutions  of  sul- 
phate of  zinc,  are  the  best.  The  part  should  be  kept  dry  and  warm  ;  and  if  the  failure 
of  healing  have  occurred  in  a  wound  intended  for  immediate  or  adhesive  union,  the 
sutures  (unless  they  are  evidently  doing  harm)  should  not  be  removed  so  long  as  even 
the  smallest  hope  of  union  remains.  They  may  assist  in  the  union  by  the  third 
intention,  if  the  earlier  methods  fail. 

Inflammation. — In  any  stage  of  healing,  acute  sthenic  inflammation  may  set  in, 
with  swelling  and  its  other  usual  signs.  But,  unless  it  be  provoked  by  some  evident 
local  irritation,  such  inflammation  becomes  less  probable  as  the  time  from  the  injury 
increases. 

A  more  frequent  form  of  acute  inflammation  affecting  healing  wounds  and  the 
parts  near  them  is  that  of  a  low  type.  It  usually  commences  after  there  has  been  a 
clear  interval  of  recovery  from  the  first  irritation  of  the  wound  ;  and  the  longer  the 
interval,  the  more  nearly  certain  it  is  that  an  inflammation  will  be  of  this  type.  Its 
effects  on  the  healing  process  appear  like  those  of  the  more  active  inflammation. 
Union  may  be  destroyed,  or  its  bond  weakened  by  degeneration  and  lengthened  ;  or 
granulations  may  become  cedematous,  or  in  some  cases  shrunken ;  and  in  place  of 
pus,  thin  serous-looking  fluid  is  discharged ;  or,  new  cuticle  may  be  cast  off.  Com- 
monly, the  swelling  that  attends  this  form  of  inflammation  is  less  than  that  with  the 
sthenic  type ;  the  pain,  also,  is  less ;  the  redness,  if  any  be  in  view,  is  duller  and 
more  dusky,  and  with  a  more  defined  border.  Generally,  too,  the  constitutional 
disturbance,  in  each  case,  corresponds  with  the  type  of  local  inflammation ;  in  the 

1  The  general  or  constitutional  complications  of  wounds  enumerated  at  p.  307  are  treated 
in  separate  articles;  see  Collapse,  Erysipelas,  Py.emia,  Szc. 
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one  having  the  characters  of  acute  fever,  in  the  other  those  of  low  fever  or  of  mere 
want  of  power. 

It  is  of  much  importance  to  distinguish  these  two  forms  of  inflammation  of  wounds 
or  wounded  parts,  because  of  the  different  treatment  which  they  severally  require. 
The  signs  enumerated  above  will  generally  suffice  ;  especially,  the  observance  of  the 
earlier  or  later  time  of  the  setting-in  of  the  inflammation,  which  is  best  indicated  by 
the  beginning  of  pain  and  the  acceleration  of  pulse,  and  the  rise  of  temperature.  If 
the  inflammation  be  active  and  sthenic,  and  perilous  to  the  part  affected  or  to  life, 
active  antiphlogistic  treatment  should  be  immediately  adopted,  and  should  include 
bleeding,  either  local  or  general,  according  to  the  condition  of  the  patient  and  the 
importance  of  the  seat  of  injury.  Moist  soft  applications  to  the  part  are  most 
suitable ;  and  if  the  heat  be  great,  ice,  or  cold  irrigation,  may  be  used  with  good 
effect.  In  the  opposite  type  of  inflammation,  the  remedies  must  be  of  an  opposite 
kind ;  wine  and  bark  are  the  best  among  them ;  and  for  local  applications,  warm 
poixltices,  or  such  as  will  best  maintain  the  heat  and  pliancy  of  the  affected  part. 
Where  the  diagnosis  of  the  character  of  the  inflammation  is  sufficiently  doubtful  to 
justify  an  experimental  treatment,  it  is  best  to  give  wine  and  good  food,  and  watch 
their  effects  ;  for  inflammations  that  will  be  benefited  by  these  are  far  more  numerous 
than  those  of  the  opposite  type,  and  an  error  with  these  will  be  less  mischievous  than 
one  in  the  opposite  direction. 

Another  form  of  inflammation,  not  unfrequent  in  and  about  wounds  that  are  or 
should  be  healing,  is  more  chronic  than  either  of  these.  The  granulations  (for  it  is 
not  observable  with  the  speedier  modes  of  healing)  become  pale,  firm,  cedematous  ; 
and  the  adjacent  structures  feel  lumpy,  heavy,  firm,  and  consolidated,  as  if  infiltrated 
with  half-organised  matter.  Such  a  state  occurs  oftener  in  the  healing  of  amputation- 
wounds,  and  excisions,  than  in  any  other  cases  :  and,  if  the  healing  be  not  far 
advanced,  may  be  dangerous  through  the  usually  coincident  softening  and  degenera- 
tion of  the  proper  textures  of  the  part,  and,  among  them,  of  the  arteries.  Less 
dangerously,  it  destroys  the  natural  mobility  of  parts,  and  is  associated  with  tardy  and 
insecure  healing. 

Chronic  inflammation,  such  as  this,  appears  to  be  chiefly  a  local  fault  ;  at  any 
rate,  it  is  not  generally  associated  with  any  evident  constitutional  error,  and  it 
usually  ceases  as  the  patient  recovers  power.  Its  effects  may  be  remedied  with 
stimulant  applications,  friction,  and  pressure. 

Morbid  states  of  granulations. — The  analogies  between  a  granulating  wound  and 
an  ulcer  are  so  many  and  close,  that,  as  may  well  be  expected,  all  the  varieties  of  the 
one  condition  may  be  occasionally  found  in  the  other.  Thus,  as  ulcers,  so  granulat- 
ing wounds  may  be  irritable,  hemorrhagic,  painful,  callous,  imitating  the  several 
char  acters  of  ulcers  indicated  by  these  names.  In  like  manner,  they  may  at  any 
time  become  affected  with  gangrene,  or  with  phagedamic  or  sloughing  ulceration. 
But  the  pathology  of  these  states  is  identical  with  that  of  the  cases  in  which  they 
have  their  origin,  not  in  wounds,  but  in  diseases  or  in  other  accidents  ;  it  is  therefore 
referred  to  the  essays  on  Ulceus  and  Gangrene.  Moreover,  a  granulating  wound, 
especially  in  its  advanced  stages,  may  become  the  seat  of  a  specific  disease,  e.g.  of 
scrofula,  syphilis,  scurvy,  or  cancer,  and  may  assume  the  form  of  ulceration  or  other 
change  characteristic  of  any  of  these  diseases  (see  Scrofula,  &c).  Thus,  through 
its  whole  course,  a  wounded  part  appears  to  be  a  structure  in  which  morbid  condi- 
tions of  the  blood  are  peculiarly  prone  to  manifest  or  localise  themselves.  If  measles 
or  some  other  exanthem  should  make  its  eruption  after  an  operation,  the  thickest  of 
the  eruption  will  be  at  and  about  the  wound  ;  similarly,  the  general  malady  of 
erysipelas  may  have  its  local  manifestation  chiefly  or  only  at  a  wound  ;  and  scrofula 
or  syphilis,  which  may  previously  have  been  latent,  i.e.  without  any  local  evidence  of 
their  existence,  may  find  at  a  wound  a  place  more  fit  for  their  manifestation  than 
any  sound  or  unhurt  structure.  When  healing  is  complete,  this  aptness  for  specific 
diseases  in  great  measure  ceases ;  for  numerous  as  are  the  diseases  of  scars,  few  of 
them  are  of  specific  kind,  and  it  is  probable  that  contusions  are  followed  much  more 
frequently  than  are  wounds  by  the  growth  of  tumours,  and  these  of  more  various  kinds. 
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Such  are  the  chief  defects  and  diseases  of  the  healing  process ;  and  before  leaving 
the  subject,  it  may  be  well  to  enumerate  certain  causes  of  them,  often  unsuspected, 
but  for  which  it  is  advisable  to  look  in  any  case  of  which  the  origin  is  obscure. 
Some  of  these  causes  are  local,  namely,  the  presence  of  foreign  bodies,  sloughs,  dead 
bone,  collections  of  pus,  hidden  blood-clots,  surrounding  scars ;  others  are  general, 
namely,  abiding  chronic  disease,  especially  of  the  kidneys  or  intestines,  mental 
agitation  or  depression,  bad  air,  especially  that  of  hospitals  long  lived  in,  bad  food, 
the  obscure  invalid  state  of  habitual  slight  intemperance. 

The  morbid  conditions  of  scars  after  wounds  may  be  arranged  as  defective,  painful, 
excessive,  ulcerative,  cancerous. 

The  simplest  defect  of  a  scar  is  that  in  which  it  remains  thin,  weak,  vascular, 
moist,  easily  '  breaking  out,'  i.e.  cracking  and  yielding  so  as  to  expose  the  subjacent 
.structures.  It  indicates  a  failure  or  incompleteness  in  the  last  stages  of  healing,  a 
deficient  development  of  cuticle,  and  too  little  contraction  of  the  granulations  or  bond 
of  adhesion.  Such  scars  are  most  frequent  after  wounds  healed  by  granulations 
that  have  become  cedematous,  soft,  and  puffy,  whether  through  disease  or  through 
their  being  constricted  by  the  contracting  tissues  healing  round  them.  They  are, 
therefore,  most  frequent  after  wounds  that  heal  most  slowly,  and  in  weakly  patients. 
To  avoid  such  scars  is  one  of  the  uses  of  cauterising  exuberant  and  cedematous 
granulations  with  nitrate  of  silver  or  sulphate  of  copper,  and  of  dressing  them  with 
solutions  of  those  or  other  astringent  salts.  Scars  are  very  apt  to  be  cold  ;  therefore, 
they  should  always  be  warmly  and  drily  covered.  And  often  this  care  of  them  must 
be  taken  for  many  months,  since  not  less  time  is  requisite  for  perfecting,  not  these 
defective  scars  alone,  but  those  which  form  in  the  most  favourable  manner. 

Painful  scars  are  most  common  after  amputations,  and  have  been  often  described 
in  irritable  or  painful  stumps.  But  the  same  affection  may  occur  in  the  scar  of  any 
wound,  and  with  the  same  obscurity  of  cause.  In  some  stumps,  it  is  nearly  certain 
that  the  pain  is  due  to  a  morbid  condition  of  the  ends  of  one  cr  more  of  the  divided 
nerves ;  not,  indeed,  to  the  formation  of  a  bulbous  swelling,  for  that  is  a  general 
occurrence  in  the  healing  of  nerves,  and  is  commonly  painless ;  but  to  the  morbid 
adhesion  of  the  nerves  to  the  end  of  the  bone,  or  to  the  skin,  so  that  they  are  kept 
in  constant  irritation  or  inflamed.  But  in  many  more  painful  stumps,  no  such  con- 
dition can  be  found,  and  they  can  only  be  called  neuralgic.  So  it  is  with  other  scars  ; 
and  the  cause  of  the  pain  is  the  more  obscure,  through  its  commencing,  in  some  cases, 
a  long  time  (it  may  be  years)  after  the  healing  of  the  wound,  and  without  visible 
change  in  the  scar. 

When  it  is  likely  that  the  pain  of  a  scar,  in  a  stump  or  elsewhere,  depends  on 
adhesion  or  other  such  morbid  condition  of  the  nerves,  excision  of  part  of  the  nerve 
or  stretching  of  its  trunk  should  be  tried  as  a  promising  remedy.  In  some  cases  in 
which  a  particular  nerve  is  very  sensitive  to  the  touch,  though  it  may  have  no 
apparent  morbid  structure  or  relations,  it  is  proper  to  stretch  or  remove  a  portion  of 
it.  But  when  these  measures  fail,  or  when  the  case  belongs  to  the  more  obscure  and 
severe  neuralgia,  there  remains  little  more  than  the  often  unsatisfactory  treatments 
of  the  neuralgic  affections  whose  cause  is  unknown,  such  as  those  with  large  doses  of 
quinine,  or  of  ammonia,  or  belladonna,  or  other  narcotics.  In  the  less  severe  cases, 
the  local  application  of  narcotics  is  commonly  sufficient. 

Excess  of  scar  formation  presents  various  forms,  if  it  be  studied  in  its  frequent 
combinations  with  their  indurations  and  degeneracies.  In  its  simplest  condition  it 
appears  only  as  a  thick  or  lumpy  scar,  which  projects  from  the  surface,  instead  of 
being  plane  or  depressed.  Such  a  scar  sometimes  follows  the  operation  for  hare-lip, 
and  here  shows  its  worst  quality,  in  that  it  is  unsightly,  and  apt  to  contract  long 
after  its  formation.  Similar  scars,  with  equal  inconveniences,  are  not  rare  after 
vertical  wounds  through  eyelids.  They  cannot  always  be  avoided;  for,  as  the  ex- 
cessive formation  of  scars  after  strumous  ulcers  indicates,  they  may  sometimes  be 
due  to  constitutional  defects  ;  but  the  hope  of  avoiding  them  when  their  deformity 
would  be  important  will  justify  the  most  scrupulous  means  for  obtaining  immediate 
union  of  the  wound.    When  they  are  formed,  the  best  method  of  reducing  them  is 
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the  repeated  application  of  stimulants  or  of  vesicants,  e.g.  by  painting  with  blistering 
fluid,  or  strong  solution  of  iodine.  The  lowly  organised  new  structures,  of  which  the 
scars  are  composed,  appear  to  be  destroyed  and  made  fit  for  absorption  by  the  in- 
flammation thus  excited. 

Scars  that  are  thus  thick  have  often  another  fault,  in  that  they  adhere  too  much 
and  too  long  to  the  adjacent  structures  :  they  fall  short  of  that  state  of  improvement 
in  which  there  is  a  gradual  loosening  of  the  tissue  which  at  first  unites  a  scar  to  the 
parts  beneath  or  near  it.  In  the  natural  course  of  events,  the  scar  which  follows  a 
deep  wound  through  many  structures  is  at  first  continuous  and  nearly  uniform 
through  the  whole  depth  of  the  wound.  If  the  wound  have  extended  down  to  bone, 
and  the  bone  be  not  amply  covered  in  the  healing,  the  scar  will  be  depressed  to  the 
bone  and  so  remain ;  but  if  the  wound  have  involved  soft  parts  alone,  the  scar, 
though  it  may  be  at  first  depressed,  will  not  remain  so,  but  will  be  gradually  raised 
by  the  formation  of  fat  and  connective  tissue  beneath  it,  to  the  level  of  the  surround- 
ing skin.  In  both  cases,  however,  it  is  a  part  of  the  normal  healing  process,  that 
the  scar  should  be  freed  from  its  adhesions  to  the  parts  beneath  or  about  it.  Thus 
scars  that  at  first  adhered  to  bone,  gradually  acquire  freedom  of  sliding  on  it ;  and 
in  those  after  lithotomy  it  becomes  at  last  difficult  to  distinguish  any  scar-tissue 
except  in  the  skin. 

The  persistence  and  excess  of  scar  tissue  existing  in  the  failure  of  this  loosening 
process  is  often  a  grave  inconvenience,  either  by  its  deformity,  or  by  rendering  the 
scars  liable  to  ulceration  after  injury  or  any  other  interference  with  their  nutrition. 
It  is  difficult  to  remedy.  The  best  means  are,  friction,  shampooing,  steaming, 
and,  if  the  scar-tissue  be  very  abundant,  stimulants  or  vesication,  as  for  common 
thick  scars  that  are  not  adherent ;  but  all  must  be  used  very  gently  when  the  scar 
adheres  to  bone. 

Contraction  of  scars. — Another  instance  in  which  scars  show  excess,  if  not  of 
material,  yet  of  one  of  their  chief  properties  or  tendencies,  is  that  of  their  morbid  con- 
traction. It  is  much  more  frequent  in  the  scars  of  deep  burns  than  in  those  of 
wounds  ;  but  may  occur  in  any,  and  especially  in  any  such  as  involve  strong  fascia?. 
In  some  cases,  the  scar  appears  only  to  contract ;  but  in  more,  it  becomes  very 
dense,  hard,  toughly  fibrous,  nodular,  and  lumpy ;  it  usually  adheres,  also,  very 
closely  to  the  structures  near  it.  The  force  of  the  contraction  is  enormous ;  enough 
to  depress  bone,  or  to  displace  parts  from  their  strongest  connections,  or  to  contract 
them  into  extreme  and  most  damaging  deformities. 

The  almost  certainty  of  some  contraction  of  the  scar  of  a  wound  healed  by  adhe- 
sion or  granulation,  and  the  possibility  that  it  may  be  excessive,  must  be  regarded 
in  every  surgical  wound  involving  parts  in  which  contraction  would  be  mischievous. 
The  length  of  a  wound  must  always  (if  possible)  be  in  that  direction  in  which  sub- 
sequent shortening  will  be  least  important ;  and  it  may  often  be  light  to  make  as 
careful  provision  against  contraction  of  scars,  as  against  the  effect  of  loss  of  substance, 
by  plastic  operations  or  by  lateral  or  other  incisions.  When,  as  in  accidental 
wounds,  no  provision  can  be  made,  the  healing  must  be  carefully  watched,  and,  if 
possible,  some  elongating  force  must  be  applied  in  the  direction  proper  to  counteract 
the  contraction.  Thus,  for  wounds  near  joints,  if  there  be  tendency  to  shortening 
of  the  scar,  it  must  be  slowly  overcome  by  splints,  with  screws;  or,  better,  with 
elastic  bands  or  cords,  whose  tendency  to  recoil  after  being  stretched  may  exercise  a 
force  more  powerful  and  not  less  constant  than  that  of  the  scar.  And  the  long  time 
during  which  certain  scars  will  continue  to  contract  must  not  be  forgotten.  The 
length  of  treatment  must  not  be  determined  by  weeks  or  months  ;  it  must  be  con- 
tinued as  long  as  any  disposition  to  contract  exists.  Generally,  the  elongation  may 
be  assisted  by  frequent  application  of  moist  heat,  or  by  shampooing,  or  other  means 
for  softening  and  causing  partial  absorption  of  the  scar-tissues. 

These  same  means  are  often  sufficient  for  the  deformities  produced  by  the  com- 
pleted contraction  of  scars.  The  special  modes  of  adapting  them  according  to  the 
seats  and  degrees  of  deformity  are  described  elsewhere  (Plastic  Surgery)  ;  the 
general  principles  to  be  kept  in  view  are,  that  scar- tissues  can  be  lengthened  only 
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very  slowly,  and  seem  rather  to  adapt  themselves  by  changes  of  nutrition  to  the 
external  forces  brought  to  bear  on  them  than  to  be  merely  stretched ;  that,  in  the 
natural  course  of  events,  in  however  long  a  time,  the  tendency  of  scars  is  to  soften 
down  to  a  greater'  likeness  to  the  natural  parts  in  both  structure  and  relations  ;  that 
they  are  (as  it  is  said)  of  low  vital  power,  i.e.  apt  to  waste  or  ulcerate  quickly  under 
pressure,  friction,  or  irritation,  and  that  this  quality  may  be  often  made  good  use  of 
in  promoting  their  absorption. 

When  this  lengthening  of  contracted  stars  cannot  be  accomplished,  the  deformi- 
ties due  to  them  may  often  be  cured  by  plastic  operations.  The  chief  general  rules 
for  such  operations  are  that,  if  the  scar  is  to  be  removed,  so  as  to  bring  healthy 
structures  together  for  union  in  its  place,  no  portion  whatever  of  its  substance 
should  be  left;  that  if  the  scar  or  part  of  it  is  to  be  included  in  any  flap  for  sliding 
or  transplanting,  all  the  borders  and  surfaces  of  such  flap  intended  for  union  should, 
if  possible,  be  of  healthy  structure,  and  not  themselves  parts  of  the  scar;  that  flaps 
should  not  be  dependent  on  scar-tissues  for  their  supplies  of  blood;  and  that  scar- 
tissues  alone  should  not  be  used  for  the  formation  of  flaps,  or  relied  on  for  any  speedy 
or  sound  union. 

C keloid  scars. — The  most  excessive  growth  of  scars  is  that  in  which  they 
become  cheloid,  a  change  observed  most  frequently  in  scars  after  burns,  but  not 
after  them  alone. 

A  scar  may  become  cheloid  which  has  shown  nothing  abnormal  in  its  previous 
course.  After  being  completely  formed,  and  sometimes  even  at  a  great  time  there- 
after, it  may  begin  to  grow  up,  increasing  somewhat  in  all  its  dimensions,  but  chiefly 
in  depth,  and  thence  becoming  more  and  more  prominent.  Usually,  it  keeps  a 
well-defined,  gradually  rising,  rounded  border,  and  a  smooth,  level,  or  slightly  con- 
vex, or  sometimes  centrally  depressed,  surface.  Its  substance  is  always  tough  and 
firm,  and  becomes  more  so  as  it  grows  older.  At  first,  it  is  usually  more  vascular 
than  even  recent  healthy  scars,  and  has  a  florid  or  purple  tint ;  but,  gradually,  as  it 
becomes  harder,  so  it  also  becomes  paler,  and  at  length  is  only  slightly  pinkish,  or 
scarcely  more  coloured  than  the  healthy  skin. 

All  these  characters  of  cheloid  growths  following  wounds  or  other  injuries  indicate 
that  they  are  hypertrophied  or  overgrown  scars;  and  with  this  agree  their  shape 
and  interior  structure.  In  shape  they  are  like  the  scars  that  precede  them,  but  with 
coarser  outlines,  and,  if  the  scar  were  irregular,  with  an  exaggeration  of  its  pro- 
jections, or  of  its  extensions  into  the  surrounding  parts.  On  section,  they  present, 
to  the  naked  eye,  an  appearance  of  closely  and  irregularly  matted  bands  of  white  or 
greyish  fibres,  making  a  compact  substance ,  lowly  vascular,  and  thinly  covered  with 
cuticle.  In  the  microscope,  they  show  fibrous  tissue,  which  (according  to  their  date) 
is  more  or  less  perfectly  developed,  but  seems  always  mingled  with  cell-structures 
in  progress  of  development,  or  arrested  and  degenerate  in  their  incomplete  forms. 

While  cheloid  growths  of  scars  are  increasing  and  vascular,  they  are  usually 
attended  with  a  sensation  of  heat  and  irritation;  but  in  their  later  states  they  are 
not  more  sensitive  than  common  scars.  After  a  long  period  of  growth,  they  gene 
rally  cease  to  enlarge,  and  rarely  surpass  half  an  inch  in  thickness,  or  by  more  than 
half  an  inch  in  any  direction,  the  extent  of  the  scars  in  which  they  grow.  In  this 
they  differ  from  the  fibrous  growths  of  skin  that  nearly  resemble  them,  and  are  of 
apparently  spontaneous  origin.  They  may  even  decrease  after  a  long-continued 
growth ;  and  are  more  than  common  scars  liable  to  be  sore  and  to  ulcerate. 

In  comparison  with  the  frequency  of  wounds  and  scars,  cheloid  growths  are  very 
rare  :  and  there  is  no  certainty  respecting  the  conditions  in  which  they  arise.  Their 
occurrence  in  many  scars  in  the  same  patient,  and,  much  more,  their  repeated  forma- 
tion in  the  scars  of  wounds  made  for  their  removal,  prove  that  they  depend  on  some 
personal  or  constitutional  peculiarity  ;  but  its  nature  is  wholly  unknown. 

When  a  cheloid  growth  is  recent  or  in  progress,  it  may  be  reduced  and  perhaps 
cured  by  active  irritation,  or  by  frequent  frictions  with  strong  ointments  of  the  iodide 
or  biniodide  of  mercury,  or  by  frequent  applications  of  vesicants.  But  against  a  per- 
fect cheloid  growth  all  such  means  are  of  little  or  no  avail.    It  may  be  cut  out,  but 
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a  recurrence  in  the  scar  of  the  operation-wound  must  be  feared,  especially  if  the 
wound  cannot  be  very  closely  healed  by  immediate  or  adhesive  union.  However,  as 
recurrence  is  not  constant,  the  extirpation  of  cheloid  growths  may  sometimes  be  a 
proper  measure ;  remembering  only  that  if  recurrence  should  ensue  after  excision  of 
a  cheloid,  the  renewed  growth  will  be  larger  than  that  which  it  has  succeeded,  in  the 
same  proportion  as  the  wound  is  larger  than  that  for  the  removal  of  which  it  is 
made. 

A  singular  form  of  cheloid  growth  (as  it  seems  to  be)  sometimes  follows  the 
boring  of  the  lobules  of  the  ears  for  earrings.  A  round-oval  fibrous  lump  forms  in 
the  lobule,  greatly  enlarging  it,  and  enclosing  the  perforation.  It  may  be  so  defined 
as  to  look  like  a  fibrous  tumour  ;  but  is  usually  an  excessive  growth  of  the  scar-tissue, 
like  those  that  may  occur  in  the  scars  of  sutures.  The  remedy  is  excision  of  the 
lobule ;  and  it  may  need  repetition. 

Ulcerations  of  scars  are  r  infrequent  in  any  stage  of  their  existence.  A  common 
form  occurs  in  recent  scars  c  granulations.  While  they  are  yet  thin  and  soft,  round, 
shallow,  thin-edged  ulcers  form  in  them,  exposing  the  lately  covered  surface  of  the 
granulations,  as  if  only  by  the  removal  of  the  cuticle  that  covered  them.  Such 
ulcers  are  most  frequent  in  strumous  and  other  feeble  patients,  and  should  be  treated 
with  good  food,  and  stimulant  or  astringent  lotions,  and  with  fresh  air,  for  they  often 
seem  dependent  on  the  confinement  of  a  patient  to  a  sick  room  or  ward.  Older  scars, 
and  those  of  any  age,  may  be  attacked  with  any  form  of  specific  ulceration,  but  seem 
not  peculiarly  liable  thereto ;  or,  with  defective  health,  and  almost  trivial  injury, 
they  may  be  the  seats  of  common  ulceration.  Many  of  these  cases  prove  the  defec- 
tive power  of  maintenance  which  has  been  already  often  mentioned  as  a  character  of 
scars.  The  same  is  shown  in  their  readiness  to  slough  after  severer  injuries  and 
exposure  to  intense  cold ;  and  by  the  necessity  of  using  active  stimulants  to  procure 
the  healing  of  many  of  the  ulceis  thus  formed.  Of  all  scars,  none  are  so  ready  to 
ulcerate  as  those  that  adhere  to  bones ;  and  the  ulceration  may  happen  twenty  or 
more  years  after  their  formation.  The  ulceration  of  scars  is  probably  connected  with 
some  rapid  degeneration  of  their  tissues  ;  but  what  this  is  is  uncertain,  except  that 
sometimes  a  calcareous  plate  may  be  found  in  the  scar  at  the  bottom  of  the  ulcer. 

Tumours  may  grow  in  scars ;  but  they  are  not  more  frequent  than  in  many  of 
the  natural  structures,  unless  we  reckon  those  that  are  recurrent  and  seated  in  the 
scars  of  wounds  made  for  the  removal  of  their  predecessors.  Even  these,  however, 
are  usually  not  in,  but  near,  the  scars ;  and  indicate  the  aptness  of  the  place,  rather 
than  of  the  tissue,  where  they  grow. 

Cancer  is  more  frequent  in  scars;  whether  as  recurrent  after  the  removal  of 
scirrhous  cancers  {e.g.  in  the  breast),  or  as  primary  epithelial  cancer.  The  epithelial 
cancel's,  to  which,  under  the  name  of  warty  growths  on  scars,  attention  was  first 
drawn  by  Mr.  Hawkins,1  may  appear  shortly  after  the  healing  of  a  wound  ;  but  they 
are  much  more  commonly  found  on  old  scars,  even  on  those  of  twenty  or  more  years' 
duration.  Especially,  they  occur  on  such  old  scars  as  have  frequently  been  seats  of 
irritation  or  violence,  and  on  such  as  are  large  and  coarsely  formed,  e.g.  after  burns, 
gunshot' wounds,  and  chronic  ulcers  over  bones. 

The  first  indication  of  a  scar  becoming  thus  cancerous  is,  usually,  its  '  growing  up ; 
that  is,  it  becomes  elevated  and  more  or  less  warty.  The  change  may  proceed  no 
further,  for  warty  scars  may  be  found  that  are  not,  and  do  not  become,  cancerous  : 
and  enlargement  of  the  cutaneous  papilla?  (the  essential  change  of  structure  in  warts) 
is  very  common  in  the  scars  and  adjacent  skin  after  chronic  ulcers.  Still,  when 
scars  become  warty,  and  especially  if  they  are  coarsely  warty,  with  vascular,  knotted, 
and  grouped  large  papillae  bare  of  cuticle  or  very  thinly  covered,  the  probability  is 
that  they  are  already  cancerous,  and  that  the  enlarged  papillae  are  filled  with  the 
cells  and  other  structuies  of  epithelial  cancer.  Frcm  this  state  their  ordinary  pro- 
gress is  the  same  as  that  of  the  papillary  or  warty  epithelial  cancers  of  apparently 
spontaneous  origin  (Cakcer).  They  ulcerate  at  and  frcm  their  centres  :  and  as  the 
ulceration  extends,  so  do  their  borders  and  bases,  invading  the  surrounding  skin  and 
1  Med.-Chir.  Trans,  vol.  xix.  p.  19. 
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the  subjacent  textures,  as  deeply  as  they  have  time  for.  At  a  late  period,  similar 
cancer  affects  the  lymphatics  in  relation  with  the  primary  seat  of  the  disease  ;  and 
death  may  ensue. 

The  epithelial  cancer  of  scars  is  usually  of  slow  progress,  in  comparison  with  that 
affecting  the  natural  structures,  the  average  duration  of  which  is  about  four  years. 
Especially,  it  is  slow  when,  as  is  most  frequent,  it  is  saated  on  the  lower  extremities. 
The  only  appropriate  tr  eatment  is  complete  extermination  with  caustics  or  the  knife 
if  the  disease  be  in  soft  parts  alone,  or  amputation  far  from  the  seat  of  disease  if 
these  means  are  likely  to  be  insufficient,  or,  generally,  if  the  cancer  have  invade  1 
bone.  Such  thorough  treatment  of  these  cases  is  certainly  often  sufficient  to  prolong 
life. 

James  Paget,  1870. 
John  Croft,  1882. 


ANTISEPTIC  SYSTEM  OF  DRESSING  WOUNDS. 

We  have  thought  it  right  to  devote  a  separate  chapter  to  the  description  of  this 
method  of  dressing  wounds,  partly  because  of  the  great  importance  of  the  subject 
and  partly  to  avoid  repetition.  In  the  second  edition  of  this  work,  Mr.  Lister's 
essay  on  '  Amputation  '  contained  his  own  account  of  his  system.  We  have  the 
consent  of  that  author  to  bring  forward  this  abstract  description  of  the  system  into 
immediate  connection  with  the  treatment  of  wounds. 

This  plan  of  treatment  has  immortalised  its  originator  and  revolutionised  the 
practice  of  surgery  throughout  the  world.  In  introducing  it  we  may  conveniently 
lay  down  a  few  prefatory  axioms  or  '  dicta.' 

1.  Local  inflammation  is  not  necessary  for  the  healing  of  wounds. 

2.  Putrefaction  in  the  fluids  and  tissues  of  wounds  is  a  cause  of  inflammation, 
and  is  hostile  to  the  union  or  repair  of  wounds. 

3.  Putrefaction  like  fermentation  does  not  occur  without  the  presence  of  animal 
or  vegetable  organisms  which  may  be  spoken  of  under  the  term  '  bacteria.' 

4.  The  micro-organisms  of  putrefaction  abound  in  the  atmosphere,  in  water,  and 
upon  solids. 

5.  These  media  are  to  be  looked  upon  as  carriers  of  the  bacteria  and  their 
germs. 

6.  These  organisms  are  capible  of  indefinite  multiplication  in  suitable  soil  and 
under  favourable  circumstances. 

7.  Wound-fluids  offer  a  fertile  soil  for  their  development. 

8.  Warmth  and  moisture  promote  their  growth  and  activity. 

9.  Oxygen  is  absolutely  necessary  to  the  support  of  bacterial  life  (though  deadly 
to  the  vibrios  of  the  butyric  acid  fermentation). 

10.  Heat  kills  bacteria,  cold  numbs  them  and  suspends  their  vitality  ;  carbolic 
acid  and  some  other  agents  kill  them,  or  retard  or  arrest  their  development. 

11.  Healthy  living  tissue  and  healthy  wound-secretions  possess  some  power  of 
resisting  the  influence  of  the  bacteria. 

12.  Micrococci  found  in  the  secretions  of  an  aseptic  wound  are  to  be  distinguished 
from  bacteria,  the  former  organisms  being  relatively  innocuous. 

13.  Perfect  antiseptic  treatment  of  a  wound  prevents  putrefaction  absolutely  and 
does  not  interfere  with  the  natural  process  of  union  or  healing. 

14.  Aseptic  suppuration  may  occur  during  perfect  antiseptic  treatment. 

15.  Antiseptic  treatment  does  not  obviate  the  necessity  for  draining  and  sutur- 
ing wounds. 

16.  A  wound  healing  under  the  antiseptic  method  should  proceed  without  pain, 
redness,  heat,  or  swelling  of  an  inflammatory  character. 

17.  A  piece  of  tissue,  e.g.  skin,  killed  by  the  accident  or  in  consequence  of  an 
operation,  should  be  innocuous  under  antiseptic  treatment.  It  may  be  digested  by 
the  living  tissue  around  it. 
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18.  The  products  of  putrefaction  are  relatively  harmless  when  applied  to  a  sore 
covered  with  granulations,  but  act  very  differently  in  a  recent  wound,  where  they 
may  be,  as  Mr.  Lister  has  written,  helplessly  imbibed  into  the  circulation.  The 
inevitable  results  of  their  absorption  are  local  inflammation  and  febrile  disturbance. 

19.  Wounds  may  be  immediately  closed  under  the  antiseptic  system  of  treat- 
ment. 

Putrefaction  in  wounds  may  be  avoided  without  excluding  the  air  by  dressing 
them  with  some  agent  capable  of  destroying  the  vitality  of  the  atmospheric 
organisms,  provided  that  it  does  not  act  with  too  much  violence  upon  the  human 
tissues. 

For  the  purposes  of  antiseptic  treatment,  volatility  of  the  germ-poison  is  an 
essential  requisite  in  order  that  the  atmosphere  round  the  dressings  may  be  deprived 
of  septic  energy,  so  that  no  harm  may  arise  from  its  introduction  into  the  wound, 
which  it  is  often  quite  impossible  to  avoid.  There  are  many  agents  which  fulfil  the 
conditions  of  volatility  combined  with  hostility  to  low  forms  of  Hfe,  such  as  chlorine, 
sulphurous  acid,  benzine,  creosote,  carbolic  or  phenic  acid,  eucalyptus  oil,  salicylic 
acid,  iodoform,  terebine,  thymol,  resorcine,  and  some  others.  Any  one  of  these  may 
be  used  so  as  to  keep  a  wound  from  putrefaction,  provided  it  be  employed  with  the 
essential  object  kept  steadily  in  view,  that  is  to  say,  to  prevent  the  possibility  of  a 
single  living  putrefactive  organism  being  left  in  the  wound  at  the  conclusion  of  the 
first  dressing  or  gaining  access  to  it  subsequently. 

Carbolic  acid  happened  to  be  the  first  agent  employed  by  Mr.  Lister;  and  it 
still  appears  to  be  the  most  reliable  for  the  purpose.  Besides  being  remarkably 
efficient  in  the  form  of  vapour,  it  is  miscible  with  a  great  variety  of  different  sub- 
stances, such  as  water,  the  fixed  oils,  and  various  resins.  Water  holds  the  particles 
of  the  acid  very  feebly,  and  therefore  liberates  them  readily  to  act  upon  any  other 
substance.  A  watery  solution  is  very  potent  in  its  immediate  action,  but  its  influ- 
ence is  very  transient.  Common  resin,  on  the  other  hand,  holds  the  acid  with 
remarkable  tenacity,  and  even  at  the  temperature  of  the  body  gives  it  off  very 
slowly,  so  that  a  large  proportion  of  the  antiseptic  may  be  kept  stored  up  in  the 
resin  in  a  form  which  acts  very  mildly,  but  for  a  long  period.  These  are  the  quali- 
ties required  for  an  external  dressing  to  guard  against  the  penetration  of  putrefactive 
fermentation  from  without ;  whilst  the  insolubility  of  resin  in  wTater  prevents  it 
from  being  washed  away  by  the  discharges.  The  fixed  oils  occupy  an  intermediate 
position  as  regards  their  hold  upon  carbolic  acid,  and  there  are  circumstances  in 
which  they  form  a  most  convenient  vehicle  for  it. 

Carbolic  acid  has  also  the  advantage  of  being  a  local  anaesthetic,  exercising  a 
soothing  influence  over  a  raw  surface  to  which  it  is  applied. 

A  half-believer  in  antiseptics  should  proceed  with  a  determination  to  cany  out 
the  system  thoroughly. 

In  dealing  with  an  accidental  wound,  it  is  necessary  (on  Mr.  Lister's  theory) 
first  to  kill  any  septic  organisms  introduced  into  it  from  the  air  or  from  contact  with 
foreign  bodies,  and  supposing  carbolic  acid  to  be  the  agent  employed,  this  is  to  be 
effected  by  washing  the  cut  surface  thoroughly  with  a  saturated  watery  solution  (one 
of  the  acid  to  twenty  of  water) ;  but  even  this  is  a  somewhat  uncertain  process,  because 
some  mischievous  particle,  lurking  in  some  interstice  among  the  tissues,  may  possibly 
elude  the  action  of  the  solution.  The  particle  might  subsequently  propagate  its  kind 
and  spread  putrefactive  changes  throughout  the  wound.  It  is  important  to  bear  in 
mind  that  the  acid  applied  to  the  interior  has  no  persistent  antiseptic  effect,  but  is 
speedily  dissipated,  being  partly  washed  away  by  the  discharges  and  partly  absorbed 
into  the  circulation. 

When  the  wound  is  to  be  made  by  the  surgeon  himself  in  a  previously  unbroken 
integument,  he  has  it  in  his  power  to  prevent  putrefactive  organisms  from  entering 
it  alive  by  operating  in  an  antiseptic  atmosphere,  in  the  form  of  a  cloud  of  spray 
imbued  with  the  acid  (one  to  forty). 

The  sponges  should  be  absolutely  clean  and  rendered  antiseptic  by  soaking  in  a 
watery  solution  of  ^he  acjd,  one  to  twenty. 
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The  previously  cleaned  fingers  of  the  surgeon  and  assistant  are  to  be  prepared  in 
a  similar  manner. 

All  instruments  and  ligatures  or  sutures  must  be  aseptic,  and  ready  immersed  in 
solution  of  the  same  strength. 

The  sponges  used  in  the  operation  are  after  cleansing  to  be  passed  through  a 
solution,  one  to  forty. 

The  wound  must  be  covered  with  a  cloth  soaked  with  solution  during  any  period 
of  suspension  of  the  spray,  which  should,  with  such  exceptions,  be  continued  through- 
out the  entire  process,  including  the  securing  of  the  vessels  and  the  introduction  of 
the  stitches.  The  antiseptic  ligature  constitutes  an  important  element  in  the 
system.  The  catgut  ligature,  when  properly  prepared  in  chromic  or  carbolic  acid 
solution,  has  been  found  by  experience  to  be  a  perfect  haemostatic.  If  putrefaction  is 
avoided,  the  knots  and  short-cut  ends  are  as  harmless  and  soluble  as  the  clots  and 
pieces  of  dead  tissue  in  a  simple  fracture,  and  they  do  not  interfere  with  primary 
union. 

Ligatures  of  fine  silk,  rendered  antiseptic,  are  equally  valuable. 

Catgut  is  not  recommended  as  a  material  for  sutures  which  are  intended  to  sus- 
tain tension  and  which  are  intended  to  hold  for  more  than  three  days.  The  deep  part 
of  the  suture  may  be  absorbed  too  soon.  Sutures  of  silk  that  have  been  properly  pre- 
pared by  wax  and  carbolic  acid  are  the  best.  Wire  is  inferior  as  a  material  for  the 
purpose,  as  it  is  less  flexible. 

The  antiseptic  precautions  are  to  be  kept  up  until  the  completion  of  the  opera- 
tion. To  prevent  the  collection  of  serum  and  blood  in  the  wound,  means  should  be 
provided  for  their  escape.  Various  materials  are  used  for  this  purpose  of  drainage  ; 
the  most  convenient  are  prepared  aseptic  india-rubber  tubes.  Split  tubes  are  better 
than  whole  or  perforated  ones.  Silk  and  horsehair  are  good  materials.  Absorbable 
materials  are  not  recommended. 

Before  applying  the  external  dressing,  the  wound  should  be  washed  out  with  the 
antiseptic  solution  and  squeezed  dry. 

The  most  convenient  material  for  the  external  dressing  is  the  antiseptic  gauze. 
It  excludes  the  agents  of  putrefaction  and  absorbs  the  exudations  from  the  wound. 
The  gavize  consists  of  a  cotton  cloth  impregnated  with  a  mixture  of  carbolic  acid, 
resin,  and  paraffin.  The  acid  is  retained  by  the  insoluble  resin.  Before  this 
material  is  applied  the  edges  of  the  wound  are  to  be  protected  by  a  strip  of  prepared 
oiled  silk,  or  '  pi'otective  '  made  of  oiled  silk  coated  on  both  sides  with  opal  varnish. 
This  is  to  be  dipped  in  the  antiseptic  solution  immediately  before  use.  Upon  this 
is  to  be  laid  some  loose  gauze  which  has  been  for  security  recharged  with  the  anti- 
septic by  immersion  in  the  solution.  The  main  body  of  the  dressing  is  to  be  made 
of  a  large  piece  of  gauze,  eight  folds  in  thickness,  backed  by  a  piece  of  thin  water- 
proofed calico.  This  is  best  put  between  the  seventh  and  eighth,  or  outermost  folds. 
The  object  of  this  is  to  check  the  escape  of  the  antiseptic  and  turn  fluids  from  the 
wound  back  into  the  gauze.  This  is  to  be  widely  spread  over  the  neighbourhood 
of  the  wound,  and  carefully  bandaged  on  with  rollers  made  of  the  antiseptic  gauze. 
The  dressing,  however,  has  not  been  completed  until  all  avenues  by  which  germs  can 
penetrate  under  the  edges  of  the  dressing  have  been  effectually  stopped.  It  is  often 
necessary  to  apply  padding  of  antiseptic  cotton-wool  (salicylic)  and  elastic  bands 
over  the  free  edges  of  the  gauze  to  keep  these  closely  applied  to  the  integuments. 
It  is  advisable  to  apply  the  first  pieces  of  loose  gauze  by  means  of  a  roller  which  has 
been  soaked  in  one  to  forty  carbolic  solution.    This  affords  greater  security. 

Redressing.- — Loosening  of  the  dressings  must  be  corrected  by  a  redressing. 
Wherever  the  discharges  from  the  wound  (serum  or  blood)  reach  the  edges  or  surface 
of  the  '  dressing,'  this  must  be  changed. 

The  change  must  be  made  with  strict  antiseptic  precautions.  The  atmosphere 
must  be  rendered  antiseptic  by  the  spray.  The  wound  is  to  be  gently  cleared  of 
serum  and  superfluous  clot  and  plasma,  and  then  redressed.  As  the  wound  is  to  be 
kept  aseptic  rather  than  antiseptic,  nothing  is  to  be  gained  by  syringing  with  anti- 
septic solution,  so  long  as  the  discharges  are  aseptic  and  draining  off  freely. 
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If  the  spray  is  not  available  or  is  intermitted,  the  wound  must  be  covered  with  a 
'  guard  '  or  veil  of  gauze  freshly  charged  with  the  antiseptic  solution.  If  the  veil 
has  not  been  used,  antiseptic  solution  must  be  employed  to  wash  the  wound. 

When  the  discharge  is  known  to  be  small  in  quantity,  amounting  to  a  few  drops 
in  twenty-four  hours,  the  gauze  may  be  left  undisturbed  for  a  week. 

A  high  temperature,  which  is  attributable  to  either  tension  or  putrefaction,  indi- 
cates that  the  wound  should  be  inspected  and  the  dressings  changed. 

In  some  persons  for  whom  carbolic  acid  has  been  employed  as  the  antiseptic  agent, 
copious  effusion  of  serum  and  plasma  takes  place.  This  state  of  things  will  demand 
an  unusual  number  of  dressings. 

It  is  advisable  to  add  a  few  words  explanatory  of  the  advantages  of  the  '  protec- 
tive.' It  is  admitted  that  some  persons  are  more  susceptible  of  the  influence  of  car- 
bolic acid  than  others.  The  acid  may  retard  healing  when  it  is  allowed  to  act  imme- 
diately on  the  margins  of  the  wound.  It  is  therefore  necessary  to  protect  the  part 
intended  for  primary  union  by  interposing  between  it  and  the  gauze  a  layer  of  some 
impermeable  material.  All  that  lies  beneath  this  layer  ia  or  should  be  aseptic  rather 
than  antisept:c.  The  protective  must  not  project  beyond  the  gauze,  lest  it  serve  to 
conduct  putrefaction  inwards  to  the  wound. 

When  to  leave  off  antiseptics. — As  soon  as  primary  union  has  been  secured  and 
the  wound  is  dry. 

When  the  granulating  part  of  the  wound  has  become  reduced  to  a  small  superficial 
one  in  which  there  are  no  recesses,  the  mode  of  dressing  may  be  considerably  modified. 

When  the  surgeon  is  about  to  treat  an  accidental  wound,  he  should  first  disinfect 
the  neighbourhood  of  the  wound  for  a  considerable  distance  around,  as  well  as  the 
wound  itself,  before  proceeding  to  dress  the  wound,  distending  the  wound  with  anti- 
septic solution,  washing  around  with  chloride  of  zinc  solution  one  to  forty,  or  one  in 
twenty  carbolic  solution,  or  one  in  ten  spirit  solution. 

This  brief  notice  of  antiseptic  treatment  of  wounds,  we  hope,  will  serve  to  indicate 
the  principles  on  which  the  practice  is  founded.  For  its  history,  and  for  further 
details,  the  reader  should  refer  to  the  works  of  Mr.  Lister,  to  whose  genius  and  bene- 
volence the  world  is  indebted  for  the  introduction  and  development  of  the  system. 

Another  form  of  antiseptic  dressiwj. — Experience  has  demonstrated  that  results 
quite  as  good  as  those  yielded  by  the  complete  Listerian  method  have  been  obtained 
under  a  system  which  substitutes  intermitting  antiseptic  irrigation  for  the  spray 
and  permanent  dry  antiseptic  dressings  for  the  moistened  ones,  which  may  require 
changing:. 

Mr.  Lister  refers  to  the  results  obtained  by  Professor  Esmarch  (of  Kiel)  as 
t  extremely  remarkable.'  The  dressings  in  these  cases  (see  reports  of  International 
Congress,  vol.  i.  p.  364)  consisted  of,  first,  a  small  cushion  soaked  in  spirit  solution  of 
iodoform,  one  in  ten ;  this  was  secured  with  an  iodoform  gauze  bandage,  over  this 
a  large  pillow  of  coarse  jute  and  gauze  was  placed,  and  over  that  again  a  moistened 
gauze  bandage  was  firmly  applied.  The  whole  was  enveloped  in  an  elastic  compress. 
Protective  oiled  silk  and  mackintosh  were  omitted.  Drainage  of  the  wounds  was 
provided  for  by  holes  punched  in  the  skin,  and  the  insertion  of  absorbable  cartila- 
ginous tubes. 

This  treatment  combines  absolute  cleanliness,  antiseptics,  elastic  support  and  rest. 
Such  a  method  is  exactly  calculated  to  bring  about  the  most  favourable  results  in 
the  treatment  of  wounds,  viz.  primary  union.  Dr.  P.  Bruns  (of  Tubingen)  has 
abandoned  the  use  of  the  spray  since  the  spring  of  1679,  and  has  obtained  results 
equally  good  as  those  with  the  spray.  His  operations  are  scrupulously  antiseptic, 
by  means  of  irrigation,  which  is  performed  several  times  in  the  course  of  a  long  opera- 
tion. He  prefers  to  change  his  dressings  as  little  as  possible.  Billroth  (of  Vienna) 
has  for  some  time  now  carried  on  the  antiseptic  treatment  of  wounds  without  the 
spray  and  with  excellent  results.  In  all  other  respects  his  dressings  are  after 
Lister's  plan.  Volkmann  (of  Halle)  employs,  in  a  similar  method,  antiseptics  with- 
out the  spray.    His  published  results  arc  remarkably  good. 
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UNDER  the  category  of  poisoned  wounds  is  comprised  a  series  of  important 
lesions,  which  attack  the  human  species  through  the  medium  of  some  peculiar 
and  specific  poison,  emanating  from  a  body  with  which  the  individual  has  been 
placed  in  contact ;  a  poison  acting  on  the  blood,  contaminating  the  constitution,  and 
developing  distinct  and  special  symptoms. 

This  may  be  derived  from  the  mineral,  vegetable,  or  animal  kingdom  :  but  it  is 
to  the  latter  class  only  that  we  shall  now  direct  attention  ;  and  in  so  doing  we  shall 
necessarily  have  to  exclude  some  of  the  contagious  and  infectious  animal  poisons, 
such  as  that  of  syphilis. 

The  animal  poisons,  affecting  man  through  the  medium  of  a  wound,  may  be 
derived  from  the  following  sources  :  1.  From  the  dissection  of  recently  dead  bodies ; 

2.  From  the  sting  or  bite  of  healthy  animals — such  as  insects,  serpents,  &c. ;  and 

3.  From  inoculation  or  less  direct  communication  by  diseased  animals— such  as 
from  the  dog,  causing  hydrophobia ;  from  the  horse,  glanders ;  or  from  the  ox,  foot 
and  mouth  disease. 

1.  Poisoned  Wounds  derived  from  the  Dissection  ov  recently 

Dead  Bodies. 

Wounds  from  dissection  are  not  ordinarily  attended  with  any  peculiar  and 
specific  disease ;  they  are  commonly  followed  only  by  those  affections  which  may 
be  met  with  in  incised  and  punctured  wounds  inflicted  by  clean  and  innocuous 
instruments.  Thus,  any  form  of  wound  under  certain  conditions  and  circumstances 
may  be  attended  with  absorbent  inflammation,  attacking  the  deep  as  well  as  the 
superficial  glands ;  inflammations  of  the  subcutaneous  tissues  in  every  possible 
variety  ;  inflammation  of  the  theca5  and  tendinous  structures ;  and  by  secondary 
effects,  such  as  suppuration,  hectic  fever,  pyfemia,  gangrene,  &c.  All  these  accidents 
and  affections  need  no  comment  in  this  place. 

There  has  been  described  under  the  term  '  anatomical  tubercle,'  or  verruca 
necrogenica,1  a  condition  of  the  hands  and  fingers  due  to  the  constant  contact  with 
the  morbid  fluids  of  dead  bodies.  It  consists  in  a  chronic  thickening  of  the  skin, 
and  may  be  followed  by  a  peculiar  form  of  furunculus.  It  either  begins  as  an  active 
pustule  arising  from  absorption  by  the  skin,  or  takes  its  origin  in  a  wound  :  the 
morbid  change  is  a  slow  one — a  warty  thickening  of  the  epithelium,  which  in  course 
of  time  becomes  of  a  dark  colour  and  fissured,  until  a  kind  of  ichthyotic  condition 
is  produced.  Some  affirm  that  they  have  met  with  these  tubercles  in  persons  who 
have  not  been  exposed  to  this  agency. 

This  affection  will  usually  disappear  under  the  repeated  use  of  the  acid  nitrate  of 
mercury,  or  strong  nitric  acid  to  the  affected  skin. 

But  in  rare  and  isolated  instances,  dissecting-wounds  are  attended  with  serious 
symptoms,  often  leading  to  fatal  results.  Two  forms  have  been  recognised,  the  mild 
and  the  acute.  These  terms  define  only  as  to  degree,  and  may  merely  indicate  that 
in  the  one  instance  the  poison  is  of  a  mild  character,  and  the  constitution  sufficiently 
strong  to  counteract  and  withstand  its  effects ;  while  in  the  other,  the  dose  of  the 
poison  is  intense,  and,  being  developed  in  an  over-susceptible  individual,  generally  of 


1  Wilks,  Guy's  IIosp.  Rep.,  Series  III.  vol.  viii,  p.  263. 
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feeble  power,  is  followed  by  grave  symptoms,  or  even  a  speedy  fatal  termination. 
There  is  no  doubt,  however,  that  many  cases  now  described  by  the  common  title  of 
dissecting  wounds  are  dependent  upon  a  materies  morbi  of  a  specific  kind,  and  will 
sooner  or  later  be  classified  under  a  distinct  pathological  heading. 

The  symptoms  in  the  mild  form  partake  more  or  less  of  the  ordinary  characters 
of  non-specific  inflammation,  and  often  present  scarcely  any  noticeable  characteristic 
signs;  thus,  the  local  appearances  consist  in  the  puncture  assuming  a  defined  red 
aspect,  which  soon  becomes  pustular ;  this  bursts,  and  ends  in  an  unhealthy  suppura- 
tion :  there  is  surrounding  erythema,  of  an  erratic  form,  and  inflammation  and  pain 
extends  along  the  forearm  aud  arm  to  the  axilla,  ending  in  the  enlargement  and 
suppuration  of  the  glands.  The  constitutional  effects  consist  in  febrile  disturbance, 
loss  of  appetite,  diarrhoea,  foetid  eructations,  and  breathing,  &c.  The  prognosis  and 
termination  are  favourable  ;  and  the  treatment  required  is  to  be  based  upon  general 
principles. 

The  symptoms  of  the  acute  or  severe  form  are  those  of  a  truly  specific  disease  : 
the  local  signs  commence  by  the  appearance  of  a  small  circular  or  oval  vesicle  over 
the  seat  of  puncture,  which  soon  becomes  turbid,  milky,  and  pustular,  and  not  un- 
frequently  has  a  defined  maigin  resembling  that  of  the  small-pox  vesicle.  It  is 
generally  unattended  with  pain  ;  but  the  patient  often  complains  of  intense  pain  in 
the  shoulder  and  about  the  axilla,  which  shoots  down  the  chest.  The  glands  in  the 
axilla  are  early  affected,  and  seem  to  act  as  barriers  to  the  further  progress  of  the 
poison ;  they  become  enlarged,  and  the  surrounding  cellular  tissue  is  infiltrated 
with  serous  effusion ;  there  is  erythema  and  puffy  swelling.  These  extend  to  the 
subscapular  and  pectoral  regions,  spreading  down  the  side  of  the  chest,  yielding  to 
pressure,  and  imparting  a  peculiar  spongy  feel.  There  is,  besides,  an  cedematous  and 
doughy  condition  of  the  arm  and  forearm,  owing  to  serous  exudation  into  the  cellu- 
lar tissue,  but  seldom  if  ever  passing  into  suppuration. 

The  constitutional  symptoms  are  at  first  those  of  strong  excitement ;  but  these 
are  soon  followed  by  those  of  extreme  depression  of  spirits,  and  much  suffering. 
Rigors,  headache,  prostration  of  strength,  vomiting,  &c.  supervene ;  and,  lastly,  all 
the  symptoms  of  low  typhoid  fever  rapidly  set  in. 

There  are  several  deviations  from  the  foregoing  description  :  thus,  in  some  cases, 
the  poison  may  enter  the  system  without  involving  the  absorbent  glands  ;  in  others, 
death  may  ensue  from  precursory  fever,  before  the  appearance  of  any  severe  local 
disease,  as  in  the  case  of  Mr.  Ellcock.1  Again,  the  symptoms  may  be  attended  with 
diffused  suppuration  and  pyaemia  ;  and  in  some,  gangrene  or  sloughing  of  the  integu- 
ments and  cellular  tissue  may  ensue.  These  circumstances  depend  for  the  most  part 
on  the  acuteness  and  strength  of  the  local  action,  and  the  previous  habits  and  con- 
dition of  the  patient. 

Pleurisy  is  a  not  infrequent  consequence  of  suppuration  in  the  portion  of  the 
axillary  space  lying  posterior  to  the  pectoralis  minor  and  its  fascia.  The  impli- 
cation of  the  pleura  of  the  affected  side  is  probably  the  result  of  a  direct  extension 
of  inflammation  to  the  interior  of  the  thorax  by  means  of  the  lymphatic  channels, 
and  the  various  apertures  for  the  transmission  of  nerves  and  blood-vessels  through 
the  intercostal  spaces.  This  condition  is  to  be  distinguished  from  the  empyema 
which  may  appear  on  either  or  both  sides  as  a  manifestation  of  pyaemia. 

The  prognosis  is  generally  unfavourable.  When  death  does  not  take  place 
immediately,  sloughing  and  profuse  suppuration  render  the  recovery  tedious  and  pro- 
tracted, taxing  the  patient's  constitution  to  its  utmost. 

Pathology. — It  has  already  been  remarked  that  the  cases  classed  together  under 
the  heading  of  '  dissecting  wounds '  are  not  all  of  the  same  nature.  Some  appear  to 
be  examples  of  ordinary  lymphangeitis,  such  as  may  occur  in  connection  with  wounds 
of  various  kinds ;  in  other  instances  the  symptoms  are  explained  by  the  contact  and 
absorption  of  putrescent  fluids  ;  while  in  a  third  group,  in  which  the  initial  lesion  is 
usually  contracted  during  post-mortem  examinations  of  subjects  that  have  died  of 
such  diseases  as  erysipelas  or  carbuncle,  the  constitutional  symptoms  are  extremely 

1  Travel's,  On  Constitutional  Irritation. 
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grave  ;  bear  no  proportion  to  the  local  signs,  and  may  precede  them  j  are  little  modified 
by  the  general  physical  condition  of  the  patient ;  and  tend  to  preserve  the  same  type 
when  appearing  in  different  individuals  who  have  been  inoculated  with  the  same 
virus.  These  phenomena  are  probably  to  be  accounted  for  by  a  transplantation  into 
the  system  of  living  organisms,  comparable  to  the  Bacillus  anthracis,  and  possibly  of 
many  kinds.    Pyaemia  may  occur  as  a  complication  in  any  of  the  forms. 

Treatment. — Local  and  constitutional  treatment  is  required.  The  local  applica- 
tions should  be  employed  immediately,  decisively,  and  effectually.  Should  a  person  be 
in  bad  health  at  the  time  of  receiving  a  prick  or  wound  during  dissection,  no  matter 
what  condition  the  subject  be  in,  it  behoves  him  to  pay  immediate  attention  to  the 
injury,  and  anticipate  any  further  consequences;  but  should  the  wound  be  received 
whilst  engaged  on  a  recent  subject,  and  one  which  has  died  from  acute  disease,  much 
more  caution  and  attention  is  required,  even  if  the  patient  be  in  good  health.  The  part 
should  be  well  cleansed,  and  a  temporary  ligature  applied  immediately  above  the 
wound  ;  then  the  bleeding,  if  any,  should  be  encouraged  to  flow  freely  :  where  there 
is  no  bleeding,  suction  must  be  employed.  After  such  preliminaries.,  caustics  are 
to  be  applied  freely  to  the  punctured  wound,  which  may  be  enlarged  if  necessary  ; 
nitric  and  sulphuric  acids,  caustic  potash,  nitrate  of  silver  and  chloride  of  zinc,  are 
generally  recommended.  Directly  there  is  any  irritation  or  inflammation  in  the 
site  of  the  wound,  a  free  incision  must  at  once  be  made,  and  bleeding  encouraged  \ 
and  should  there  be  a  tendency  to  erythematous  extension,  a  circular  line  may  be 
made  around  the  part  with  the  nitrate  of  silver,  so  as  to  prevent  any  further  spread- 
ing. When  the  disease  has  fully  set  in,  warm  fomentations,  and  incisions  where 
required,  must  be  had  recourse  to. 

So  soon  as  the  constitution  begins  to  suffer,  immediate  removal  to  country  air  is 
advisable,  and  the  powers  of  life  must  be  kept  up  by  tonics,  stimulants,  sedatives, 
&c,  as  the  case  may  require.  But  fresh  air  and  good  nourishing  diet  will  do  more 
in  combating  the  effects  of  the  poison  than  medicinal  measures. 

2.  Poisoned  Wounds  from  Healthy  Animals  ;  the  Stings  op  Insects,  Bites 

op  Serpents,  &c. 

With  regard  to  poisoned  wounds  produced  by  the  bites  and  stings  of  insects  in 
this  country,  little  need  be  said ;  these  are  for  the  most  part  attended  by  mild  symp- 
toms, and  are  cured  by  simple  topical  remedies.  In  the  warmer  latitudes,  however, 
the  stings  of  the  scorpion,  of  the  larger  centipedes,  and  of  certain  spiders,  may  be 
attended  with  grave  and  even  fatal  results,  especially  in  young  children  and  feeble 
persons.  It  must  not  be  forgotten,  moreover,  that  mosquitoes  and  other  insects 
which  are  not  credited  with  the  power  of  seriously  injuring  man  may  be  the  means 
of  conveying  and  implanting  the  gerttis  of  such  diseases  as  lymph-scrotum  and 
malignant  pustule,  and  perhaps  of  leprosy,  beriberi,  and  many  more. 

The  sting  of  bees  and  Wasps  is  generally  left  in  the  wound,  and  should  be  extracted 
with  care,  and  the  after-irritation  allayed  by  the  application  of  cold  or  stimulating 
lotions,  or  protection  from  the  air  by  means  of  flour,  chalk,  &c.  Sometimes  through 
accident,  as  in  eating  fruit,  the  insect  may  be  swallowed,  and  in  its  passage  through  the 
fauces  may  excite  a  severe  and  diffused  inflammation,  which  may  extend  to  the  glottis 
and  produce  impending  suffocation  ;  this  must  be  treated  promptly  by  scarifications, 
leeches,  &c,  or,  if  necessary,  by  laryngotomy. 

Poisoned  wounds  from  the  bites  of  serpents  are  much  more  formidable ;  they  are 
occasioned  by  a  class  of  serpents  termed  venomous,  which  have  a  special  apparatus 
for  secreting  a  poison  at  the  base  of  the  upper  fangs,  by  which  they  are  enabled  to 
inflict  an  injury  and  produce  the  most  serious  and  dangerous  symptoms,  in  some 
instances  causing  speedy  death.1 

The  viper  is  the  only  poisonous  reptile  in  England ;  but  in  other  parts  of  the 
world  there  are  several,  such  as  the  rattlesnake,  the  whipcord  snake,  the  phoorsa- 

1  For  a  description  of  the  Venomous  serpents,  see  Apfesdix. 
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snake  of  the  East  Indies,  the  cobra  di  capello,  daboia,  bungarus,  Sec.  in  India.  Some 
of  these  are  brought  to  this  country  for  exhibition,  and  now  and  then  fatal  instances 
are  witnessed  of  the  effects  of  their  bite  on  man. 

The  bite  of  the  European  viper  is  seldom  deadly  in  this  country. 

The  violence  of  the  symptoms  varies  greatly,  being  probably  governed  chiefly  by 
the  quantity  of  poison  injected.  It  has  been  shown  that  when  the  glands  have  been 
exhausted  in  previous  bites,  the  animal  is  comparatively  harmless.  The  local 
signs  are — rapid  swelling  of  the  injured  part,  owing  to  a  peculiar  extravasation 
of  blood  into  the  tissues  around  the  point  of  inoculation  ;  more  or  less  severe 
pain  at  the  seat  of  injury  ;  and  subsequently  swelling  and  discoloration  of  the  whole 
limb. 

Constitutional  symptoms  develop  speedily,  taking  the  form  of  extreme  prostra- 
tion, with  thirst  and  sickness,  and  in  some  cases  diarrhoea  and  suppression  of  urine 
At  a  later  period  paralyses  of  motor  nerves  may  appear.  Complete  recovery  is 
often  slow,  the  limb  remaining  swollen,  weak  and  stiff  for  weeks,  and  even  months. 

Occasionally  the  bite  is  fatal,  the  patient  dying  between  the  second  and  sixth  day 
from  asthenia  or  asphyxia.  In  these  cases  the  poison  had  probably  been  injected 
into  a  vessel,  or  its  absorption  had  been  aided  by  the  muscular  effort  of  walking  for  a 
distance  in  search  of  assistance. 

The  symptoms  generally  observed  in  poisoned  wounds  by  the  more  deadly 
tropical  serpents  are  the  following  : 

Immediately  there  is  more  or  less  haemorrhage  from  the  wound,  and  shortly 
after  the  bite  there  is  a  pricking,  burning  pain,  extending  rapidly  upwards  and 
becoming  very  acute.  These  symptoms,  however,  are  not  always  constant.  Soon 
afterwards  the  part  and  limb  become  discoloured  and  swell  rapidly,  owing  to  the 
extravasation  of  blood  into  the  tissues.  The  amount  of  the  effusion  depends  upon 
the  tissues  implicated  by  tbe  wound.  It  may,  however,  be  absent  altogether  when 
the  poison  directly  enters  a  vessel. 

These  local  symptoms  increase  progressively,  extending  upwards,  and  attended 
with  the  most  excruciating  agony.  The  extremity  becomes  larger  and  more  and  more 
discoloured,  until  the  skin  offers  every  tint  of  an  old  bruise  :  thus  the  limb  at  first 
may  assume  a  dark  red  appearance,  or  become  pallid  and  colourless ;  but  as  the 
disease  advances,  a  series  of  abnormal  colours  are  met  with,  passing  from  red  to 
white,  and  from  white  to  a  blue,  violet,  grey,  leaden,  or  marble  hue.  The  secondary 
effects  soon  make  their  appearance  in  the  shape  of  inflammation  and  disorganisation. 
The  inflammation  may  take  various  forms ;  in  some,  a  diffused  inflammation  of  the 
cellular  tissue ;  in  others,  a  superficial  erysipelatous  condition  ;  in  others,  absorbent 
inflammation  ;  in  others,  local  thrombosis  ;  and  in  others,  a  plastic  fibrinous  effusion, 
an  cedematous  infiltration,  or  an  effusion  of  sanguineous  material,  giving  an  appear- 
ance of  ecchymosis.  The  glands  in  the  axilla  &ve  generally  enlarged  and  involved 
early  when  the  upper  extremity  is  the  part  wounded,  and  the  glands  in  the  groin 
when  the  bite  is  in  the  lower  extremities.  These  glands  inflame  and  suppurate,  and 
form  sinuses  and  fistulous  openings.  The  limbs  become  stiff  and  difficult  to  move, 
from  infiltration  of  the  cellular  tissue  between  the  muscles.  Phlyctenae  and  bullae 
appear  on  the  surface,  filled  with  sanious  fluid.  The  part  grows  livid  and  cold, 
and  gangrene  may  set  in. 

The  constitutional  symptoms  are  early  and  rapidly  developed.  There  is  general 
derangement  of  the  nervous  system,  evinced  by  terror,  great  anxiety,  depression,  and 
prostration  ;  profuse  cold  sweats,  difficulty  of  breathing,  vomiting,  bilious  stools,  and 
in  some  cases  a  universal  yellowness  of  the  skin,  with  excruciating  pain  at  the 
navel.  In  bites  from  the  rattlesnake  and  the  cobra,  the  local  and  constitutional 
symptoms  take  place  nearly  simultaneously ;  the  vital  principle  is  from  the  first 
exhausted  suddenly,  as  though  by  a  stroke  of  lightning ;  the  blood  ceases  to  flow  in 
the  smaller  vessels  of  the  swollen  part ;  the  superincumbent  skin  feels  deadly  cold  : 
the  pulse  is  scarcely  perceptible ;  the  stomach  so  irritable  that  nothing  can  be  re- 
tained in  it;  dejection  and  horror  overpower  the  mind,  and  a  low  muttering  de- 
lirium closes  the  scene.    Tn  the  case  of  one  of  the  keepers  of  the  Zoological  Gardens, 
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who  was  bitten  on  the  bridge  of  the  nose  by  a  cobra  some  years  ago,  half  an  hour 
only  had  elapsed  when  he  was  apparently  dying,  being  unable  to  speak,  swallow,  or 
support  himself;  the  pupils  were  dilated,  face  livid,  heart's  action  feeble,  and  he  was 
scarcely  conscious.  Death  took  place  in  little  more  than  an  hour  from  the  infliction 
of  the  wound. 

The  symptoms  produced  by  the  bites  of  the  Thanatophidia  are  not  always  of  the 
same  nature.  As  Sir  Joseph  Fayrer  has  shown,  the  poison  of  the  Daboia  Russelii 
causes  a  kind  of  narcotism,  the  victim  dying  as  though  from  an  overdose  of  opium, 
and  presenting  an  absence  of  suffering  that  contrasts  strongly  with  the  condition 
observed  after  the  bite  of  most  other  poisonous  snakes. 

The  prognosis  is  unfavourable ;  rapid  death  is  the  general  result ;  but,  should 
recovery  take  place,  it  is  usually  protracted,  owing  to  the  large  amount  of  surface 
injured,  and  the  immense  call  upon  nature's  power  of  repair,  often  overtasking  it, 
and  finally  leaving  the  limb  useless,  either  from  stiffness  of  the  joints  or  agglutination 
of  the  muscles  by  the  effusion. 

In  some  instances  the  recovery  has  been  sudden  and  complete  ;  so  abrupt  as  to 
form  a  striking  contrast  to  the  severity  of  the  constitutional  symptoms.  In  one 
case  the  patient  was  considered  moribund,  but  shortly  afterwards  the  symptoms  all 
passed  off,  and  he  was  able  to  pursue  his  ordinary  avocation.  The  most  rapid 
death  in  the  cases  cited  by  Mitchell  was  five  and  a  half  hours ;  one  patient  died 
comatose,  another  with  dyspncea  and  dysphagia,  and  a  third  felt  sleepy  and  died 
without  agony.  Sir  E.  Home's  patient  died  on  the  seventeenth  day  with  well- 
expressed  typhous  symptoms. 

The  diagnosis  is  generally  simplified  by  the  history  ;  but  in  cases  of  doubt  as  to 
the  venomous  nature  of  the  reptile,  a  careful  examination  of  the  wound  will  reveal 
the  deep  punctures,  usually  two  in  number,  caused  by  the  poison  fangs,  an  appearance 
differing  from  the  zigzag  lines  produced  by  the  teeth  of  the  innocuous  serpents. 

The  morbid  appearances  in  the  bodies  of  persons  dying  from  serpent-poison  are 
not  characteristic.  There  is  generally  absence  of  muscular  rigidity ;  the  body  is 
more  or  less  swollen  and  abnormally  coloured,  at  times  presenting  bullae  and  unhealthy 
ulcers  :  the. head  and  brain  often  contain  much  serum,  and  there  is  much  increase  in 
the  cerebro-spinal  fluid  ;  and  the  internal  organs  are  congested. 

Mitchell  found,  among  the  most  constant  and  most  curious  lesions  in  the  cases 
which  he  classes  as  secondary  poisoning,  ecchymoses  on  and  in  the  viseera  of  the 
chest  and  belly ;  most  frequently  affecting  the  intestinal  canal,  though  they  may  and 
do  occur  in  any  cavity  and  on  any  organ.  These  spots  contain  blood  whose  globules 
are  more  or  less  deformed,  but  still  of  dimensions  not  less  than  usual.  As  they  do 
not  appear  until  the  blood  is  considerably  altered,  and  as  the  intravascular  blood- 
discs  undergo  no  apparent  change,  this  leakage  of  the  blood  into  the  serous  cavities 
and  areolar  interspaces  is  plainly  due  to  the  loss  of  coagulating  power  in  the  fluid, 
or  to  alterations  in  the  vascular  tubes,  or  perhaps  to  both  of  these  causes. 

The  venom  of  the  cobra  dees  not  affect  the  coagulability  of  the  blood,  owing 
perhaps,  as  suggested  by  Sir  Joseph  Fayrer,  to  the  rapidity  with  which  death  follows 
inoculation ;  but  after  the  bite  of  the  Daboia  and  most  other  poisonous  serpents,  the 
blood  is  found  completely  and  permanently  fluid.  The  poison  of  the  rattlesnake  not 
only  deprives  the  blood  of  its  power  of  coagulation,  but  causes  its  rapid  decomposition, 
and  the  altered  fluid  appears  to  have  a  solvent  action  upon  the  walls  of  the  vessels, 
and  becomes  extensively  extravasated  into  the  perivascular  tissues,  but  no  essential 
change  has  been  discovered  in  its  microscopic  characters. 

All  animals  are  not  in  an  equal  degree  susceptible  to  the  action  of  the  poison. 
Thus,  the  pig  appears  to  be  comparatively  little  affected  even  by  the  bite  of  the  more 
venomous  snakes.  The  virus  is  quite  inert  when  injected  into  the  serpent  by  which 
it  is  secreted  or  into  a  reptile  of  the  same  or  of  an  equally  venomous  species ;  it 
will,  however,  destroy  snakes  of  a  less  poisonous  kind,  and  kill  the  innocuous  snakes 
as  readily  as  animals  that  do  not  belong  to  the  ophidia. 

It  may  be  swallowed  with  impunity,  and  does  not  reappear  in  the  excretions. 
The  flesh  of  a  poisoned  animal  is  also  uninjurious  as  a  food,  but  the  blood  of  a  poisoned 
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animal  causes  symptoms  of  poisoning  when  inoculated,  and  it  is  probable  that  por- 
tions of  flesh  would  exert  a  similar  power. 

Treatment. — Sir  Joseph  Fayrer's  experiments  prove  that  even  the  most  immediate 
and  energetic  prophylactics  are  incapable  of  preventing  altogether  the  absorption  and 
effects  of  the  venom.  The  principal  local  measures  which  are  used,  less  in  the  hope 
of  wholly  intercepting  the  entrance  of  the  poison  into  the  system,  than  of  limiting  as  far 
as  possible  the  quantity  admitted  into  the  circulation,  are — the  instant  application  of  a 
tight  ligature  above  the  seat  of  inoculation,  suction  of  the  wound,  scarification, 
cautery  where  available,  excision  of  the  part — or  even  amputation  when  only  a  finger 
or  a  toe  is  involved. 

Many  substances  have  had  the  reputation  of  a  value  as  antidotes,  but  none  of 
these  have  withstood  the  test  of  scientific  experiment.  The  Indian  snake-charmers 
sometimes  pretend  to  possess  a  plant  by  which  the  ichneumon  is  supposed  to  escape 
the  effects  of  the  bite  of  the  cobra,  but  it  is  known  that  the  animal  depends  for  its 
safety  upon  its  address  and  agility,  and,  once  bitten,  it  is  speedily  beyond  the  aid  of 
remedies. 

Halford's  experiments  induced  him  to  believe  that  ammonia  injected  into  the 
veins  would  counteract  the  virus  of  deadly  serpents.  He  maintained  that  the  poison 
renders  the  blood  inert  and  sluggish,  disposes  it  to  coagulate,  and  causes  morbid 
changes,  which  soon  entirely  alter  the  appearance  of  the  corpuscles,  while  ammonia 
prevents  coagulation,  arrests  the  stagnation  of  the  vital  fluid,  awakens  the  action  of 
the  nerves,  and  stays  the  process  of  deterioration.  This  remedy  has  now  been 
tried  carefully  by  many  observers,  and  with  the  almost  invariable  result  of 
finding  it  to  be  useless  or  even  dangerous.  In  some  cases,  however,  recovery  has 
followed  its  administration ;  but  it  is  probable  that  the  fortunate  termination  was 
attributable  either  to  the  potential  or  quantitative  insufficiency  of  the  virus  injected, 
or,  in  part,  to  the  suction  and  other  means  employed  in  conjunction  with  the  use  of 
the  drug. 

Ammonia,  alcohol,  and  other  stimulants  are,  however,  of  value  to  counteract  the 
depressing  effect  of  the  poison,  and  should  be  given  by  the  mouth  in  large  and 
frequent  doses.  They  may  be  reinforced,  if  necessary,  by  a  galvanic  current  over  the 
cardiac  region,  and  sinapisms  to  the  calves  and  soles.  Food  and  stimulants  may  be 
administered  by  the  rectum  when  the  stomach  is  irritable. 

Arsenic  has  been  given  in  several  cases  with  apparent  success,  and  has  been 
employed  in  the  shape  of  Fowler's  solution  in  two-drachm  doses  every  half-hour 
for  four  successive  hours.  Iodine  also  has  been  used  in  poisoned  wounds  from  the 
phoorsa-snake. 

The  topical  application  of  a  lotion  of  liqixor  potassse  (3  parts  to  10  of  warm 
water),  combined  with  the  internal  administration  of  the  same  drug  in  conjunction 
with  alcoholic  stimulants,  has  been  recommended  by  Dr.  Shortt  as  a  curative  agent ; 
and  Dr.  Lacerda  of  Brazil  claims  to  have  found  a  valuable  remedy  in  the  hypodermic 
injection  of  a  solution  (1  per  cent.)  of  permanganate  of  potash  at  the  seat  of  wound 
and  into  the  swollen  tissues  beyond.  These  plans  are  at  present  under  trial ;  it  may, 
however,  be  remarked  with  regard  to  both  that  the  beneficial  effects  attributed  to 
them  may  be  due  to  the  destruction  of  unabsorbed  poison  near  the  point  of  inocula- 
tion—  a  work  that  other  agents  can  accomplish — but  it  appears  improbable  that  the 
measures  are  antidotal  to  any  virus  that  has  already  entered  the  circulation. 

Should  the  patient  rally  from  the  immediate  effects  of  the  poison,  we  must  keep 
up  the  powers  and  combat  the  succeeding  symptoms  by  means  of  tonics  and 
support. 

Alfred  Poland,  1870. 
William  Anderson,  1882. 
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3.  Poisoned  "Wounds  derived  from  Diseased  Animals. 

Of  these  we  shall  only  allude  to  three  classes,  viz.  Hydrophobia,  Glanders,  and 
Foot  and  Mouth  Disease.1 

1.  HYDROPHOBIA. 

Syn.  Rabies  canina,  Lyssa,  Wuth,  Hundswuth,  Wasserscheu,  La  rage. 

Hydrophobia  is  a  disease  originating  in  the  canine  race  and  transferable  to  man, 
and  to  other  animals,  by  inoculation  of  a  virus  resident  in  the  saliva.  It  is 
characterised  by  the  development,  after  a  long  period  of  incubation,  of  a  peculiar  and 
almost  invariably  fatal  train  of  nervous  symptoms,  commencing  with  extreme 
psychical  depression  ;  passing  on  to  intense  hyperesthesia  of  the  sensory  nerves,  and 
reflex  paroxysms  of  general  spasm,  associated  with  insane  impulses ;  and  tending  to 
terminate  in  paralysis  and  exhaustion. 

The  dread  of  water,  from  which  the  disease  derives  its  ordinary  name,  is  merely  a 
result  of  the  suffering  provoked  by  attempts  to  swallow  fluids,  and  is  not  constant. 

Though  hydrophobia  is  so  rare  a  disease  that  the  great  majority  of  medical 
practitioners  are  absolutely  without  experience  of  it,  the  mystery  enshrouding  its 
pathology,  the  relentless  course  of  its  symptoms,  and  the  lurid  light  cast  upon  it  by 
popular  delusions,  have  given  it  a  prominence  in  literature  and  legislation  altogether 
out  of  proportion  to  the  numerical  extent  of  its  ravages. 

Rabies  in  the  Lower  Animals. 

Before  describing  the  affection  as  it  appears  in  man,  it  is  necessary  that  it  should 
be  carefully  studied  in  the  animals  from  which  it  may  be  conveyed  to  the  human 
subject.  The  great  agents  in  its  diffusion  are  the  Canida?,  the  fountain-head  of  the 
disease ;  but  other  animals,  as  the  cat,  the  ox,  the  sheep,  the  pig,  the  horse,  &c.  may 
contract  the  complaint,  and  in  turn  may  transfer  it  by  inoculation  to  man. 

A  study  of  the  history  of  canine  rabies  in  its  spread  from  place  to  place  points 
strongly  to  the  conclusion  that  the  germs  of  to-day  are  the  lineal  descendants  of  those 
of  past  ages,  and  the  knowledge  conveyed  in  the  reports  of  the  vast  majority  of 
carefully  observed  cases  strengthens  this  view,  but  the  possibility  of  the  development 
of  new  foci  by  autogenesis  has  many  supporters.  In  connection  with  this  question, 
considerable  weight  attaches  to  the  observation  of  Schrader,2  that  when  hydrophobia 
was  prevailing  in  Hamburg  and  its  vicinity,  no  outbreak  appeared  on  the  islands 
of  the  Elbe,  although  on  both  sides  of  the  river  the  disease  was  of  frequent  occurrence. 
Similar  facts  have  been  collected  by  Virchow  and  others.  On  the  other  hand,  the 
arguments  in  favour  of  spontaneous  development  rest  upon  isolated,  and  in  many 
instances  imperfectly  investigated,  cases,  and  are  insufficient  to  throw  a  serious  doubt 
upon  the  more  generally  accepted  view. 

The  circumstances  which  have  been  supposed  to  influence  the  prevalence  of  the 
disease  are  as  follows  : — 

Season. — The  belief  that  the  disease  belongs  to  the  hot  months,  and  that  it  is 
limited  to  the  caniculares  dies,  is  as  widely  spread  as  the  faith  in  the  meteorological 
portent  of  a  wet  St.  Swithin's  day  ;  but  statistics,  as  shown  by  a  table  of  over  3,000 
cases  quoted  in  the  '  Diet.  Encyclop.  des  Sciences  Medicales,'  3  prove  that  the  respec- 
tive averages  of  prevalence  in  the  four  seasons  differ  but  slightly  from  each  otber, 
and  that  the  balance  of  numbers  is  actually  somewhat  in  favour  of  the  spring 
quarter,  while  the  summer  total  does  not  exceed  that  of  the  winter. 

Thirst  and  hunger. — The  causative  connection  of  insufficiency  of  food,  and  more 

1  For  Malignant  Pustule  or  Anthrax,  see  the  essay  on  Surgical  Affections  of  the 
Skin. 

2  Quoted  by  Bollinger,  Ziemssen's  Handbuch  der  Spec.  Path.  u.  Ther.,  Bd.  53. 

3  The  valuable  article  '  Kage  '  in  this  work,  and  Reder's  contribution  '  Die  Hundswuth,' 
forming  Lief.  10  of  the  Deutsche  Chirvryie  may  be  referred  to  for  statistical  and  bibliographical 
information. 
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particularly  of  water,  with  rabies,  though  an  article  of  belief  to  a  large  section  of  the 
public,  is  negatived  by  the  results  of  the  direct  experiments  of  Majendie  and  others, 
and  by  the  absence  of  any  excessive  prevalence  in  places  where  there  is  a  comparative 
lack  of  available  food  and  water  supply  for  the  lower  animals. 

Privation  of  sexual  intercourse  as  an  agent  in  the  development  of  rabies  has 
received  some  scientific  support.  Wild  canidas,  however,  which  are  subject  to  no 
artificial  sexual  restraints,  surfer  from  frequent  and  extensive  outbreaks  of  the  disease. 

Incubation. — The  shortest  period  according  to  Youattis  fourteen  days,  but  a  few 
instances  have  been  reported  in  which  the  term  has  been  less.  In  only  one  per 
cent,  of  the  cases  collected  did  it  exceed  three  months. 

Symptoms. — Two  forms  of  canine  rabies  are  usually  recognised — the  furious  and 
the  mute ;  but,  while  accepting  the  distinction  as  in  many  respects  convenient,  it 
must  be  remembered  that  one  form  may  pass  into  the  other,  and  that  intermediate 
conditions  occur. 

a.  The  phenomena  of  the  furious  form  may  be  divided  into  three  periods  :  the 
stage  of  physical  depression,  the  furious  stage,  and  the  stage  of  paralysis  and  ex- 
haustion. 

The  chief  characteristics  of  the  first  period  are  as  follows  : 

Alteration  of  manner. — This  may  take  the  form  of  apathy  and  a  tendency  to 
isolation,  or  of  agitation  and  restlessness,  or  the  two  conditions  may  alternate.  The 
affections  are  usually  unchanged  and  the  animal  recognises  and  obeys  its  master,  but 
there  is  frequently  an  abnormal  irritability  with  regard  to  strangers.  There  is 
however,  no  especial  inclination  to  bite  animals  of  its  own  species. 

Certain  evidences  of  a  disordered  condition  of  the  digestive  tract  form  a  marked 
feature.  The  salivary  secretion  is,  as  yet,  not  obviously  altered,  but  the  dog  drinks 
greedily ;  licks  stones  and  other  cold  objects;  swallows  rags,  fragments  of  wood,  and 
any  other  indigestible  substances  that  lie  in  his  way ;  and  is  often  observed  to  work 
at  the  corners  of  his  mouth  with  his  paws  :  vomiting,  perhaps  excited  by  the 
unwonted  ingesta,  is  often  present ;  and  there  is  usually  constipation.  The  appe- 
tite, always  depraved,  is  commonly  increased  to  the  extent  of  voracity. 

Growths,  called  the  sublingual  vesicles  or  lyssce  of  Marochetti,  ranging  in  size 
from  a  millet  seed  to  a  harvest  bean,  have  been  seen  on  or  near  the  frcenum  linguce. 
Their  presence  is,  however,  exceptional,  and  probably  not  characteristic. 

Great  sensibility  of  the  bitten  place,  indicated  by  the  dog's  pertinacity  in  licking, 
scratching,  or  gnawing  it,  has  been  repeatedly  observed,  and  may  lead  to  the  dis- 
covery of  a  wound  or  scar  in  cases  in  which  the  injury  had  not  been  suspected.  The 
sign  is  more  significant  if  associated  with  an  unusual  insensibility  to  pain  as  ordi- 
narily inflicted. 

Alteration  of  the  voice  gives  the  first  warning  of  the  danger.  Youatt  speaks  of 
the  sound  as  an  ordinary  bark  which  suddenly  terminates  in  a  peculiar  manner  in  a 
howl  of  five,  six,  or  eight  tones  higher  than  at  the  commencement,  and  the  descriptions 
of  Hertwig,  Blaine,  and  other  authorities,  although  differing  from  this  and  from  each 
other  in  detail,  all  agree  as  to  the  existence  of  a  peculiar  change  of  timbre  associated 
with  an  elevation  of  note. 

Among  other  points  that  have  been  not  unfrequently  noted  are  general  hyper- 
esthesia of  the  senses,  sudden  fits  of  sleepiness,  and  excitement  of  the  sexual  instincts. 
These  symptoms  continue  for  two  or  three  days,  and  then  give  place  to  those  of  the 
next  stage. 

Second  or  Furious  stage. — A  disposition  to  bite  now  shows  itself.  The  dog  may, 
however,  still  know  his  master,  and  unless  irritated  or  interfered  with,  may  make 
no  attempt  to  attack  persons  with  whom  he  is  acquainted,  but  his  pugnacity  is 
always  excited  by  the  sight  of  strangers,  and  to  an  especial  degree  by  the  presence 
of  other  animals  of  his  own  species.  It  is  a  curious  but  well-attested  fact  that 
healthy  dogs,  even  when  naturally  courageous,  manifest  fear  of  one  who  is  rabid. 

An  impulse  to  run  at  large  soon  appeal's — a  symptom  of  serious  portent,  as  such 
a  departure  from  the  usual  home  instincts  of  a  domesticated  dog  indicates  a  great 
psychical  change  to  be  explained  only  hy  grave  central  lesion.    The  animal,  if  con- 
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fined,  tries  to  escape  and  gnaws  his  chain,  or  the  door  or  bars  that  imprison  him. 
Once  free,  he  runs  swiftly  and  aimlessly,  not  like  the  cowed  and  hunted  brute,  the 
'  mad  dog '  of  the  streets,  that  only  seeks  deliverance  from  his  persecutors,  but, 
insensible  to  pain,  with  fearless  eye,  and  extended  tail,  he  checks  his  speed  only  to 
make  fierce  and  unprovoked  attacks  upon  any  creatures  that  excite  his  mad  rage. 
At  last,  the  terrible  course  ended  by  sheer  exhaustion,  he  falls  asleep,  or  in  a  kind 
of  remission  may  crawl  to  his  home  ;  but  in  either  case,  repose  brings  a  renewal  of 
the  symptoms,  which  are  to  end  only  when  paralysis  and  collapse  remove  the  capacity 
for  further  effort.  Hydrophobia  is  still  conspicuously  absent,  and  the  animal  will 
even  stop  to  drink,  or  to  try  to  drink,  any  water  he  may  perceive  during  his  race. 
The  salivary  secretion  is  commonly  increased,  and  foaming  at  the  mouth,  another 
popular  sign  of  rabies,  is  often  present ;  but  the  appearance  has  little  value  either  in  a 
positive  or  negative  sense. 

If  the  dog  be  kept  in  confinement  during  the  furious  stage,  the  symptoms  are 
chiefly  marked  by  restlessness,  constant  attempts  to  escape,  great  excitability  of  the 
senses,  and  furious  paroxysms ;  the  latter  are  sometimes  excited  by  real,  sometimes 
by  imaginary  objects,  and  may  alternate  with  a  kind  of  delirium  ;  but  it  is  remark- 
able that  the  insanity,  however  violent,  is  not  necessarily  absolute,  as  the  animal 
may  be  able  to  recognise  bis  master,  and  even  to  control  his  impulses  so  far  as  to 
obey  the  well-known  voice  of  authority. 

The  third  or  paralytic  stage  gradually  replaces  the  furious  period,  and  is  com- 
monly ushered  in  by  an  alternation  of  feeble  delirious  paroxysms  with  a  kind  of 
typhomania.  Rapidly  increasing  emaciation  and  loss  of  strength  appear,  associated 
with  manifestations  of  paralysis  of  the  nerve-centres ;  the  head  droops,  the  jaw 
hangs  powerless,  the  eye  is  glazed  and  dull,  the  voice  becomes  extinct,  the  hind  legs 
drag,  and  at  length  the  clog,  a  pitiable  object,  sinks  prostrate  until  the  advent  of 
unconsciousness,  and  its  close  attendant,  death.  The  delirium  usually  subsides 
during  this  stage,  and  the  animal  may  show  a  veiled  intelligence ;  but  in  some 
cases  the  apparently  dying  creature  may  suddenly  awake  with  a  weak  outbreak  of 
frenzy  which  might  yet  be  dangerous  were  the  strength  sufficient  to  obey  the  impulse. 

b.  The' silent  form,  the  Rage  mue  of  the  French,  in  atypical  case  presents  a  very 
different  aspect  from  that  just  described,  and  may  easily  escape  diagnosis.  It  is 
however  a  true  rabies — if  that  term  may  be  retained  for  a  state  in  which  no  '  rage  ' 
is  present — modified  by  the  suppression  of  the  furious  stage,  and  the  early  superven- 
tion of  prostration  and  paralysis. 

The  characteristic  of  silent  rabies  is  a  complete  prostration  of  the  entire  nervous 
system.  The  senses  are  blunted,  the  intellect  stupefied,  and  the  muscles  paralysed. 
The  dog  lies  apathetic,  with  dull  eyes,  and  melancholy  features.  There  are  no  rabid 
paroxysms,  because  the  torpid  centres  are  incapable  of  responding  to  the  peripheral 
stimuli ;  he  makes  no  attempt  to  run  at  large,  for  his  limbs  will  scarcely  support 
the  weight  of  his  body ;  and,  had  he  the  impulse  to  bite,  the  powerless  jaws  could 
inflict  no  wound. 

Emaciation  and  progressing  paralysis  may  terminate  life  at  the  end  of  twenty- 
four  hours,  or  the  animal  may  linger  on  for  six,  eight,  or  even  ten  days. 

Termination  in  recovery  from  either  form  is  rare,  but  instances  recorded  by 
such  authorities  as  Youatt  and  Decroix  leave  no  doubt  as  to  the  possibility  of  its 
occurrence. 

Diagnosis. — The  diagnosis  of  the  disease  in  the  dog  may  be  of  considerable  diffi- 
culty during  the  early  stages,  since  many  complaints  may  produce  symptoms, 
which  the  fears  of  a  nervous  owner  may  convert  into  unmistakable  indications  of 
approaching  rabies,  and  upon  which  even  a  person  experienced  in  the  varied  mani- 
festations may  hesitate  to  pronounce  a  verdict.1  The  animal  is  however  seldom  seen 
by  an  expert  until  too  lats  ;  but  were  dog  owners  to  possess  some  knowledge  of  the  true 
symptoms  of  rabies,  the  dangers  of  its  extension,  and  of  the  conveyance  of  the  disease 

1  Some  idea  may  he  gained  of  the  frequency  of  mistakes  of  diagnosis  in  connection  with 
canine  rabies  by  the  statement  of  Faber,  w  ho  says  that,  of  892  dogs  brought  into  the  Veterinary 
Institute  of  Vienna  under  suspicion  of  rabies,  only  31  proved  to  be  really  affected. 
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to  man,  would  be  enormously  diminished.  Unfortunately  the  ignorance  which  con- 
sists of  a  mere  absence  of  knowledge  is  not  the  greatest  evil  to  be  encountered ; 
but  shrinks  almost  into  insignificance  beside  the  serious  and  positive  ignorance  con- 
stituted by  the  blind  acceptation  of  popular  error  and  superstition  as  undisputed 
representations  of  fact.  The  vulgar  creeds  concerning  hydrophobia  are,  for  the 
most  part,  so  curiously  wrong,  that  they  would  be  ludicrous,  were  it  not  for  the  gra- 
vity of  their  consequences.  It  is  not  merely  that  year  after  year  are  repeated  the 
sickening  scenes  of  hunting  to  death  or  ruthless  slaughtering  any  helpless  animal  who 
is  unfortunate  enough  to  realise  some  wiseacre's  idea  of  a  '  mad  dog,'  but  in  genuine 
cases  of  rabies,  the  owner  ignoring  the  manifestations  altogether,  or  convinced  by  his 
pseudo-science  that  the  disease  before  him  is  not  '  hydrophobia,'  neglects  all  precau- 
tions until  the  animal  has  bitten  some  of  his  unsuspecting  associates,  or  has  started 
away  on  his  fearful  race.  Even  now  in  the  latter  part  of  the  nineteenth  century  we 
are  occasionally  carried  back  to  the  dark  ages  by  hearing  that  a  dog  convicted  of 
biting  a  man  is  shot  with  all  dispatch,  not  to  prevent  a  repetition  of  the  offence,  but 
lest,  not  being  mad  at  the  time  of  inflicting  the  bite,  he  should  afterwards  become 
so,  and  the  bitten  man  should  become  hydrophobic  by  virtue  of  some  mysterious 
influence  like  that  which  Butler's  rhymes  tell  us  led  to  the  fall  of  the  '  sympathetic 
snout '  of  early  plastic  surgery ;  and  again,  we  read  that  a  presumably  reasoning 
being — in  the  year  1881. — considers  he  is  displaying  praiseworthy  learning  and 
promptitude  in  treating  the  bite  of  a  suspected  dog  by  inunction  of  the  saliva  of  the 
animal — who  had  of  course  been  slaughtered  on  suspicion. 

The  conditions  which  are  most  likely  to  be  mistaken  for  rabies  are  epilepsy,  in- 
testinal irritation,  and  distemper.  The  difficulty  of  distinction  between  epilepsy  and 
rabies  exists  only  for  those  who  are  not  acquainted  with  the  symptoms  of  either  com- 
plaint. The  ordinary  epileptic  fit,  manifested  by  unconsciousness  and  strong  convul- 
sions, is  unlike  anything  seen  in  rabies,  and  probably  owes  its  suspicious  character  in 
the  eyes  of  the  public  only  to  the  '  foaming  at  the  mouth '  which  is  believed  to  be 
one  of  the  unfailing  marks  of  madness. 

Intestinal  irritation  may  occasionally  give  rise  to  some  of  the  signs  of  the  early 
stage  of  rabies,  such  as  thirst,  depraved  appetite,  alteration  of  manner  and  temper, 
&c,  but  the  peculiar  change  of  bark  is  absent,  and  there  is  no  history  of  a  bite.  In 
doubtful  cases  isolation  for  two  or  three  clays  will  determine  with  certainty  the 
nature  of  the  case. 

Distemper. — Philpot 1  describes  a  form  of  distemper  which  closely  resembles  rabies 
in  its  symptoms,  but  is  not  capable  of  inoculation  and  is  susceptible  of  prevention  and 
of  cure. 

Besides  these  conditions  may  be  mentioned  a  nervous  ailment  described  by  Dr. 
Lauder  Lindsay,2  in  which  the  dog,  without  previous  symptoms,  suddenly  utters  a 
startling  yell,  and  after  describing  a  large  circle,  runs  off  yelping,  with  terrified 
look,  and  apparently  unconscious  of  obstacles ;  the  attack  usually  ends  in  a  fit. 

Dogs  are  also  subject  to  a  kind  of  delirium  in  hot  weather,  and  probably  when 
canine  pathology  is  more  closely  studied,  various  intellectual  disturbances  that  may 
simulate  rabies  will  be  distinguished.  Of  some  such  nature  perhaps  is  the  kind  of 
madness  described  by  Dr.  Rink  as  existing  amongst  dogs  in  Greenland.  The  animal 
in  this  case  has  a  tendency  to  bite,  but  the  disease  is  not  inoculable. 

Mere  mental  irritation  may  even  be  sufficient  to  lead  to  the  conviction  of  a  dog 
as  mad.  The  dog,  like  man,  is  liable  to  variations  of  temper  under  circumstances  of 
ill-health,  or  ill-treatment ;  but  the  sick  or  goaded  beast  is  exposed  to  the  danger  that 
any  violent  behaviour  on  his  part  may  be  recognised  by  some  energetic  looker-on  as 
indicative  of  rabies,  and  the  signs  of  rage  or  terror  with  which  the  animal  may  meet 
the  public-spirited  efforts  to  do  him  to  death  only  confirm  the  diagnosis  and  seal 
his  fate. 

A  suggestion  by  Mr.  Dolan,3  to  test  doubtful  cases  by  inoculation  of  the  saliva 
upon  rabbits,  deserves  consideration ;  but  it  must  of  course  be  understood  that 

1  Brit.  Med.  Journal,  March  187-3.  2  Fdin.  Med.  Journal,  vols.  xxiv.  and  xxv. 

3  Lancet,  Jan.  7,  1880. 
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only  positive  results  are  to  be  considered  conclusive,  as  insusceptibility  on  tbe  part 
of  the  subject,  changes  that  have  taken  place  in  the  fluid  after  its  secretion,  and 
some  other  circumstances,  may  cause  a  failure  of  the  experiment,  even  though  the 
saliva  be  taken  from  a  dog  known  to  be  rabid. 

Dr.  Gamgee  advises  that  suspected  dogs  should  be  isolated  for  a  week  in  order 
to  see  whether  the  symptoms  run  a  fatal  course,  true  rabies  being  nearly  always  fatal 
within  four  days. 

Morbid  anatomy. — The  coarse  post-mortem  appearances  have,  up  to  the  present, 
offered  nothing  absolutely  characteristic  of  the  disease,  but  two  phenomena  are 
seen  with  a  frequency  sufficient  to  confer  upon  them  an  important  significance ; 
these  are  injection  of  the  digestive  and  bronchial  mucous  membranes,  and  the 
presence  in  the  stomach  of  indigestible  substances,  as  wood,  coal,  <fcc.  Lyssse,  which 
were  found  by  Bench  in  fourteen  cases  out  of  twenty-seven,  have  been  described  by 
several  writers,  but  their  presence  is  very  uncertain,  and  it  yet  remains  to  be  shown 
that  they  are  peculiar  to  rabies. 

Attention  has  been  recently  directed  to  the  histological  changes  in  the  glandular 
organs.  In  the  submaxillary  and  sublingual  glands  Elsenberg  describes  an  infiltration 
of  the  interstitial  tissue  with  small  cells  like  colourless  blood-corpuscles,  which  are 
grouped  especially  around  the  medium-sized  veins  near  the  terminal  lobules.  The 
epithelial  cells  of  the  alveolus  are  granular  ;  the  nucleus,  more  rounded  and  enlarged 
than  usual,  assumes  a  central  position ;  the  '  half-moon  '  bodies  of  Gianuzzi  are  so 
swollen  as  to  fill  two-thirds  of  the  alveolar  cavity,  and  the  cavity  itself  may  contain 
cells  like  leucocytes.  The  nervous  ganglia  are  surrounded  and  sometimes  penetrated 
by  leucocytes. 

These  changes  are  indistinct  or  absent  in  the  parotid. 

Klebs  describes  a  swollen  condition  of  the  lymphatic  glands,  and  there,  as  well 
as  in  the  sub-maxillary  glands,  he  discovered  a  collection  of  densely-aggregated  finely- 
granular,  strongly-refractile  bodies  (which  he  considers  to  be  the  bearers  of  infection) 
arranged  in  linear  or  stellate  figures  that  generally  follow  the  course  of  the  blood- 
vessels. 

Clmnges  in  the  urinary  and  other  organs,  and  in  the  nerves,  have  been  observed 
in  different  cases,  but  are  too  variable  and  inconstant  to  be  considered  as  having  any 
direct  connection  with  the  disease.  Parenchymatous  nephritis,  however,  appears  to 
be  very  frequent. 

Rabies  in  other  animals. — The  limits  of  the  article  will  not  allow  a  description  of 
the  disease  as  it  appears  in  the  cat,  the  horse,  the  ox,  the  sheep,  and  the  pig.  It  will 
be  sufficient  to  remark  that  the  symptoms  are  analogous  to  those  seen  in  the  dog, 
and  that  the  pugnacity  under  rabid  impulses  shows  itself  in  all  cases  in  a  manner 
according  with  the  natural  methods  of  offence,  although  the  sheep  and  the  goat  display 
a  tendency  to  use  the  teeth  in  addition  to  their  ordinary  weapons.  The  barking  and 
snapping  in  which  it  is  supposed  that  hydrophobic  animals  of  all  species  are  prone  to 
indulge  are  to  be  classed  with  Baron  Munchausen's  veracious  history  of  the  outrageous 
behaviour  of  his  cloak  after  its  inoculation  by  the  mad  dog. 

Hydrophobia  in  Man. 

Methods  of  infection. — There  is  no  doubt  that  hydrophobia  is  conveyable  only 
by  direct  inoculation  of  the  virus,  as  by  the  bite  of  a  rabid  animal,  or  by  contact  of  the 
saliva  with  a  recent  wound.  That  there  is  no  danger  of  transmission  by  simple 
contact  of  the  poison  with  unbroken  cutaneous  or  mucous  surfaces,  or  by  the  medium 
of  particles  floating  in  the  atmosphere,  is  shown  by  direct  experiment,  and  by  the 
strong  negative  evidence  offered  by  records  of  cases.  The  experiments  bearing  upon 
these  statements  are  as  follows  : — 

1.  Healthy  dogs  have  been  confined  in  the  kennels  just  vacated  by  rabid  animals, 
and  have  in  no  instance  contracted  the  disease  (Hertwig).1 

2.  The  saliva  of  a  rabid  dog  has  been  rubbed  into  the  lips  and  gums  of  healthy 
animals,  without  producing  any  ill  effects. 

1  Beitriige  zur  naheren  Kentniss  der  Wuthkrankheit  oder  Tollheit  cler  Hunde,  Berlin,  1829. 
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3.  Dogs  fed  with  meat  mingled  with  similar  saliva  have  suffered  no  disturbance 
of  health. 

The  viability  of  the  virus  appears  to  lie  short,  the  infective  energy  probably 
terminating  with  the  onset  of  ordinary  decomposition.  Hertwig's  attempts  at 
inoculation  of  the  saliva  obtained  twenty  four  to  twenty-eight  hours  after  death, 
failed  in  every  instance.  His  experiments  are,  however,  not  sufficiently  numerous 
to  prove  the  fact,  which,  if  well  established,  would  be  of  importance. 

The  saliva  of  all  rabid  animals  may  be  inoculated  with  the  same  results,  and  the 
saliva  of  a  hydrophobic  man  has  been  successfully  inoculated  upon  tbo  lower  animals. 
The  virus  has  been  shown  by  Hertwig  to  reside  in  the  pure  saliva  drawn  from  the 
parotid  :  the  other  salivary  glands,  in  which  more  distinct  i:>athological  changes  have 
been  found,  in  all  pi-obability  share  with  the  parotid  the  morbid  faculty  of  secretion, 
and  even  the  small  racemose  glands  of  the  buccal  and  adjacent  mucous  membranes 
may  have  the  same  power. 

Trolliet,  Fereol,  and  others  have  been  able  to  inoculate  successfully  the  bronchial 
inucus  ;  Hertwig  in  two  instances  had  results  from  inoculation  of  tbe  blood,  while 
Lussana  succeeded  in  producing  rallies  in  two  dogs  by  intravenous  injection  of  filtered 
blood  from  a  man  who  had  died  of  hydrophobia ;  and  Pasteur  has  announced  in  a 
recent  communication  to  the  Academie  des  Sciences  that  he  has  inoculated  the  disease 
by  means  of  portions  of  the  brain-substance  of  rabid  dogs,  and  finds  that  the  most 
certain  results  ai-e  obtained  in  this  manner. 

The  artificial  inoculation  of  saliva  frequently  fails.  This  may  be  explained  in 
several  ways.  1.  By  the  comparative  insusceptibility  of  certain  individuals,  or  of 
any  particular  individual  under  certain  conditions.  2.  By  the  occurrence  of  change 
in  the  fluid  after  its  secretion,  as  where  the  saliva  of  a  dead  animal  is  used.  3.  By 
the  probable  existence  of  various  degrees  of  activity  of  the  virus  according  to  the  stage 
of  the  disease  during  which  it  is  secreted.  4.  By  inefficient  performance  of  the 
operation ;  as  when  the  inoculation  wound  is  too  superficial,  or  bleeds  freely. 

Even  the  bite  of  a  rabid  dog  is  harmless  in  about  one-half  of  the  cases,  including 
those  in  which  no  prophylactic  means  have  been  employed.  The  immunity  is 
doubtless  in  large  measure  due  to  the  removal  of  the  saliva  from  the  teeth  of  the 
animal  during  previous  bites,  or  by  the  clothing  covering  the  injured  part,  for  it  has 
been  shown  that  wounds  of  exposed  parts,  as  the  hands  and  face,  are  far  more  dangerous 
than  those  of  covered  portions  of  the  frame.  It  appears  that  of  the  number  of 
persons  bitten  by  dogs  known  to  be  rabid,  about  50  per  cent,  develop  the  disease. 
Where  the  face  is  the  seat  of  the  injury,  hydrophobia  follows  in  90  per  cent,  of  the 
cases;  in  hand  bites  the  number  falls  to  53  per  cent.;  while  in  wounds  of  the 
covered  parts  of  the  extremities  the  proportion  is  only  about  24  per  cent. 

Two  questions  of  grave  import  have  been  raised.  1.  Whether  the  saliva  of  a 
merely  angry  dog,  or  of  one  suffering  from  a  disease  other  than  hydrophobia,  niay 
contain  the  virus.  2.  Whether  the  saliva  of  a  dog  is  infectious  during  the  incubative 
stage  of  rabies. 

Ordinary  experience  woidd  negative  the  first  query.  It  is,  however,  note- 
worthy that  in  a  proportion  of  the  cases  in  which  the  origination  of  hydrophobia 
has  been  traced  to  a  dog-bite,  nothing  very  positive  is  known  about  the  animal, 
which  either  may  have  escaped,  or  may  have  been  destroyed  before  a  careful  observa- 
tion of  its  condition  had  been  made. 

Several  cases  have  been  reported  in  which  hydrophobia  has  followed  the  bite  of 
animals  that  have  remained  healthy,  and  writers  have  endeavoured  to  prove  that 
dogs  which  are  not  hydrophobic,  may,  under  certain  conditions  of  disease,  and 
improper  feeding,  become  capable  of  conveying  rabies  by  means  of  a  bite.  The 
skunk  in  Arkansas  has  been  credited  with  the  power  of  infecting  man,  but  not  dogs, 
with  the  disease,  the  animal  itself  being  to  all  appearance  in  perfect  health.  There 
is  little  doubt,  however,  of  the  existence  of  some  source  of  error  in  these  observations, 
for,  were  such  a  mode  of  origin  possible,  new  centres  of  disease  would  be  constantly 
springing  up  around  us. 

With  regard  to  the  second  query,  although  experiments  are  not  conclusive,  the 
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probabilities  are  sufficiently  in  favour  of  the  inoculability  of  the  saliva  of  a  dog  in 
which  the  disease  is  undergoing  incubation,  to  indicate  that  any  animal  which  has 
been  bitten  by  a  rabid  dog,  should  be  considered  capable  of  conveying  the  disease  even 
before  the  appearance  of  symptoms  in  itself,  i.e.  during  the  whole  period  of  probable 
incubation  ;  and  that  it  is  advisable  to  treat  every  dog-bite  prophylactically,  even 
though  the  animal  be  apparently  healthy. 

Prognosis  as  regards  local  injury.  1.  Seat  of  wound. —  Wounds  on  exposed 
parts  are  more  dangerous  than  those  of  covered  parts.  Statistics  show  that  while 
the  most  frequent  seat  of  dog-bite  is  the  lower  extremity,  in  about  three-fourths  of 
the  reported  cases  of  hydrophobia  the  wounds  were  upon  the  face  or  hands. 

2.  Kind  of  wound. — Deep  wounds  and  wounds  which  bleed  little  are  more 
dangerous  than  superficial  lesions  and  those  which  bleed  freely. 

3.  Treatment  adopted. — The  cauterisation  of  the  wound  appears,  according  to 
Bouley,  to  reduce  the  probability  of  the  development  of  the  disease  by  more  than 
fifty  per  cent.,  and  as  the  statistics  serving  as  basis  for  this  statement  must  include  a 
large  proportion  of  examples  in  which  the  operation  was  imperfectly  performed  or 
not  undertaken  until  many  hours  after  the  infliction  of  the  injury,  there  is  little 
doubt  that,  with  proper  selection  and  application  of  remedies,  the  ratio  of  immunity 
would  rise  still  higher. 

The  frequency  of  hydrophobia  in  this  country  may  be  judged  approximately  by 
the  number  of  deaths  assigned  to  this  cause.  According  to  Mr.  T.  M.  Dolan,  the 
total  moitality  registered  in  England  and  Wales  under  this  heading  from  1870  to 

1877  is  369,  or  nearly  50  annually.  In  1874  the  returns  show  the  high  mortality 
of  81,  but  the  following  year  the  number  sunk  to  47.  At  a  meeting  of  the 
French  Academy  of  Medicine  in  Sept.  1880,  M.  Leblanc  stated  that  in  the  year 

1878  there  were  twenty-four  deaths  in  France  from  hydrophobia,  and  in  1879  only 
half  of  this  number.  The  difference  was  then  attributed  to  the  beneficial  effects  of 
special  legislation,  but  unfortunately  the  statistics  of  the  past  year,  1881,  are  very 
unfavourable,  no  less  than  23  deaths  having  occurred  in  Paris,  as  against  5  in  the 
previous  year. 

Incubation  of  hydrophobia  in  man. — According  to  published  accounts,  the 
period  ranges  between  two  days  and  twenty  years,  but  it  is  probable  that  the  cases  in 
which  the  symptoms  have  followed  very  closely  upon  the  bite  are  really  examples  of 
tetanus,  while  the  reports  of  the  instances  in  which  the  incubation  is  supposed  to 
have  exceeded  a  year  are  too  meagre  to  inspire  confidence.  In  recent  times,  however, 
a  few  well-investigated  examples  of  great  prolongation  of  the  period  have  appeared. 
Colin,  at  a  meeting  of  the  Academie  de  Medecine  in  1880,  related  a  case  in  which 
the  disease  occurred  five  years  after  a  bite  :  the  dog  having  at  the  same  time  bitten 
another  man,  who  is  said  to  have  died  of  hydrophobia  eight  days  afterwards.  Sir 
Wm.  Gull  had  a  case  in  which  the  incubation  extended  over  a  period  of  six  years. 

The  inquiry  of  the  Comite  d' Hygiene  (1862-1872)  embraced  170  cases,  in  none 
of  which  did  the  incubation  exceed  eight  months,  and  in  147  of  the  number  the  disease 
appeared  within  three  months  of  the  bite.  Again  in  the  statistics  of  Baudin  the 
length  of  incubation  in  two-thirds  of  the  cases  was  below  three  months,  and  in  only 
six  per  cent,  did  it  extend  to  the  second  half  of  the  year. 

The  duration  of  the  period  may  possibly  be  influenced  by  various  conditions. 
Thus  it  is  said  to  be  shorter  in  bites  upon  the  face  than  where  other  pails  have  been 
wounded,  and  longer  in  persons  under  twenty  than  in  those  over  that  age.  The 
outbreak  may  perhaps  be  hastened  by  sexual  excesses  and  other  causes  of  nervous 
depression.  It  does  not  appear  to  be  retarded  by  the  existence  of  general  disease,  as 
variola  and  miliary  fever  have  been  known  to  run  their  course  during  the  period  of 
incubation  of  hydrophobia  without  interfering  with  its  subsequent  evolution. 

Phenomena  of  the  incubative  period. — The  following  symptoms,  none  of  which 
are  constant  or  characteristic,  have  been  observed  in  different  cases. 

1.  The  appearance  of  little  vesicles  around  the  wound  during  the  period  of 
suppuration. 

2.  An  unhealthy  aspect  of  the  unhealed  wound. 
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3.  Pains  radiating  from  the  wound  or  scar,  often  associated  with  a  sense  of 
fatigue  or  weight  of  the  injured  limb  or  with  muscular  tvvitchings.  Occasionally  the 
pains  shoot  towards  the  wound  from  a  remote  part,  or  may  affect  the  corresponding 
point  on  the  opposite  side  of  the  body. 

4.  Alterations  in  the  cicatrix.  A  red  or  bluish-red  coloration,  tenderness  to  the 
touch,  or  a  breaking-down  of  the  cicatricial  tissue. 

5.  Swelling  and  tenderness  of  the  glands  in  connection  with  the  wound  (seen  in 
one  case  only). 

6.  Sublingual  tumours  (lyssai),  solid  or  vesicular,  appearing  from  the  third  to 
the  ninth  day  after  the  bite. 

Symptoms.— The  course  of  the  symptoms  in  man,  as  in  the  dog,  may  be  divided  into 
three  periods  :  1.  The  initial  or  melancholic  stage.  2.  The  stage  of  excitation,  and  3. 
The  paralytic  stage.  These  periods  commonly  bear  no  special  inter-relation  in  point 
of  duration  or  severity,  and  the  replacement  of  one  by  its  successor  is  rarely  marked 
by  any  abruptness  of  transition.  The  complete  suppression  of  the  stage  of  excitation, 
as  in  the  rage  mue  of  the  dog,  has  not  been  observed  in  man. 

1.  The  melancholic  stage  is  generally  ushered  in  by  a  feeling  of  intense  anxiety, 
which  is  so  frequently  associated  with  a  peculiar  and  distressing  apprehension  of  the 
impending  disease,  as  to  have  given  rise  to  a  theory  that  the  development  of  the 
fatal  nervous  symptoms  is  not  merely  a  sequence,  but  a  consequence,  of  the  mental 
condition.  That  the  mental  depression  is  a  specific  phenomenon  is,  however,  placed 
beyond  doubt  by  the  fact  that  it  is  manifested  in  children,  who  have  no  conception 
of  the  existence  or  nature  of  the  danger,  while  in  adults  it  commonly  makes  its 
appearance  after  the  early  fears  of  the  patient  have  subsided,  and  it  has  occurred 
in  cases  in  which  no  suspicion  had  been  entertained  as  to  the  existence  of  rabies  in 
the  animal  that  inflicted  the  wound. 

Other  well-marked  but  less  constant  signs  of  the  abnormal  state  of  the  nervous 
system  are  loss  of  energy,  irritability  of  temper,  restlessness,  hyperesthesia  of  the 
senses,  and  excessive  excitability  of  the  sexual  instincts.  Impairment  of  the 
digestive  system  may  at  the  same  time  be  shown  by  a  diminution  or  perversion  of 
appetite,  constipation  of  the  bowels,  and  vomiting. 

This  pei-iod  may  extend  over  a  week,  or  may  be  limited  to  a  few  hours ;  in 
some  cases  it  has  altogether  escaped  observation. 

2.  The  active  stage  generally  begins  with  a  spasmodic  paroxysm.  The  attack 
usually  announces  itself  by  a  twitching  in  the  muscles  of  the  face,  rapidly  passing 
into  a  general  convulsion,  which  involves  more  particularly  the  muscles  of  inspiration 
and  threatens  life  by  apncca.  The  spasm  ceases  entirely  at  the  end  of  the  paroxysm, 
not  leaving,  as  in  tetanus,  a  tonic  contraction  of  the  muscular  system. 

A  further  characteristic  of  the  attacks  is  seen  in  their  dependence  upon  external 
exciting  causes.  The  first  convulsion  is  usually  the  result  of  an  attempt  to  drink, 
hut  the  whole  nervous  system  appears  to  be  in  a  state  of  extreme  tension,  and  an 
outbreak  may  be  induced  by  a  strong  impression  upon  any  of  the  peripheral  nerves, 
as  l>y  a  touch,  the  impingement  of  a  draught  of  air  upon  the  skin,  an  endeavour  to 
draw  a  deep  breath  ;  or  by  an  appeal  to  the  special  senses,  such  as  a  loud  voice,  a 
flash  of  light,  and  even  certain  tastes  and  odours.  It  is,  however,  the  nerves  distributed 
to  the  palate  and  pharynx  that  are  most  obviously  implicated,  and  the  deglutition  of 
fluids  is  as  a  rule  more  liable  to  excite  spasm  than  the  ingestion  of  solid  food.  The 
patient  has  a  strong  desire  to  quench  his  distressing  thirst,  but  dare  not  drink.  His 
hydrophobia  is  not  a  dread  of  the  fluid,  but  of  the  convulsion  excited  by  its  contact 
with  his  mouth  and  throat,  and  the  same  terror  may  invest  everything  cajjable  of 
causing  a  direct  or  indirect  impression  upon  the  peripheral  nerves.  In  a  few  in- 
stances the  inability  to  swallow  has  been  altogether  absent,  and  in  many  cases  the 
difficulty  subsides  during  the  progress  of  the  stage. 

Psychical  irritability  accompanies  the  general  hyperesthesia.  The  condition  may 
show  itself  by  incessant  talking  and  by  a  rapid  alternation  of  ideas  and  emotions, 
and  owing  chiefly  to  this  exaggeration  of  functional  activity,  the  simple  association 
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of  ideas  awakened  by  the  sound  of  fluid,  or  even  by  the  thought  of  drinking,  may 
become  sufficient  to  excite  a  paroxysm. 

Mental  aberrations  form  another  well-known  feature  of  the  stage.  These 
assume  the  form  of  a  paroxysmal  and  peculiar  state  which  bears  more  resemblance 
to  certain  hysterical  manifestations  than  to  ordinary  maniacal  or  delirious  attacks. 
The  patient,  generally  after  some  strong  impression  upon  the  senses,  becomes  violent  , 
screams,  and  endeavours  to  set  himself  at  liberty ;  he  may  be  tormented  as  in  deli- 
rium tremens  with  spectral  illusions,  in  which  the  dog  plays  a  prominent  part,  or 
the  indications  may  be  those  of  irresistible  rabid  impulses  ;  but  in  either  case  it  is  re- 
markable that  the  cloud  of  insanity  is  almost  always  pierced  by  some  rays  of  an 
intelligent  self-control  that  leads  the  hydrophobiac  to  avoid  injuring  those  about  him. 
He  may,  however,  in  his  furious  struggles  for  freedom  make  use  of  his  teeth  as  the 
only  weapons  left  available,  and  so  lend  an  apparent  support  to  the  popular  belief 
that  the  hydrophobic  man  assumes  the  nature  and  behaviour  of  the  dog.  The 
intellectual  aberrations  like  the  spasmodic  convulsions  are  as  a  rule  '  clonic,'  the 
mind  being  clear  in  the  intervals,  but  persistent  delusions  are  sometimes  observed. 
Satyriasis  has  been  recorded,  but  is  exceptional.  Intermissions  of  restless  sleep  may 
occur,  which  are  usually  terminated  by  a  terrified  awakening. 

With  these  nervous  phenomena  is  commonly  noticed  an  impairment  in  the  organic 
functions.  The  temperature  is  generally  raised,  but  the  elevation  is  not  constant 
and  appears  to  have  no  important  significance.  Digestive  disturbance  is  frequently 
announced  by  vomiting,  constipation,  dry  tongue,  and  severethirst,  and  there  is  usually 
an  accumulation  of  viscid  mucus  about  the  mouth  and  throat.  Finally,  dysuria  and 
strangury  are  occasionally  observed,  and  in  a  few  cases  the  urine  has  been  found 
to  contain  albumen  and  sugar. 

After  a  period  usually  ranging  between  twenty-four  and  forty-eight  hours,  the 
paroxysms  begin  to  increase  in  frequency,  but  to  diminish  in  power,  until  at  length, 
under  the  influence  of  a  rapidly  augmenting  asthenia,  they  fade  into  imperceptibility, 
and  the  final  stage  sets  in. 

3.  The  stage  of  paralysis  develops  insidiously  j  power  and  sensation  are  gradually 
submerged  by  the  ever-advancing  palsy  and  prostration  ;  but,  as  if  in  compensation,  the 
intellect  may  clear,  and  although  the  victim  then  becomes  fully  conscious  of  his 
approaching  end,  the  restlessness  and  intense  anxiety  of  the  early  period  are  replaced 
by  calm  or  apathy.  At  the  same  time  the  limbs  lie  helpless,  the  saliva  dribbles 
over  the  hanging  lips,  the  features  are  sunken  and  expressionless,  the  pupils  dilated 
and  fixed,  and  the  eye  is  dull  and  glazed  j  in  this  state  the  patient  lies  until  the 
enfeebled  powers  become  extinct. 

Death  may  either  occur  in  the  stage  of  excitation,  from  asphyxia  or,  perhaps,  from 
spasm  of  the  heart ;  or,  in  the  paralytic  stage,  from  asthenia.  The  case  usually  ter- 
minates on  the  third  or  fourth  day,  seldom  passing  the  latter  term,  but  in  rare  cases 
may  linger  on  for  over  a  week. 

Diagnosis. — From  false  hydrophobia.  Certain  nervous  symptoms  of  the  nature 
of  hysteria  or  some  allied  affection  may  so  simulate  hydrophobia  that  some 
authors  have  conceived  that  the  so-called  '  true '  hydrophobia  is  not  a  consequence  of 
the  inoculation  of  a  specific  virus,  but  is  a  functional  nervous  disorder  brought  on  by 
exaggerated  fears  of  the  complaint.  Lorinser  and  Maschka  both  deny  the  existence 
of  hydrophobia  as  a  specific  disease,  and  the  former  1  says  it  '  will  cease  to  exist  when 
it  ceases  to  be  believed  in.'  This  opinion  has  been  shown  to  be  wholly  untenable,  but 
there  is  no  doubt  that  nervous  persons  who  have  made  themselves  conversant  with 
the  real  or  fancied  symptoms  of  hydrophobia  may,  under  the  influence  of  an  excited 
imagination,  persuade  themselves  and  others  that  they  are  attacked  by  the  disease, 
and  the  conviction  may  have  serious,  or  even  fatal,  results.  The  diagnosis  of  such 
cases  is  sometimes  aided  by  evidence  that  the  patient  has  been  reading  treatises  on 
the  subject ;  but,  as  a  rule,  the  simulation  having  been  fashioned  in  the  form  of  the 
popular  hydrophobia,  the  patient  so  overacts  the  farce  by  barking,  running  about  on 
all  fours,  or  otherwise  imitating  the  animal  whose  habits  are  supposed  to  be  inoculated 
1  Wien.  Med.  Wochenschrift,  1874. 
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with  its  diseases,  that  the  medical  adviser  has  only  to  distinguish  between  delusion 
and  deceit. 

The  identity  of  some  of  the  symptoms  of  hydrophobia  and  hystero-epilepsy  has 
been  pointed  out  by  Dr.  Gowers  in  his  Gulstonian  lectures. 

Imposture  is  not  rare.  It  is  usually  more  transparent  than  the  condition  just 
referred  to,  because  it  is  less  earnest.  It  is  generally  practised  by  uneducated  persons 
with  a  view  to  extortion,  and  the  inconsistencies  of  the  symptoms  are  easily  detected 
by  the  skilled  observer.  A  case  in  point  appeared  in  the  newspaper  reports  in  the 
past  year  (1881).  A  man  who  had  been  bitten  by  a  healthy  dog,  having  betaken 
himself  to  an  energetic  assumption  of  what  he  considered  to  be  the  correct  symptoms 
of  hydrophobia,  persisting  in  yelping  and  snapping  until  the  failure  of  his  persevering 
efforts  to  extract  compensation  induced  a  speedy  recovery.  In  such  instances  cne 
history  should  be  carefully  investigated. 

Tetanus  presents  many  features  in  common  with  hydrophobia.  It  is  distinguished 
by  the  history,  by  the  comparative  shortness  of  the  period  of  incubation,  by  the  per- 
sistence of  a  tonic  spasm  in  the  intervals  of  the  paroxysms,  and  by  the  absence  of 
excitability,  restlessness,  delirium,  and  rabid  impulses.  Tetanus  may,  however,  follow 
a  dog-bite,  and  it  is  probable  that  many  such  cases  have  been  wrongly  diagnosed  as 
hydrophobia. 

Rose,1  in  discussing  the  relations  of  tetanus  to  hydrophobia,  describes  a  tetanus 
hydrophobicus  which  may  cause  great  difficulty  in  diagnosis.  This  form  of  tetanus 
occurs  when  the  causative  wound  is  in  the  immediate  vicinity  of  the  cerebral  nerves, 
and  it  is  frequently  accompanied  by  convulsive  spasm  of  the  muscles,  especially  those 
of  deglutition,  supplied  by  those  nerves.    Kirchoff2  records  a  case  of  allied  nature. 

Prognosis. — This  is  always  extremely  bad — several  instances  of  recovery  have, 
however,  been  recorded,  and  in  at  least  some  of  these  the  correctness  of  the  fact  is 
open  to  no  other  doubt  than  that  suggested  by  the  general  rule  of  a  fatal  termination. 
Nineteen  cases  of  alleged  cure  have  been  collected  by  Faber,  and  although  in  many 
of  the  number  the  diagnosis  may  be  questioned,  a  few  appear  unassailable. 

Pathological  anatomy. — Many  valuable  contributions  have  been  made  in  late 
years  to  our  knowledge  of  the  morbid  changes  found  in  cases  of  hydrophobia,  but  it 
cannot  even  yet  be  said  that  investigations  have  been  rewarded  by  the  discovery  of 
any  strictly  pathognomonic  lesions. 

In  the  nervous  system  the  morbid  conditions  detected  in  the  a  arious  autopsies  are 
perplexing  by  their  profusion.  Many  of  the  recorded  appearances  may  however  be 
omitted  as  exceptional,  or  as  obvious  results  of  symptoms  and  mode  of  death. 

The  principal  observations,  nearly  all  of  which  are  of  recent  date,  are  as  follows  : — 

In  the  central  nervous  system. 

Softening  of  the  anterior  horns  of  grey  matter  in  the  dorsal  region  of  the  cord 
(Spath). 

Injection  around  the  points  of  exit  of  the  nerves  from  the  cord  (Franque). 
Punctiform  spaces  and  spots  of  granular  disintegration  in  the  cerebral  cortex 
(Benedikt).3 

Increased  specific  gravity  of  certain  portions  of  the  brain  (Bastian). 

Accumulations  in  the  cortex  and  perivascular  spaces  of  the  brain  of  a  faintly- 
glistening,  highly-refractile  material,  sometimes  so  copious  as  to  compress  the  vessels 
(Wassilief).4 

Great  distension  of  the  minute  vessels  of  the  grey  matter  of  the  cord  and 
medulla ;  clots  of  ante-mortem  formation  in  the  medium-sized  vessels  (seen  in  two 
cases  out  of  the  four  that  were  examined) ;  aggregations  of  small  cells,  probably 
leucocytes,  within  the  perivascular  lymphatic  sheaths  (in  three  cases) ;  and  diffuse 

1  '  Ueber  das  Verhaltniss  dcr  Tetanus  zur  Hydrophobie,'  Pitlia- Billroth*  Chirurgie,  Bd.  1. 

2  Berlin.  Clin.  Wochenschrift,  1879. 

3  Virch.  Arch.  Bd.  64.  A  similar  condition  is  also  described  by  A*llbult  and  Meynert,  but 
the  appearance  has  been  shown  by  Scbultze  and  Middleton  to  be  in  all  probability  a  result 
of  the  mode  of  preparation  of  the  specimens. 

1  Centralbl.  f.  d.  Med.  Wissensch.  No.  3G. 
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local  infiltrations  of  similar  cells  in  small  arese.  The  foregoing  changes  present  in 
all  the  segments  of  the  cerebro-spinal  axis,  but  especially  marked  in  the  medulla 
oblongata,  and  attaining  their  greatest  intensity  in  the  regions  of  the  hypoglossal, 
pneumogastric,  and  glosso-pharyngeal  nuclei  (Cowers).1 

Remarkable  injection  of  the  nerve-centres  :  presence  of  a  zone  of  refracting  fibro- 
granular  material,  resembling  a  fibrinous  exudation,  around  some  of  the  medium- 
sized  vessels  ;  scattered  extravasations  of  blood-corpuscles,  amongst  which  were  seen 
rod-like  bodies  resembling  bacteria.  The  changes  reaching  their  maximum  in  the 
region  of  the  pons  and  upper  medulla  (Cheadle).2 

Accumulations  of  round  cells,  very  unequally  distributed,  in  the  perivascular 
spaces  surrounding  the  medium-sized  vessels  of  the  cord  and  medulla  and  the  small 
vessels  of  the  cerebral  convolutions  (Coats).3 

In  the  cervical  sympathetic  ganglia  enlargement,  redness,  and  vascularity  (Froriep). 
In  the  nerves  in  communication  with  the  seat  of  injury,  injection  (Kruppenberg), 
granular  degeneration  (Duboue)  and  thickening  (Eichborn). 

Urinary  system. — The  kidneys  in  the  rabid  dog  are  said  to  show  well-marked 
signs  of  parenchymatous  inflammation  ;  the  same  condition  has  been  observed  in  the 
human  subject,  but  less  constantly,  and  to  a  smaller  degree. 

Albumen  and  sugar  have  both  been  found  in  the  urine,  and  Heller  has  detected' 
a  substance  which  resembles  sugar  in  its  power  of  reducing  the  copper  oxide,  but 
differs  from  it  in  chemical  constitution.  The  uric  acid  and  sulphates  are  increased,, 
while  the  amount  of  urea  is  variable.  A  remarkable  diminution  of  the  eaithy 
phosphates  has  been  found  by  Robin,  who  also  calls  attention  to  the  presence  of  a 
small  quantity  of  fat  and  margaric  acid.4 

Respiratory  passages. — The  bronchial  mucous  membrane  is  usually  found  injected, 
though  to  a  less  extent  than  in  the  dog.  Congestion  of  the  lungs  is  also*  described,, 
but  is  probably  merely  a  result  of  the  mode  of  death. 

Digestive,  system. — The  fauces,  tonsils,  and  pharynx  are  commonly  more  or  less 
dry,  red,  and  swollen. 

The  changes  in  the  salivary  glands,  noted  by  Elsenberg  and  Klebs  in  the  clog,  are 
often  slightly  -marked  or  absent  in  man,  but  the  more  important  of  the  appearances 
were  seen  by  Nepveu.5 

The  blood  has  been  found  dark  and  diffluent  as  in  fevers.  According  to  Hallier 
it  contains  a  specific  micrococcus,  which  he  has  been  able  to  cultivate.  The  chemical 
analysis  by  Raysky  shows  nothing  of  importance  beyond  a  diminution  in  the  water. 

Pathology. — After  reducing  the  mass  of  detail  accumulated  in  the  records  of  the 
post-mortem  examinations,  by  the  elimination  of  all  the  appearances  that  may  be 
considered  in  a  certain  sense  accidental,  the  residue  may  be  separated  into  two- classes  ; 
the  first  including  conditions  which,  although  merely  secondary  to  certain  effects  of 
the  disease,  are  still  sufficiently  constant  to  possess  some  diagnostic  importance  ; 
the  second  consisting  of  lesions  which  appear  to-  stand  in  a  causative  relation  to  the 
phenomena  observed  during  life. 

The  principal  item  in  the  first  of  these  classes  is,  in  the  case  of  the  dog,  the 
pi'esence  of  indigestible  matters  in  the  stomach.  Bollinger  and  Bruckmuller  consider 
this  point  of  so  great  value,  that  they  would  pronounce  free  from  the  disease  any  dog 
whose  stomach  contains  normal  ingesta,  and  whose  small  intestine  contains  chyme. 
In  man,  however,  the  sign  is,  for  obvious  reasons,  rarely  met  with  ;  and  it  may  be 
noted  that,  together  with  this,  sink  into  comparative  insignificance  the  indications 
of  inflammation  of  the  upper  part  of  the  alimentary  canal,  the  changes  in  the  salivary 
glands,  and  the  evidences  of  renal  implication,  upon  which  has  been  laid  so  much 
stress  in  canine  pathology. 

In  the  second  class,  the  most  prominent  facts  are  those  in  connection  with  the 
central  nervous  organs,  and  with  the  nerves  extending  from  the  wound. 

The  symptoms  of  hydrophobia  clearly  indicate  as  the  seat  of  the  disturbance  by 

1  Trans.  Path.  Soc.  1877.  2  Med.  Times  and  Gazette,  Dec.  1877. 

3  Lancet,  Dec.  1877.  1  Gaz.  des  Hopitaux,  1878. 

5  Gaz.  Mid.  de  Paris,  1873. 
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which  they  are  originated,  the  brain,  medulla  and  cord,  and  we  are  indebted  to 
Allbutt,  Wa^silief,  Coats,  Cheadle,  Gowers,  and  other  recent  observers  for  the  demon- 
stration of  lesions  which  conduct  us  a  step  nearer  to  a  comprehension  of  the  pheno- 
mena of  the  disease.  There  is  no  doubt,  however,  that  these  lesions,  constituted 
principally  by  vascular  distension,  thromboses,  extravasations,  fibrinous  exudations, 
and  perivascular  and  parenchymatous  accumulations  of  cells  (leucocytes  1)  in  the 
grey  substance,  are  not  specific  in  kind  ;  but  they  are,  nevertheless,  by  virtue  of  their 
apparently  constant  predominance  in  one  particular  locality,  to  be  regarded  as  char- 
acteristic of  the  malady. 

Accepting  the  view  that  the  points  of  election  for  the  attack  of  the  hydrophobic 
virus  are  located  principally  in  the  nerve-centres,  the  more  intimate  pathology  still 
remains  in  obscurity,  for  between  the  inoculation  of  the  saliva  of  a  rabid  dog  into  a 
superficial  part  of  the  frame,  and  the  occurrence  of  structural  change  in  the  medulla 
and  cord,  lies  a  train  of  events  which  at  present  can  only  be  traced  by  the  uncertain 
light  of  conjecture. 

We  may  assume  as  a  fact,  beyond  reasonable  doubt,  that  the  bite  of  the  dog  int  ro- 
duces into  the  wound  a  specific  poison.  This  poison,  of  which  the  salivary  secretion 
is  the  ordinary  vehicle,  is,  probably,  as  specific  in  its  nature,  and  almost  as  certain  in 
its  results,  as  the  normal  secretion  of  the  poison  gland  of  the  Thanatophidia.  Like  tht 
serpent  venom,  it  may  be  swallowed,  or  brought  into  contact  with  any  unbroken 
surface,  without  danger ;  but,  unlike  it,  appeal's  to  lose  its  properties  permanently 
within  a  brief  period  after  secretion,  and  again,  while  experiment  has  proved  the 
absorption  of  the  snake  poison  to  be  so  instantaneous  that  immediate  amputation  of 
an  inoculated  limb  will  not  anticipate  contamination  of  the  general  circulation,  it  has 
been  shown  by  Youatt  that  careful  destruction  of  the  tissues  pierced  by  the  tooth  of 
the  rabid  dog  will  almost  invariably  prevent  further  evil.  A  further  peculiarity  of 
the  hydrophobic  virus  is  the  great  length  of  the  period  that  may  intervene  between 
its  inoculation  and  its  effects,  and  the  remarkably  wide  range  of  variability  of  the 
interval  in  different  cases. 

Some  points  of  resemblance  maybe  noted  between  tetanus  and  hydrophobia;  but 
the  two  diseases  are  essentially  different  in  nature,  although  it  is  very  probable  that 
certain  cases  of  tetanus,  following  a  wound  by  the  tooth  of  a  dog,  may  be  mistaken 
for  hydrophobia.  One  great,  and  perhaps  all-sufficient,  point  of  distinction  is  that 
tetanus  may  follow  any  kind  of  wound,  but  is  very  rare  when  considered  in  relation 
to  the  vast  number  of  wounds  that  come  under  treatment ;  while  hydrophobia  occurs 
only  after  inoculation  of  the  virus  of  a  rabid  animal,  but  follows  in  the  great  majority 
of  instances  in  which  the  inoculation  is  complete. 

To  account  for  the  ultimate  production  of  disease  in  the  nerve-centres,  two 
theories  have  been  advanced.  According  to  one  of  these,  the  pcison  is  a  product 
of  the  fermentation  of  the  morbid  saliva  at  the  seat  of  inoculation,  and  reaches 
the  elected  place  of  attack  by  means  of  the  circulation.  In  the  second  view,  it 
is  asserted  that  the  virus  induces  a  disease  of  the  nerves  in  communication  with 
the  wound,  and  that  the  medulla  and  cord  are  reached  by  the  centripetal  extension 
of  this  lesion. 

The  supporting  arguments  of  the  latter  hypothesis  are  unsatisfactory.  It  has, 
indeed,  been  demonstrated  in  a  few  instances,  as  by  Duboue,  Eichborn,  and  others, 
that  changes  may  exist  in  the  nerves  in  question  ;  but  there  is  no  reason  to  conclude 
that  they  are  either  essential  to  the  disease  or  characteristic  of  it.  A  similar  condition 
has  already  been  observed  in  tetanus,  and  further  investigation  will  probably  prove 
that  it  is  common  to  many  non-specific  injuries  in  which  a  protracted  but  not 
violent  local  irritation  is  maintained. 

The  '  ferment  theory,'  on  the  other  hand,  is  greatly  strengthened  by  the  recent 
announcement  of  Pasteur,  that  he  has  discovered  the  virus  in  the  cerebral  substance 
and  cerebrospinal  fluid  of  rabid  dogs,  and  that  he  finds  the  most  certain  vehicle  of 
artificial  inoculation  to  be  portions  of  the  brain-tissue  of  the  animal.  Hallier's  dis- 
covery of  a  specific  micrococcus  in  the  blood  is  also  a  suggestive  fact,  but  needs  con- 
firmation. 
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The  view  of  Virchow  is  that  the  local  fermentative  action  goes  on  continuously 
from  the  time  of  inoculation,  without  the  intervention  of  any  actual  period  of 
latency,  and  that  the  products  pass,  particle  by  particle,  into  the  circulation,  until  the 
accumulation  is  sufficient  to  overcome  the  normal  resistance  of  the  tissues  to  the 
morbid  influence.  This  hypothesis,  so  developed,  throws  light  upon  many  obscure 
circumstances.  The  existence  of  a  morbid  local  action,  incessantly  at  work,  would 
explain  the  irritation  of  the  neighbouring  nerves,  and  the  resulting  structural  and 
functional  changes  sometimes  seen  in  them  ;  the  localisation  of  the  process  to  the 
seat  of  inoculation  gives  a  reason  for  the  prophylactic  power  of  cautery,  a  power 
great  in  proportion  to  the  earliness  of  its  application ;  and  the  continuous  absorption 
of  the  materies  morbi  into  the  circulation,  during  the  stage  of  incubation,  accounts 
for  the  asserted  inoculability  of  the  malady  and  the  frequent  occurrence  of  symptoms 
during  this  period,  as  well  as  for  the  asserted  hastening  of  the  declared  disease  when 
the  vital  powers  are  lowered  by  sexual  excesses  or  other  cause. 

Treatment. — The  treatment  of  hydrophobia  is  divided  into  the  prophylactic  and 
curative. 

Prophylaxis. — It  is  not  proposed  to  discuss  here  those  radical  measures  which 
have  for  their  aim  the  protection  of  the  people  from  injury  by  rabid  dogs.  The 
problem  with  which  the  practitioner  is  more  immediately  concerned  is  the  prevention 
of  the  remote  effects  of  the  virus  instilled  by  the  bite,  and,  happily,  our  means  to  this 
end  almost  compensate  by  their  simplicity  and  efficiency  for  the  powerlessness  of 
nearly  the  whole  of  the  remedies  that  have  been  employed  for  the  purpose  of  cure. 

The  main  object  to  be  attained  is  the  removal  or  destruction  of  the  poison  or  of 
the  tissues  into  which  it  may  have  penetrated.  For  this  purpose  many  agents  have 
been  recommended,  the  principal  of  which  are  as  follows  : 

a.  Suction  of  the  wound. — This  is  unobjectionable  when  the  seat  of  injury  can 
be  reached  by  the  mouth  of  the  patient ;  but  it  must  be  remembered  that  should 
another  person  undertake  the  operation,  he  does  so  at  some  risk  to  his  own 
safety  ;  for,  although  there  is  but  little  reason  to  believe  that  infection  can  occur 
through  unbroken  mucous  membranes,  the  existence  of  trifling  fissures  and  abrasions 
about  the  tongue  and  lips  may  unquestionably  supply  an  inlet  for  the  virus. 

b.  Cleansing  is  a  process  easy  of  application,  and  need  never  be  neglected.  It  is 
even  advised  in  preference  to  cauterisation  by  Boerhave  and  Mederer.  Allied  to 
this  plan  is  the  method  of  Eulenberg,  the  constant  application  of  hot  water  by 
means  of  a  sponge,  or  by  long- continued  immersion  in  a  bath.  Fuchs  recommends 
the  use  of  baths  medicated  with  corrosive  sublimate  when  the  wounds  are  very 
numerous. 

c.  Prevention  of  the  healing  of  the  wound  during  long  periods  (three  or  more 
months)  is  a  practice  in  many  parts  of  the  East ;  as  in  China  and  Japan,  where  it  was 
formerly  the  custom  to  apply  faeces  and  other  irritants  to  the  bite  of  a  suspected 
dog ;  but  there  is  no  evidence  as  to  the  prophylactic  value  of  the  measure. 

d.  Excision  of  the  wounded  tissues  is  in  theory  the  most  radical  treatment ;  but 
in  practice  there  is  great  probability  that  the  operation  would  be  inefficiently 
performed.  It  would,  however,  be  expedient  in  certain  cases  where  proper  chemical 
or  thermal  agents  are  not  immediately  available. 

e.  Actual  cautery  is  efficacious  where  thorough  :  it  has  the  advantage  that  the 
means  are  generally  near  at  hand,  and  has  hence  been  more  frequently  used  than 
any  other  application.  The  instrument  selected  for  the  purpose  should  be  of  a 
suitable  form  to  penetrate  to  the  bottom  of  the  wound.  The  action  will  be  more 
extensive  and  the  pain  less  severe  in  proportion  to  the  intensity  of  the  heat  of  the 
iron. 

f.  Caustics  are  unquestionably  the  best  means  of  destruction  when  they  can  be 
readily  obtained.  Of  the  many  which  have  been  tried,  the  most  important  are 
nitrate  of  silver,  caustic  potash,  and  the  strong  mineral  acids.  Nitrate  of  silver  has 
the  powerful  recommendation  of  Yonatt,  who  employed  it  successfully  twenty  times 
upon  himself  and  about  four  hundred  times  upon  other  persons,  but  in  less  practised 
hands  it  would  probably  be  inferior  to  the  fluid  caustics  which  penetrate  with 
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move  certainty  to  the  deepest  parts  of  the  wound.  Potassa  fusa,  having  the  greatest 
penetrating  power,  is  perhaps  the  best  agent,  especially  as  the  wounds  left  by  it 
appear  to  heal  more  rapidly  than  those  following  the  use  of  most  other  destructive 
chemicals ;  it  should,  however,  be  replaced  by  a  more  controllable  caustic  when  the 
wound  is  in  the  immediate  vicinity  of  a  large  vessel. 

The  statistics  already  quoted  place  beyond  question  the  value  of  destruction  of 
the  surface  of  wounds  inflicted  by  animals  known  to  be  rabid,  but  in  most  cases  of 
dog-bite  the  condition  of  the  culprit  is  uncertain.  Under  such  circumstances  the 
rule  of  practice  should  be  to  cauterise,  for  the  animal  may  be  decidedly  rabid, 
although  not  recognisably  so  to  the  unlearned  eye,  or  there  may  be  a  latent  rabies 
awaiting  for  its  full  manifestation  the  end  of  the  incubative  period.  Moreover,  it 
may  be  pointed  out  that  the  proper  use  of  caustics  will  generally  hasten  rather  than 
retard  the  healing  of  a  d3ep  punctured  wound,  and  may  avert  other  evils  besides 
that  of  hydrophobia. 

With  regard  to  the  limits  of  the  time  during  which  the  destruction  may  be 
practised,  we  must  remember  that,  although  the  measure  is  efficacious  in  proportion  to 
the  shortness  of  the  interval  between  its  application  and  the  infliction  of  the  injury, 
it  is  of  value  during  the  whole  incubation  period,  before  or  after  the  healing  of  the 
wound,  and  may  even  be  serviceable  after  the  outbreak  of  the  symptoms.1  Hence 
if  a  person  present  himself  for  treatment  days  or  weeks  after  a  bite  by  a  rabid  dog, 
the  scar  or  wound  should  be  thoroughly  destroyed,  especially  when  the  injury  has 
been  inflicted  upon  a  part  uncovered  by  clothing.  As  a  supplement  to  measures 
applicable  to  the  wound  itself,  the  destruction  of  Marochetti's  sublingual  vesicles 
may  be  carried  out,  should  they  be  observed,  and  the  suggestion  of  Dr.  Sansom  to 
practise  nerve -stretching  where  pain  extends  from  the  seat  of  injury  along  the  course 
of  a  single  nerve-trunk,  is  well  worthy  of  consideration. 

Curative  treatment. — The  objects  sought  by  treatment  of  the  declared  disease 
may  be  summarised  as  follows  : 

1.  To  remove,  as  far  as  possible,  the  influence  of  the  primary  cause. 

2.  To  maintain  the  vital  powers  by  nourishment  and  stimulants,  and  to  watch 
and  control  the  patient  during  aberrations  of  intellect. 

3.  To  relieve  the  spasmodic  paroxysms,  which  rapidly  exhaust  the  strength  of  the 
patient,  and  are  often  directly  fatal. 

In  former  times  mercurials,  and  other  '  specifics,'  were  given,  both  during  the 
incubation  and  after  the  outbreak  of  symptoms,  in  the  hope  of  destroying  the  poison 
at  work  within  the  system,  but  are  now  rarely,  if  ever,  resorted  to.  It  is,  however, 
not  impossible  that  future  investigations  into  the  intimate  pathology  of  the  disease 
may  give  a  scientific  clue  to  a  remedy  which  will  attack  the  materies  morbi  itself. 
The  inoculation  experiments  of  Lussana  and  Galtier  2  suggest  the  possibility  of 
forestalling  the  outbreaks  of  fatal  hydrophobia  by  the  substitution  of  a  comparatively 
benign  modification  of  the  same  complaint. 

1 .  The  first  indication  is  to  be  carried  out  by  free  excision  of  the  wound  or 
cicatrix.  Nerve-stretching  should  be  tried,  when  pain  extends  along  a  single  nerve- 
trunk. 

2.  The  second  object  requires  the  administration  of  nourishment  and  stimulants 
by  the  mouth,  if  efforts  of  deglutition  do  not  set  up  spasm  ;  by  the  rectum  or  by  a 
nasal  tube  in  other  cases.  The  control  of  the  patient  usually  demands  tact  rather 
than  force,  but  strong  restraint  is  sometimes  ^necessary. 

3.  The  third  indication,  the  relief  of  tlie  spasmodic  paroxysms,  has  been  the  point 
towards  which  our  efforts  at  treatment  have  chiefly  converged,  but  the  long  list  of 
over  three  hundred  medicaments,  implies  the  smallness  of  the  amount  of  reliance 
that  has  been  placed  in  any  one  of  the  number. 

Lack  of  spaee  will  prevent  an  enumeration  of  the  whole  of  the  remedies,  which 
include  every  narcotic  and  antispasmodic  in  the  pharmacopoeia,  and  many  agents 

1  A  case  is  related  by  Prof.  Rust,  in  which  recovery  followed  the  excision  of  the  wound, 
subsequent  to  the  appearance  of  hydrophobic  symptoms,  and  thirty-one  days  after  the  bite. 
■  See  Le  Progrks  Mcdi<al,  No.  '68,  1881. 
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holding  place  in  other  therapeutic  classes.  It  will  be  sufficient  to  select  out  of  the 
multitude  the  few  which  have  been  applied  with  apparently  good  results. 

Opium  and  morphia  have,  perhaps,  been  used  more  frequently,  either  as  an 
alleviative  or  with  hopes  of  cure,  than  any  other  drug.  Relief  has  been  obtained 
in  some  instances  by  hypodermic  injections  of  morphia,  but  the  alkaloid  has  not 
shown  any  curative  power.  It  has  been  advised  to  select  as  the  seat  of  injection  a 
point  over  the  recurrent  laryngeal  nerve,  with  a  view  of  diminishing  the  tendency 
to  spasm  of  the  glottis. 

Curare,  owing  to  its  action  upon  the  voluntary  muscles,  was  suggested  by  Trous- 
seau a  few  years  ago,  and  is  at  present  the  most  promising  remedy  at  our  command. 
Its  power  of  relieving  the  spasmodic  paroxysms  was  first  shown  by  Dr.  Offenberg,  of 
Winkrath,  in  1874,  and  since  that  time  three  cures  have  been  attributed  to  its  ad- 
ministration, one  by  Dr.  Offenberg  1  himself,  one  by  Dr.  Watson,  of  Jersey,  U.S. 
('American  Journal  of  Med.  Science,'  1876),  and  one  by  Dr.  Polli('Le  Paris  Medical,' 
May,  1877).  In  three  other  cases,  two  published  by  Dr.  Wilson  ('American 
Journal  of  Med.  Science,'  1877),  and  one  by  Dr.  Langdon  Down  ('  Lancet,'  Oct., 
1881),  alleviation  of  the  symptoms  was  obtained  by  means  of  the  same  remedy,  but 
a  fatal  termination  was  not  prevented.  The  best  mode  of  exhibition  is  by  sub- 
cutaneous injection  as  recommended  by  Dr.  Offenberg.  The  dose  cannot  yet  be  con- 
sidered fixed.  Offenberg  gave  one-third  of  a  grain,  repeated  as  often  as  the  physio- 
logical effects  began  to  dimmish  ;  in  Dr.  Polli's  case  three  grains  were  injected  in 
five  and  a  half  hours ;  and  Dr.  Watson  used  quantities  gradually  augmenting  from 
one-sixteenth  to  one-half  of  a  grain  every  third  hour.  A  convenient  form  is 
provided  in  Savory  and  Moore's  gelatine  discs,  which  can  be  given  by  the  mouth  or 
dissolved  for  hypodermic  use. 

The  patient  must  be  carefully  watched  during  the  action  of  the  drug  for  signs 
of  failure  of  the  heart  and  respiratory  muscles. 

Chloroform  vapour  has  been  frequently  tised,  sometimes  with  the  result  of 
lessening  the  violence  of  the  paroxysms,  but  never  with  ultimate  success,  unless  we 
accept  as  an  example  a  case  of  somewhat  doubtful  diagnosis  reported  by  Dr. 
Nicholls  ('Lancet,'  June,  1878),  in  which  the  inhalation  was  reinforced  by  the 
administration  of  Calabar  bean  and  morphia. 

Chloral  hydrate  has  had  no  greater  success  than  chloroform.  Dr.  Painter 
('  Lancet,'  April  1874)  relates  a  case  in  which  it  was  successful,  but  some  doubt  is 
cast  upon  the  nature  of  the  disease  by  the  fact  that  the  dog  that  inflicted  the  bite 
was  alive  four  months  afterwards. 

Filocarpin  was  found  alleviative  in  one  case  by  Dr.  Charteris  ('  Lancet,'  Sept., 
1880). 

Vapov.r  baths. — It  is  some  years  since  a  M.  Buisson  was  said  to  have  cured  him- 
self of  the  disease  by  means  of  a  Russian  vapour  bath  of  107°  Fah.,  and  to  have 
subsequently  repeated  the  same  treatment  with  success  in  eighty  cases.  Such  results 
are  too  startling  to  encourage  belief  in  the  correctness  of  the  diagnosis,  but  the 
remedy  has  lately  been  used  by  Dr.  Southam  ('Lancet/  Sept.,  1879)  with  temporary 
benefit. 

In  addition  to  the  use  of  drugs,  the  aid  of  surgery  has  been  invoked,  and 
laryngotomy  has  been  recommended  as  a  means  of  preventing  the  effects  of  spasm 
of  the  glottis.  The  operation  is  simple  and  almost  entirely  free  from  danger.  It 
would  in  many  cases  greatly  relieve  the  most  distressing  symptoms,  and  in  some 
might  avei't  the  fatal  termination. 

In  conclusion,  it  must  still  be  said  that  we  are  unable  to  boast  a  cure  for  hydro- 
phobia, but  modern  pathology  has  given  us  observations  and  suggestions  that  may 
soon  point  out  new  paths  in  treatment ;  and  we  hav  e  at  least  one  recent  addition 
to  our  remedies,  which  bids  fair  to  rank  amongst  the  well-earned  triumphs  of 
modern  scientific  therapeutics. 

Wjlliam  Anderson. 
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2.  GLANDERS. 

Glanders  is  a  virulent  contagions  disease  peculiar  in  its  origin  to  the  equine  race, 
bnt  transferable  to  other  animals  by  inoculation  of  its  specific  morbid  products.  Two 
forms  are  described,  both  originating  in  the  same  virus,  but  distinguished  from  each 
other  by  the  locality  of  the  principal  signs.  One,  known  as  Glanders  proper  (Fr. 
morve,  Ger.  J!ot~),  is  characterised  by  ulceration  of  the  pituitary  membrane  and  a 
resulting  swelling  of  the  submaxillary  lymphatic  glands;  the  other,  called  Farcy  (Fr. 
farcin,  Ger.  Wurm  or  ffcmtwurm),  manifests  itself  by  a  peculiar  inflammation  of  the 
lymphatic  vessels  and  glands.    Either  form  may  be  acute  or  chronic. 

The  disease  is  spread  chiefly,  if  not  entirely,  by  contagion,  but  it  is  possible  that 
it  may  in  some  caoes  be  conveyed  by  atmospheric  infection.  It  is  said  that  it  may 
develop  spontaneously  under  circumstances  of  bad  hygiene  and  improper  feeding,  but 
this  is  very  doubtful. 

Glanders  in  the  Horse. 

The  most  common  form  of  the  complaint  in  the  hoi'se  is  chronic  glanders  ;  in  men 
contagion  most  frequently  results  in  acute  glanders. 

The  symptoms  of  glanders  proper  are  thus  described  by  Youaft.1  'The  local  symptoms 
are,  a  nasal  discharge,  which  is  the  earliest  sign,  and  consists  of  an  increased  secretion, 
small  in  quantity  and  flowing  constantly,  and  is  of  an  aqueous  character,  mixed  with  a  little 
mucus.  It  is  not  sticky  when  first  recognised,  but  becomes  so  afterwards,  having  a  peculiar 
viscidity  and  glueyness.  The  discharge  soon  increases  in  quantity,  and  becomes  discoloured, 
bloody,  and  offensive  in  the  advanced  stages.  On  the  other  hand,  the  discharge  may  con- 
tinue for  many  months,  or  even  for  two  or  three  years,  unattended  by  any  other  symptom, 
and  yet  the  horse  be  decidedly  glandered.  The  glands  under  the  jaw  soon  become  enlarged, 
and  are  generally  observed  on  the  same  side  as  the  affected  nostril ;  the  swelling  at  first  may 
be  somewhat  large  and  diffused,  but  this  subsides  in  a  great  measure,  and  leaves  one  or  two 
glandular  enlargements,  which  become  closely  adherent  to  the  jaw-bone.  The  mucous  mem- 
brane of  the  nose  becomes  of  a  dark  purplish  hue  or  almost  of  a  leaden  colour ;  never  the 
faint  pink  blush  of  health  or  the  intense  and  vivid  red  of  usual  inflammation.  Spots  of 
ulceration  will  probably  appear  on  the  membrane  covering  the  cartilage  of  the  nose:  these 
ulcers  are  of  a  circular  form,  deep,  and  with  abrupt  and  prominent  edges,  and  become  larger 
and  more  numerous,  obstructing  the  nasal  passages  and  causing  a  grating  or  choking 
noise  in  breathing.  The  disease  extends  upwards  into  the  frontal  sinuses,  and  the 
ntegument  of  the  forehead  becomes  thickened  and  swollen,  causing  peculiar  tenderness. 
The  absorbents  about  the  face  and  neck  become  now  implicated,  constituting  farcy;  these 
enlarge  and  soon  ulcerate.  The  absorbents  on  the  inside  of  the  thigh,  and  then  the  deep 
absorbents  of  both  hind  legs,  are  next  involved,  causing  them  to  swell  to  a  great  size,  and 
become  stiff,  hot,  and  tender.  The  constitutional  symptoms  are,  loss  of  flesh,  impaired 
appetite,  failing  strength,  more  or  less  urgent  cough  ;  the  belly  t  ucked  up  ;  the  coat  unthrifty 
and  readily  coming  off.  The  animal  soon  presents  one  mass  of  putrefaction,  and  dies  ex- 
hausted.' 

Respecting  farcy,  Youatt  describes  it  in  the  horse  as  being  a  different  type  of  the  same 
disease :  '  It  is  an  affection  of  the  absorbents  and  their  glands,  usually  attacking  the  extremi- 
ties, commencing  in  a  kind  of  glanderous  chancre  or  ulcer.  The  absorbents  open  upon  every 
chancre,  and  take  up  a  portion  of  the  virus,  which  is  secreted  by  the  ulcer,  and  as  it  passes 
along  the  absorbent  vessels,  these  suffer  from  its  acrimonious  quality  ;  hence  the  corded  veins, 
as  the}'  are  called  by  the  farrier,  or  more  properly  the  thickened  and  inflamed  absorbents 
following  the  course  of  the  veins.  At  certain  distances  in  the  course  of  the  absorbents  are 
valves,  and  these  belly  out  and  impede  or  arrest  the  progress  of  the  matter  towards  the 
chest.  The  virus  at  these  places  causes  swellings,  which  are  very  hard,  even  of  a  scirrhous 
hardnesrf,  more  or  less  tender,  and  with  perceptible  heat  about  them.  They  are  observed 
about  the  lips,  nose,  neck,  axillary  spaces  and  thighs.  Suppuration  and  ulceration  next 
ensue.  The  ulcers  are  rounded,  with  elevated  edges  and  pale  surface  ;  they  are  true  chancres, 
and  discharge  a  virus  as  infectious,  as  dangerous,  as  the  matter  of  glanders.  While  they 
remain  in  their  hard  and  prominent  state,  they  are  called  buttons  or  farcy  buds,  and  they  are 
connected  together  by  the  inflamed  and  corded  absorbents.  The  constitutional  symptoms 
are,  drooping ;  impaired  appetite;  loss  of  flesh  ;  the  coat  will  stare.  The  horse  may  then 
rally,  and  appear  to  be  restored  to  health.  By  degrees,  however,  the  affection  soon  becomes 
general ;  the  myriads  of  capillary  absorbents  that  penetrate  every  part  become  inflamed  and 
enlarged,  and  cease  to  discharge  their  functions  ;  hence  arise  the  enlargements  of  the  sub- 
stance of  various  parts,  swellings  of  the  legs,  chest,  and  head  :  these  are  sudden,  painful,  ami 


1  Vouatt,  On  the  Horse. 
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enormous,  distinguished  by  a  heat  and  tenderness  which  do  not  accompany  other  enlarge- 
ments.' 

Chronic  farcy  and  glanders  are  both  very  insidious  in  onset,  and  may  be  for  a 
long  period  unassociated  with  marked  constitutional  disturbance.  Either  may  ter- 
minate in  acute  glanders. 

The  period  of  incubation  in  the  acute  forms  is  usually  short — three  to  six  days ; 
in  the  chronic  forms  the  interval  is  longer,  but  no  certain  duration  can  be  assigned. 

Glanders  in  Man. 

In  man  the  disease  manifests  itself  in  much  the  same  form  as  in  the  horse,  viz. 
as  acute  or  chronic  glanders  or  farcy  ;  but  in  general  these  two  forms  are  associated, 
commencing  either  as  acute  glanders  followed  by  fa.rcy,  or  as  farcy  rapidly  succeeded 
by  glanders  ;  the  disease  is  also  more  frequently  attended  with  an  extensive  tuber- 
cular eruption  of  the  skin  of  an  exathematous  character.  The  stage  of  incubation 
lasts  from  two  to  fifteen  days,  and  then  the  disease  passes  through  a  premonitory 
stage  of  ordinary  pyrexia,  febrile  excitement,  etc.,  succeeded  by  the  specific  or 
eruptive  stage,  with  its  special  local  and  constitutional  symptoms.  The  stage  of 
invasion,  or  the  premonitory  stage,  commences  with  a  feeling  of  indisposition  or 
depression,  and  with  peculiar  wandering  pains,  followed  by  febrile  excitement, 
shivering,  great  heat,  and  uneasiness;  soon  afterwards  the  pain  becomes  localised  in 
the  muscles,  simulating  rheumatism,  and  often  mistaken  for  it.  The  extremities, 
and  more  especially  the  bend  of  the  groin,  the  axilla?,  and  neck,  become  tender  and 
painful,  and  upon  careful  and  minute  examination  may  usually,  but  not  always,  be 
detected  swellings  which  are  sometimes  diffused  and  sometimes  circumscribed, 
indicating  glandular  complication ;  these  may  disappear  suddenly.  The  fever  soon 
assumes  a  more  inflammatory  character,  the  pulse  becomes  full  and  frequent ;  the 
skin  hot  and  dry,  the  face  flushed,  and  the  head  heavy  ;  there  is  want  of  sleep,  the 
tongue  is  foul,  and  the  urine  is  scanty  and  high-coloured.  Rigors,  profuse  acid 
perspirations,  and  diarrhoea  may  set  in. 

Sooner  or  later  the  second  stage,  that  of  eruption,  appears,  and  the  specific 
characters  of  the  disease  are  developed.    In  acute  cases  it  almost  always  follows 
soon  after  the  invasion,  but  in  chronic  cases  there  may  be  an  interval  of  weeks. 
The  following  are  the  local  and  constitutional  symptoms  of  this  period.  The 
most  prominent  is  the  glanders  eruption,  consisting  of  a  crop  of  tubercles,  remark- 
ably bard,  simulating  the  pustules  of  small-pox  in  their  early  stage,  and  attacking  the 
skin  like  an  exanthem  :  it  is  considered  to  be  peculiar  to  the  disease.  It  was  regarded 
by  Rayer  as  quite  distinct  from  the  pock-pusi  ides  of  ecthyma  and  other  exanthemata, 
and  Virchow  states,  that  although  in  outward  appearance  the  tubercles  resemble 
pustules,  they  consist  of  a  firm  and  tenacious  deposit  in  the  corium  of  the  skin,  of  a 
whitish  or  yellowish  material,  over  which  the  epidermis  passes.    He  describes  their 
development  as  follows  :  '  There  appear  some  red  spots,  which  are  at  first  very  small, 
and  resemble  flea-bites,  but  soon  acquire  a  papular  elevation,  subsequently  rising  above 
the  level  of  the  surface  like  small  shot  and  assuming  a  yellow  colour.    These  shot- 
like knots  are  either  flat  or  round,  and  do  not  lie  in  a  bladder-like  elevation  of  the 
epidermis,  but  in  a  kind  of  hole  in  the  corium,  as  if  the  latter  had  been  punched  out ; 
they  are  not  always  solitary,  but  often  disposed  in  groups.    There  is  some  surround- 
ing injection,  and  under  the  epidermis  there  is  found  apuriform  and  yellow  material, 
a  product  of  softening.    The  knot  is  composed  of  a  homogeneous  yellowish  substance, 
firm  and  friable,  and  having  great  resemblance  to  tubercle.    Microscopically  ex- 
amined, they  present  an  amorphous  granular  appearance,  mixed  with  cell-elements 
and  cell-growths,  and  numerous  fat-globules.    "Virchow  1  considers  them  to  be  in  the 
first  instance  a  cell-formation,  which  subsequently  passes  into  a  cheesy  condition,  and 
then  softens  down,  producing  the  pus  of  glanders  and  the  farcy  abscesses.  They 
attack  in  a  similar  manner  the  mucous  membrane  of  the  nose,  where  the  knots  are 
small  and  linseed-shaped,  and  give  rise  to  the  peculiar  nasal  discharge.  Softening 

1  Handbuch  der  Pathologie  und  Thevapie,  Band  ii.  Abth.  L 
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of  these  tubercles  next  ensues,  the  skin  gives  way,  and  ulceration  follows;  leaving 
small  holes  filled  with  debris. 

In  addition  to  the  tubercles  of  Virchow  a  vesicular  eruption  resembling  pemphigus 
is  not  unfrequently  met  with.  The  vesicles  are  scattered  indiscriminately  over  the 
face,  neck,  and  abdomen  ;  and  some  few  upon  the  extremities  ;  they  rapidly  become 
pustular  with  livid  inflamed  base,  and  when  closer  together  become  confluent,  dis- 
charging a  sero- purulent  fluid,  ultimately  leaving  an  irregular  ulcerated  surface, 
encrusted  with  a  soft  brownish  sloughy  coating.  When  appearing  about  the  face 
and  neck,  they  are  accompanied  with  an  erysipelatous  redness  and  puffiness  of  the 
integuments.  In  the  very  early  stage  they  are  not  at  all  unlike  the  eruption  of 
varicella. 

The  tubercles  may  be  developed  in  other  situations,  such  as  in  the  subcutaneous 
cellular  tissue,  producing  circumscribed,  hard,  and  painful  boils,  or  else  diffused 
swellings  of  great  extent,  which  either  open  spontaneously,  or  give  rise  to  extensive 
sloughing  of  the  skin  and  deeper  structures  ;  or,  in  rarer  instances,  subside,  and  re- 
appear in  other  parts.  This  form  is  termed  flying  farcy.  Accompanying  the  erup- 
tion, we  find,  sooner  or  later,  in  a  number  of  the  cases,  small  soft  tumours  scat- 
tered about  the  extremities,  forming  a  kind  of  pysemic  abscesses,  generally  seated 
in  the  muscles,  seldom  attacking  the  glands,  and  when  subcutaneous  remarkably 
defined.-'  When  appearing  in  the  substance  of  the  muscles,  more  especially^  in  those 
of  the  calf  of  the  leg  and  back,  they  may  form  distinct,  hard,  isolated  masses,  which 
are  often-  exceedingly  painful ;  but  more  often  they  are  not  discovered  until  after 
death,  when  they  may  be  found  varying  from  the  size  of  a  millet-seed  to  that  of  a 
walnut,  and  in  various  stages  of  softening. 

In  the  more  advanced  stages  of  the  disease  the  eruptive  tubercles  attack  the 
mucous  membrane  of  the  larynx,  trachea,  and  bronchi,  as  also  the  lungs  and  pleura, 
causing  pneumonia  and  pleurisy.  Virchow  considers  that  the  part  where  there  is 
most  exudation  is  in  the  lungs,  on  the  surface  of  which  it  appears  as  a  series  of  tuber- 
cles covered  by  a  fibrinous  pleuritic  layer,  and,  in  the  substance,  induces  lobular 
hepatisation,  forming  the  pneumonia  of  glanders.  Dr.  Renaut,  in  a  communication 
to  the  Academie  des  Sciences,  describes  the  pulmonary  tubercles  found  in  the  glandered 
horse  as  granulations  occupying  the  alveolar  cavities  and  composed  of  embryonal 
cells.  In  the  older  granulations  fatty  and  caseous  degeneration  and  pus  formation 
were  observed.  The  alveoli  adjacent  to  the  tubercles  were  filled  with  blood  in  various 
stages  of  change,  and  sclerotic  points,  the  result  of  chronic  inflammation,  were  seen 
around  the  smaller  bronchial  tubes.  These  changes  are  not  peculiar  to  glanders,  but 
are  analogous  to  those  found  in  many  forms  of  blood-poisoning. 

Occasionally  the  tubercles  attack  other  organs,  such  as  the  testicle,  infiltrating  it, 
and  stimulating  rheumatic  orchitis ;  the  kidneys ;  the  pancreas ;  and  the  serous 
and  synovial  membranes. 

The  mucous  membrane  of  the  nose,  frontal  sinuses,  and  parts  adjoining,  may 
become  involved.  Nasal  discharge  is  one  of  the  first  symptoms  of  the  disease  and 
may  precede  any  visible  eruption  :  at  the  onset  it  resembles  more  or  less  that  of 
ordinary  catarrh,  and  is  thin  and  clear,  like  water ;  but  afterwards,  as  in  the 
horse,  it  becomes  characterised  by  forming  a  thick,  sticky,  highly  tenacious,  puriform 
fluid,  of  a  dirty  yellow  or  red-brown  colour,  often  mixed  with  blood.  Should  the 
patient  be  in  a  recumbent  position,  this  discharge  may  flow  back  through  the 
posterior  nares,  and  escape  observation,  so  that  the  practitioner  may  overlook  the 
disease.  The  nasal  discharge  is,  however,  a  less  characteristic  sign  in  man  than  in 
the  horse,  and  may,  though  rarely,  be  absent  altogether.2 

The  nose  and  face  become  cedematous,  swollen,  dusky  and  shining  in  appearance, 
and  the  conjunctiva  may  be  covered  with  thick  secretion. 

1  There  are  in  Guy's  Hospital  Museum  wax  models  (29611,  29621)  of  two  characteristic 
cases  in  an  early  and  in  a  fully-developed  stage.  The  cases  themselves  are  reported  in  the 
Guys  Hosp.  Reports,  series  iii.  vol.  vii.  p.  304. 

2  In  a  case  reported  by  Dr.  Dickinson  (see  Lancet,  vol.  ii.  1877)  the  patient,  the  subject  of 
well-marked  farcy  buds,  died  with  symptoms  like  those  of  pyaemia,  but  no  nasal  discharge 
was  observed  at  any  period  of  the  disease. 
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The  submaxillary  glands  are  seldom  involved  in  man  ;  but  the  tonsils  are  pecu- 
liarly liable  to  be  affected,  and  large  abscesses  are  often  formed  in  them. 

The  swellings  and  discharge  increase,  the  latter  becoming  profuse  and  intense; 
inflammation  extends ;  bulla?  appear  on  the  integuments,  and  abscesses  form  one 
after  another;  and  gangrene  sometimes  attacks  the  nose,  eyelids,  <fec. 

The  constitutional  symptoms  during  the  progress  of  the  disease  are  severe,  and  at 
first  of  the  inflammatory  type,  but  soon  assume  a  typhoid  character ;  the  pulse,  110  to 
120  ;  the  skin  hot,  and  covered  with  clammy  sweat  of  a  peculiar  sour  odour  :  there  is 
excessive  thirst ;  low  delirium  with  tremors,  and  laborious  respiration ;  coma  super- 
venes, and  death  results  from  exhaustion.  In  many  instances  the  symptoms  resemble 
those  of  pyaemia. 

The  duration  of  the  disease  varies  ;  in  the  most  acute  form  it  is  fatal  within  a  week, 
and  death  has  taken  place  even  within  three  days  :  in  others  it  has  lasted  three  or 
four  weeks,  and  in  some  rare  instances  life  has  been  prolonged  for  many  months. 

Such  are  the  effects  of  acute  glanders  in  man  ;  but  in  many  instances  it  is 
associated  with  acute  farcy,  which  consists  in  the  superaddition  of  inflamed  absorbents 
and  lymphatics,  and  is  generally  induced  by  the  inoculation  of  a  scratch  or  abrasion 
on  the  extremities ;  in  these  cases  we  have  diffused  suppuration  of  the  limb,  and 
glandular  abscesses. 

The  chronic  forms  of  the  disease  are  remarkable  for  their  slow  development  and 
course,  and  the  comparative  frecpiency  of  recovery. 

Chronic  glanders  is  the  rarest  form  in  man.  The  constitutional  symptoms  are 
usually  ill  marked  :  nasal  discharge  is  present,  but  is  seldom  accompanied  by  enlarge- 
ment of  the  submaxillary  glands ;  and  laryngeal  symptoms  are  frequent.  Should 
recovery  occur,  the  nasal  passage  may  become  considerably  contracted  by  cicatrisation 
of  the  ulcers  of  the  mucous  membrane. 

In  chronic  farcy,  large  subcutaneous  abscesses  may  appear,  and  may  lead  to  the 
formation  of  foul  ulcers.  The  inflammation  of  the  lymphatic  vessels  and  glands  is 
tedious.  It  is  often  associated  with  chronic  glanders,  and  may  terminate  in  acute 
glanders.    Symptoms  of  pyaemia  or  septicaemia  may  supervene  in  either  form. 

Diagnosis. — In  man  the  disease  is  difficult  to  recognise  at  its  onset,  as  the  general 
symptoms  do  not  differ  from  those  of  ordinary  blood-poisoning.  In  the  early 
eruptive  stage  it  is  very  much  like  small-fiox,  and  may  have  its  shotty  feel ;  but  the 
history  and  subsequent  development  of  the  disease  will  soon  indicate  its  nature  ;  at  a 
later  period  it  may  resemble  rheumatism,  pyemia,  or  typhus  fever ;  but  when  the 
eruptive  stage  is  developed,  all  doubt  will  be  at  an  end  ;  the  presence  of  a  peculiar 
exanthematous  eruption,  the  nasal  discharge,  the  erysipelatous  blush  in  the  face  and  eyes, 
the  tumours  and  knots  in  the  cellular  tissues  and  muscles,  and  the  local  suppurations, 
sufficiently  attest  its  character.  Billroth  lays  great  stress  on  the  numerous  haemorrhagic 
abscesses  in  the  muscles  as  being  very  characteristic  of  the  pyaemia  of  glanders. 

Glanders  is  not  to  be  confounded  with  an  eruptive  disease  produced  by  the  morbid 
fluids  generated  in  the  affection  called  grease,  a  specific  inflammation  of  the  sebaceous 
glands  in  and  about  the  heels  of  the  horse,  which,  after  a  certain  period,  gives  rise  to  a 
very  acrid  thin  discharge.  This,  when  applied  to  any  abrasion  of  the  hands,  gives  rise 
to  a  pustular  affection  of  the  skin,  and  is  termed  Eqninia  mitis,  in  contradistinction 
to  glanders,  which  is  often  called  Equinia  glandulosa.  It  is  not  at  all  uncommon 
among  coachmen,  stable-boys,  farriers,  and  other  persons  who  dress  the  heels  of 
horses  affected  by  the  disease.  The  pustules,  very  similar  to  those  of  ecthyma,  are 
elevated,  and  have  a  red  or  purple  swollen  base ;  they  are  about  the  size  of  a  sixpence, 
and  /ary  in  number  ;  the  pustules  become  purulent  about  the  third  day,  and  begin  to 
dry  about  the  tenth  or  twelfth,  forming  thick  scabs,  which  leave  well-marked  cica- 
trices.   The  treatment  consists  merely  in  rest  and  mild  local  applications. 

The  prognosis  in  glanders  is  very  unfavourable ;  recovery  rarely  taking  place 
unless  early  treatment  be  adopted,  and  in  only  mild  cases  of  poisoning,  where  the 
activity  of  the  virus  is  weakened. 

The  post-mortem  appearances  have  been  well  described  in  two  cases, 1  in  both  of 

1  Dickinson,  Lancet,  March,  1869.    Poland,  Medical  Times  and  Gazette,  March,  1869. 
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which  there  was  absence  of  nasal  discharge.  One  of  the  patients  died  on  the  twenty- 
first  day.  The  blood  was  found  fluid,  the  muscles  soft  and  rotten,  the  cervical  and 
parotid  glands  suppurating ;  the  lower  part  of  the  right  lung  quite  solid  with  grey 
hepatisation  ;  its  tissues  completely  broken  down  and  infiltrated  with  purulent  fluid ; 
the  left  lung  studded  throughout  with  numerous  patches  of  a  slate  colour  and  of  the 
size  of  hazfl-nuts. 

The  second  patient  died  on  the  thirteenth  day ;  there  was  no  affection  of  the 
lymphatic  glands,  but  suppuration  occurred  in  the  muscles  of  both  calves  of  the  leg 
and  local  abscesses  were  found  in  other  parts  of  the  body,  chiefly  in  the  muscles  :  the 
joints  were  free  from  suppuration  :  there  were  recent  patches  of  lymph  in  the  pleura; 
lobular  pneumonia  in  the  base  of  the  upper  lobe  of  the  right  lung,  in  the  stage  of  grey 
hepatisation  ;  and  the  lower  lobes  of  both  lungs  throughout  contained  smaller  hepatised 
masses  :  the  liver  was  free  from  disease. 

In  an  interesting  case  of  acute  farcy  brought  before  the  Pathological  Society  of 
London  in  February  1862  by  Dr.  Bendall,  an  entirely  novel  pathological  feature  was 
discovered.  The  patient  when  first  seen  was  suffering  from  lymphangitis  of  the 
right  leg,  with  numerous  '  farey  buds '  scattered  through  the  muscles  of  the  limbs.  The 
puriform  contents  of  two  of  these  tumours  were  found  to  be  admixed  with  a  con- 
siderable proportion  of  free  oil.  At  a  later  period  an  eruption  appeared  upon  the 
skin,  involving  also  the  mucous  membrane  of  the  mouth,  fauces,  and  nose,  and  at 
length,  after  a  period  of  intense  dyspnoea  associated  with  signs  of  pneumonia  of  the 
left  base,  the  patient  died.  The  autopsy  revealed,  in  addition  to  other  appearances, 
extensive  fatty  necrosis  of  the  inflamed  tissues,  and,  as  a  probable  result  of  this, 
numerous  fat  embolisms  in  the  lungs. 

Pathology. — Respecting  the  seat  and  nature  of  the  disease  there  are  several 
opinions.  Some  regard  it  as  a  purely  local  affection  arising  from  atmospheric  causes, 
and  leading  to  oxidation  and  acidification  of  the  secretions ;  others  consider  it  to 
be  more  often  a  spontaneous  and  primary  change  in  the  blood,  basing  their  opinion 
upon  the  fact  that  the  peculiar  secretion  in  glanders,  when  injected  into  the  blood 
of  a  sound  horse,  produces  the  disease ;  others,  again,  assert  it  to  be  a  tubercular 
affection,1  and  it  has  been  suggested  that  it  is  a  kind  of  pyaemia.  There  is,  however, 
little  doubt  that  it  will  soon  pass  into  the  category  of  diseases  caused  by  the  entrance 
of  some  form  of  bacillus  or  other  low  organisms  into  the  system. 

^Etiology. — In  man  as  well  as  in  the  horse  the  disease  arises  from  contagion, 
the  most  common  medium  being  the  nasal  discharge,  and  the  discharge  from  farcy 
swellings.  It  is  never  spontaneously  developed  in  man,2  but  once  communicated  by 
the  horse  to  man,  or  from  man  to  the  horse,  it  can  be  conveyed  from  man  to  man. 
According  to  some,  the  poison  may  be  communicated  through  the  blood,  and  Viborg 
states  that  it  may  be  also  transmitted  by  means  of  the  saliva,  urine,  and  sweat. 
Langenbeck  found  a  peculiar  fungus  in  the  nasal  discharge,  which  he  considered  to 
be  the  medium  of  contagion ;  this,  however,  has  been  proved  to  be  accidental,  but  the 
probability  of  a  parasitic  origin  is  still  great.  Of  the  chemical  nature  of  glanders- 
matter  nothing  is  known. 

Although  absorption  of  the  virus  usually  results  from  direct  contact  with  a  wound 
or  abraded  surface,  or  witli  a  thin  and  delicate  membrane,  like  that  of  the  nose, 
cases  are  recorded  in  which  the  disease  was  conveyed  by  wiping  the  apparently 
unbroken  skin  of  the  face  with  unclean  hands  or  cloths.  In  a  well-marked  case  of 
farcy  under  the  care  of  Mr.  Thomas  Smith  ('  Lancet,'  vol.  i.  1874)  no  indication  of 
local  inoculation  could  be  detected. 

The  treatment  of  the  disease  in  man  is  extremely  unsatisfactory.    As  internal 

1  M.  Villemin  {Etudes  sur  la  Tuberculose,  Paris,  1808,  p.  4.31)  considers  glanders  to  he 
the  nearest  approach  tc  tuberculosis;  he  speaks  of  the  farcy  bud,  the  tubercular  granulations, 
the  caseous  engorgements  of  the  glands,  the  caseous  pneumonia,  &c,  as  all  similar  to  the 
characters  of  phthisis.  As  we  have  an  acute  and  chronic  phthisis,  so  we  have  an  acute  and 
chronic  glanders.  Glanders  and  tubercle  are  closely  allied,  and  must  he  looked  upon  as 
nearly  related  species  of  the  same  genus. 

8  Of  120  cases  collected  by  Bollinger,  the  patients  in  all  but  six  were  men,  and  were 
brought  by  their  daily  occupations  into  frequent  contact  with  horses. 


FOOT  AND  MOUTH  DISEASE. 


347 


remedies,  iodine,  arsenic,  creosote,  turpentine,  and  other  drugs  are  recommended. 
But  the  constitutional  treatment  of  most  importance  is  that  which  is  based  upon 
general  principles,  viz.  the  alleviation  of  the  concomitant  symptoms,  such  as  sleep- 
lessness, thirst,  &c,  and  the  maintenance  of  the  powers  of  life  by  fresh  air,  generous 
diet,  stimulants,  and  tonics.  At  the  same  time,  local  measures  for  the  arrest  of  the 
progress  of  the  local  affection  are  highly  important,  especially  where  the  disease 
assumes  a  chronic  form.  Strong  solution  of  creosote,  nitrate  of  silver,  and  other 
antiseptics  and  stimulants  may  be  injected  into  the  nostrils.  Solutions  of  chlorate  of 
potash,  and  diluted  mineral  acids,  have  also  been  recommended  as  injections  and 
gargles  ;  and  fumigation  with  volatile  stimulating  antiseptics,  conveyed  through  the 
medium  of  warm  aqueous  vapour,  may  be  of  service. 

Any  probable  point  of  inoculation  should  be  destroyed  with  caustic  potash,  nitric 
acid,  or  other  strong  agent.  Abscesses  should  be  opened  early  and  freely,  and  their 
cavities  washed  out  repeatedly  with  antiseptic  solutions  ;  lastly,  ulcers  may  be  dressed 
with  stimulants  and  disinfectant  lotions,  or,  if  obstinate,  the  surface  may  be  cauterised 
by  the  application  of  strong  nitric  or  hydrochloric  acid. 

Alfred  Poland,  1870. 
"William  Anderson,  1882. 

3.  FOOT  AND  MOUTH  DISEASE. 
Syn.  Aphtha?  Epizooticae,  Maulklauenseuche. 

Definition.—  A  sub-acute  febrile  disease  originating  chiefly  amongst  the  domestic 
herbivora,  and  transferable  to  man  by  contagion  or  infection.  Its  principal  characters 
are  those  of  an  aphthous  stomatitis,  associated  with  a  vesicular  cutaneous  eruption 
which  in  cattle  is  more  constant  in  the  neighbourhood  of  the  hoof. 

The  animals  most  liable  to  the  disorder  are  cattle,  sheep,  and  goats.  It  also  affects 
horses,  swine,  and,  more  rarely,  dogs  and  fowls.  The  prevalence  amongst  cattle  is  very 
great,  but  varies  considerably  in  diiierent  years.  In  1871  no  less  than  700,000  head  were 
attacked  in  England  alone. 

The  vehicles  of  contagion  are  :  the  discharge  from  the  vesicles  and  from  the  super- 
ficial ulcers  which  succeed  them  ;  the  secretions  of  saliva  and  milk  ;  the  fcecal  and 
urinary  excretions  ;  and,  lastly,  the  atmosphere  in  the  vicinity  of  diseased  animals 
may  in  all  probability  convey  suspended  particles  of  the  virus. 

Amongst  the  domestic  animals,  except  in  the  case  of  the  young,  which  are  prin- 
cipally infected  by  the  milk,  the  complaint  is  usually  the  result  of  direct  contact 
with  discharges  and  excretions  ;  but  it  is  conveyed  to  man  almost  solely  by  means  of 
contaminated  milk,  butter,  or  cheese. 

The  poison,  unlike  that  of  hydrophobia,  does  not  require  a  breach  of  surface  for  its 
entrance  into  the  system.  Its  nature  is  still  uncertain ;  the  discharge  from  vesicles 
and  ulcers  has  been  found  to  contain  micrococci,  and  although  no  organisms  have 
been  seen  in  the  milk,  the  secretion  shows  considerable  alteration  of  character  by 
premature  coagulation  and  a  tendency  to  sourness  and  rancidity.  The  use  of  the 
flesh  as  food  is  said  to  be  innocuous. 

Symptoms  in  Cattle. — After  an  incubation  of  three  to  six  days,  the  disease  is  ushered  in  by 
moderate  febrile  disturbance  with  apathy  and  loss  of  appetite.  In  the  course  of  a  day  or 
two  appear  signs  of  a  catarrhal  inflammation  of  the  mucous  membrane  of  the  mouth.  The 
salivary  secretion  is  augmented,  and  an  eruption  of  vesicles  shows  itself  upon  the  inner  sur- 
face of  the  lips,  the  edentate  edge  of  the  upper  jaw,  the  tip  and  sides  of  the  tongue,  and 
occasionally  reaches  to  the  fauces  and  pharynx  (and  even,  as  shown  by  post-mortem  exami- 
nation, to  the  stomach).  The  vesicles  soon  burst,  leaving  excavations  which  may  widen  and 
coalesce  to  form  large  breaches  of  surface.  Healing  is  generally  complete  within  four  to  six 
days.  Accompanying  the  buccal  affection  is  a  foot-lesion  of  similar  nature,  attacking  the 
member  near  the  coronal  border  and  cleft  of  the  hoof.  Inflammation  is  succeeded  by  a 
vesicular  eruption,  the  discharge  from  which  forms  scabs  that  fall  about  the  end  of  the 
second  week.  In  unfavourable  cases  the  hoof  may  be  shed  or  the  inflammation  may  extend 
to  the  adjacent  joints,  and  occasionally  the  symptoms  may  be  complicated  by  metastatic 
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abscesses.  The  udder,  and,  much  more  rarely,  the  conjunctiva,  nostrils,  and  vagina,  may 
participate  in  the  affection. 

The  disease  usually  terminates  by  recovery  in  about  fourteen  days,  but  calves  that  have 
been  infected  by  the  milk  die  in  one-half  or  more  of  the  cases  from  gastro-enteritis. 

In  sheep,  goats,  and  swine  the  principal  manifestations  are  confined  to  the  feet ;  in  the 
horse  to  the  mouth. 

Foot  and  mouth  disease  in  man. — It  has  already  been  pointed  out  that  the  visual 
mode  by  which  the  disease  extends  to  man  is  by  the  use  of  milk  from  infected  cows. 
Under  these  circumstances,  children,  as  the  great  consumers  of  milk  in  its  natural 
state,  are  necessarily  the  especial  subjects  of  attack. 

The  symptoms  are  analogous  to  those  in  cattle.  After  a  period  of  incubation  of 
from  two  to  five  days,  the  patient  suffers  from  febrile  disturbance,  followed  by  a 
catarrhal  inflammation  of  the  mucous  membrane  of  the  mouth,  the  salivary  secretion 
is  increased,  and  an  eruption  of  vesicles  appears  upon  the  inner  surface  of  the  lips, 
upon  the  tongue,  and  occasionally  upon  the  palate  and  pharynx ;  at  the  same  time 
the  onset  of  vomiting,  abdominal  pains,  and  diarrhoea  may  indicate  the  implication 
of  the  rest  of  the  alimentary  canal.  The  cutaneous  manifestations  are  less  constant 
and  characteristic  than  in  cattle.  When  present  they  usually  appear  about  the 
fingers  and  hands,  especially  around  the  nails,  in  the  form  of  vesicles,  the  secretion 
of  which  rapidly  dries,  leaving  small  scabs.  The  feet,  breasts,  and  other  parts  of  the 
body  are  seldom  involved. 

The  duration  of  the  disease  does  not  exceed  eight  days  in  ordinary  cases,  but  it 
may  extend  over  a  period  of  three  or  four  weeks.  The  termination  is  almost  in- 
variably favourable,  but  the  case  may  become  complicated  by  severe  inflammation  of 
the  mouth,  tongue,  and  throat,  and  in  young  children  by  irrepressible  diarrhoea. 

Diagnosis.  —The  elements  of  diagnosis  are :  the  association  of  the  buccal 
symptoms  with  the  presence  of  the  eruption  upon  the  hands  or  feet,  and  the 
existence  of  the  disease  amongst  a  number  of  people  supplied  with  milk  from  a 
special  dairy.  Should  such  evidence  be  obtained,  a  strict  investigation  into  the 
condition  of  the  suspected  animals  should  follow.  In  sporadic  cases  the  recognition 
of  the  disease  would  be  by  no  means  easy,  as  in  the  absence  of  the  cutaneous 
eruption,  the  symptoms  could  scarcely  be  distinguished  from  those  of  ordinary 
aphthous  stomatitis.  It  is,  in  fact,  probable  that  many  examples  of  foot  and 
mouth  disease — the  very  existence  of  which,  as  a  human  ailment,  is  scarcely 
known  to  the  greater  part  of  the  profession — have  been  accepted  unhesitatingly  as 
belonging  to  the  commoner  complaint,  and  the  causative  cattle  disease  has  thus 
escaped  detection. 

Treatment. — The  chief  prophylactic,  in  addition  to  official  supervision  of  dailies, 
is  the  habit  of  boiling,  and  so  rendering  harmless,  all  milk  used  in  a  locality  in  which 
the  disease  has  appeared. 

The  curative  treatment  is  that  of  ordinary  stomatitis  (see  Diseases  of  the 
Mouth),  and,  in  addition,  the  replacement  of  suspected  milk  by  milk  of  unquestion- 
able purity  should  of  course  be  ensured.  Mr.  Amyot  ('  Med.  Trans,  and  Gazette,' 
Nov.  1871)  found  the  use  of  sulphurous  acid,  in  doses  of  five  to  twenty  minims  in 
syrup  of  orange  peel  and  water,  both  beneficial  and  grateful. 

William  Anderson. 
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WOUNDS  OF  VESSELS.1 

HEMORRHAGE. 

HEMORRHAGE  from  a  wound  in  which  no  large  vessel  is  implicated  generally 
ceases  spontaneously.  The  flow  of  blood  is  even,  without  any  jerking  motion, 
and  its  colour  is  intermediate  between  that  of  arterial  and  venous  blood.  The  prin- 
cipal circumstances  which  interfere  with  the  spontaneous  cessation  of  haemorrhage 
are  :  a.  the  maintenance  of  a  high  temperature,  as  in  laceration  of  internal  organs  ; 
b.  obstruction  to  the  return  of  blood  to  the  heart,  as  from  position,  or  from  pressure 
improperly  applied  ;  c.  muscular  or  respiratory  efforts,  both  of  which  act  peculiarly 
powerfully  on  the  veins  of  the  head  and  neck  ;  d.  the  vessels  being  enclosed  in  rigid 
tissue  which  prevents  their  collapse,  as  when  the  nutrient  artery  of  a  bone  is  injured ; 
and,  lastly,  diseased  conditions  of  the  vesels.  as  in  haemorrhage  from  varicose  veins 
or  aneurismal  arteries. 

Reserving  the  injuries  of  large  vessels  for  future  consideration,  we  shall  now 
speak  of  the  general  symptoms  of  haemorrhage,  whether  external  or  internal.  They 
are  as  follows.  The  ruddy  tint  of  the  integument  departs ;  the  lips  and  conjunctiva 
appear  blanched  ;  the  withdrawal  of  blood  produces  a  disproportion  between  the 
size  of  the  arteries  and  that  of  the  transmitted  wave,  so  that  the  pulse  is  at  first 
small ;  it  also  increases  in  frequency,  the  heart  labouring  to  make  up  in  rapidity  of 
action  for  the  small  quantity  of  blood  which  it  sends  forth  at  every  beat.  A  feeling 
of  languor,  yawning,  throbbing  of  the  temples,  impressions  of  noises  and  of  light 
come  on  ;  the  surface  loses  warmth ;  and  at  length  the  heart  and  brain  somewhat 
suddenly  cease  from  their  functions,  the  patient  becoming  unconscious  and  falling 
down,  and  the  pulse  being  nearly,  or  for  a  time  completely,  interrupted.  The 
breathing  during  this  syncope  is  very  feeble,  and  performed  only  by  the  diaphragm. 
If  the  flow  of  blood  continue  under  these  circumstances,  the  patient  dies  ;  but  if,  as 
is  far  more  commonly  the  case,  its  issue  should  cease,  rapid  coagulation  takes  place 
at  the  orifice  of  the  vessel,  and  the  plug  thus  formed  prevents  the  immediate  recur- 
rence of  the  bleeding.  An  attack  of  vomiting  often  accompanies  the  return  of  con- 
sciousness. The  heart  resumes  its  function,  at  first  feebly,  and  afterwards  with  fre- 
quency, and  even  with  violence.  The  pulse  is  jerking,  soft,  and  easily  compressible, 
the  wall  of  the  artery  being  soft  and  large,  and  contracting  very  incompletely  after 
the  small  wave  of  blood  has  shot  through  it.  All  the  soft  tissues  of  the  body  lose 
then-  usual  tension  and  plumpness,  and  the  features  of  the  face  are  thinned.  These 
changes  result  partly  from  the  mere  absence  of  the  blood,  as  a  tumour  feels  less  hard 
after  its  removal  from  the  body  than  when  injected  by  a  continuous  current  of 
blood ;  partly  also  they  are  due  to  the  diminution  of  the  fluid  constituents  of  the 
body,  which  have  been  rapidly  absorbed  for  the  purjjose  of  refilling  the  blood-vessels. 
Extreme  or  repeated  haemorrhage,  such  as  occurs  from  the  opening  of  an  artery  or 
from  lacerations  of  internal  organs,  occasions  faintness,  sighing,  restless  tossings, 
with  the  other  symptoms  already  described,  sometimes  amaurosis,  and  at  length 
delirium  or  convulsions.  The  actual  death  may  take  place  suddenly  upon  the 
patient's  assuming  the  erect  posture,  or  lifting  the  hands  above  the  head  ;  or  it  may 
be  gradual  and  preceded  by  insensibility,  with  stertor  and  puffing  of  the  cheeks,  and 
copious  cold  perspirations  of  several  hours'  duration.  The  occurrence  of  death 
during  haemorrhage,  however,  cannot  always  be  ascribed  to  the  quantity  in  which 

1  The  original  article  was  by  the  late  Sir.  Moore.  The  reader  will  understand  that  all 
statements  in  the  first  person  singular  are  by  the  present  editor. 
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the  blood  has  escaped,  since  patients  differ  much  in  their  endurance  of  loss  of  blood. 
Infants  suffer  most  from  this  cause.  One  adult  may  fall  into  syncope  at  the  abstrac- 
tion of  twenty  ounces  of  biood  ;  another,  standing,  with  his  back  towards  a  large 
fire,  will  bear  the  loss  of  more  than  fifty  ounces  before  feeling  faint.  And  in  other 
instances  it  may  happen  that  death  is  not  due  so  much  to  the  quantity  of  blood  lost 
as  to  the  haemorrhage  being  associated  with  terror,  with  other  physical  disease,  or 
with  the  influence  of  a  suicidal  mind. 

The  change  in  the  density  of  the  blood,  which  has  been  described  as  a  result  of 
continued  haemorrhage,  renders  it  unnaturally  liable  to  escape  from  the  blood-vessels. 
In  persons  who  are  suffering  from  haemorrhage  in  one  situation  it  may  accordingly 
happen  that  smaller  extravasations  of  blood  take  place  in  distant  tissues.  Such 
secondary  bleeding  occurs  in  uninjured  parts  of  the  body,  and  in  persons  who  may 
be  assumed  to  be  healthy,  since  it  will  follow  when  the  primary  haemorrhage  has 
been  the  consequence  of  a  wound.  Thus,  ecchymoses  have  been  observed  in  distant 
parts  of  the  body  of  a  patient  who  had  died  of  traumatic  abdominal  haemorrhage. 

External  haemorrhage  is  usually  the  result  of  wound,  and  of  course  in  the  large 
majority  of  such  cases  the  vessels  and  the  blood  are  healthy.  In  some  very  unusual 
cases  blood  has  been  known  to  exude  spontaneously  through  the  unbroken  skin. 
But  the  ordinary  habitual  haemorrhages  are  internal,  most  of  them  from  mucous 
surfaces,  and  they  are  in  the  majority  of  instances  objects  rather  of  medical  than 
surgical  treatment.  The  prevalent  haemorrhage  of  young  persons  is  epistaxis  ;  that 
in  adult  life  is  haemoptysis,  haematemesis,  or  haeinaturia  ;  while  the  commoner  source 
of  bleeding  in  declining  years  is  the  rectum,  and  in  the  aged  the  brain.  This  as- 
signment of  haemorrhage  in  particular  situations  to  separate  periods  of  life  is,  how- 
ever, only  generally  correct.  Children  may  die  of  cerebral  apoplexy,  and  epistaxis 
may  put  life  in  danger  after  fifty  years  of  age.  Some  of  these  forms  of  haemorihage 
depend  only  on  congestion,  or  over-filling  of  the  vessels,  and  are  independent  of  any 
disease,  either  in  the  vessels  themselves,  or  the  tissues  of  the  part,  or  the  blood, 
but  many  of  them  depend  on  ulceration,  malignant  or  otherwise,  of  the  structures  of 
the  part,  or  on  disease  of  the  vessels,  or  on  some  indisposition  (hitherto  unaccounted 
for)  of  the  blood  to  coagulate.  In  some  of  these  cases  of  internal  haemorrhage,  and 
in  rarer  cases  of  external  haemorrhage,  from  ulcers  or  unhealed  wounds,  the  bleeding 
is  periodical,  and  in  both  classes  of  cases  the  haemorrhage  is  sometimes  (though 
rarely)  vicarious  to  menstruation ;  which  in  such  persons  is  either  totally  or  partially 
suppressed,  and  will  recur  on  cessation  of  the  haemorrhage  ;  or  the  haemorrhage  will 
cease  on  the  re-establishment  of  the  menstrual  flow.  But  most  of  these  cases  of 
periodical  haemorrhage  have  no  connection  with  menstruation,  and  in  many  of  them 
the  cause  is  quite  obscure. 

Haemophilia. — This  leads  us  naturally  to  the  consideration  of  the  condition  known 
as  Haemophilia,  or  the  Haemorrhagic  Diathesis — a  diathesis  marked  by  an  unac- 
countable propensity  to  bleed,  sometimes  spontaneously,  sometimes  after  an  injury 
— usually  a  trivial  one.  Oases  of  this  disease  are  occasionally,  though  rarely,  met 
with  in  England  ;  but  it  is  much  more  frequent  in  certain  parts  of  Germany  than  in 
any  other  country.  It  is  usually  hereditary,  and  is  most  commonly  inherited  through 
the  mother,  although  it  affects  males  more  than  females ;  but  it  sometimes  originates 
without  any  known  cause  ;  and  sometimes  appears  to  be  induced  by  poor  living  and 
unhealthy  influences,  disappearing  again  in  more  healthy  conditions.  It  does  not 
select  manifestly  unhealthy  persons,  or  exclusively  affect  any  particular  period  of  life. 
Infants  die  of  it  as  their  navel-string  separates ;  growing  children  and  adults  lose 
enormous  quantities  of  blood  from  it,  and  at  length  may  bleed  to  death.  Some 
persons  survive  till  past  sixty  years  of  age,  and,  though  they  have  bled  severely  at 
various  periods  of  their  lives,  die  at  last  of  disease  unconnected  with  the  haemor- 
rhagic peculiarity  of  their  constitution.  The  diathesis  probably  exists  equally  in  the 
male  and  the  female  children  of  a  family,  although  it  does  not  equally  show  itself; 
for,  while  the  haemorrhages  come  on  early  amongst  the  former,  and  are  fatal  to  them 
in  their  boyhood,  the  girls  mostly  survive  the  age  of  childhood,  and  exhibit  the  dia- 
thesis either  by  themselves  dying  of  some  inordinate  haemorrhage  from  their  gener- 
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ative  organs,  or  by  giving  birth  to  children  who  present  evidences  of  the  same 
diathesis.  Men  having  the  baemorrhagic  tendency,  who  many  healthy  wives,  do  not 
appear  to  convey  the  tendency  to  their  offspring. 

When  the  bleeding  follows  on  a  wound,  this  is  generally  of  a  lacerated  nature, 
and  an  instance  is  on  record  in  which  enlarging  the  wound  by  a  clean  cut  was 
followed  by  a  cessation  of  the  bleeding ;  but  there  are  many  examples  of  fatal 
haemorrhage  from  surgical  wounds.  One  of  the  most  common  injuries  is  tooth  ex- 
traction.1 

There  is  no  obvious  fault  in  the  blood  which  issues  from  a  recent  wound.  It 
coagulates  after  flowing  off,  though  it  does  not  do  so  to  any  effect  in  the  wound 
itself,  and  it  possesses  an  equal  quantity  of  fibrin  in  this  diathesis  with  that  in  the 
blood  of  other  persons.  But  as  the  haemorrhage  continues,  this  character  of  the 
blood  is  lost ;  it  no  longer  coagulates,  it  becomes  thin  and  watery,  and  leaks  forth 
more  readily,  if  not  more  abundantly,  than  ever.  The  importance  of  arresting  the 
bleeding  from  wounds  as  early  as  possible  is  thus  shown,  since  haemostatic  remedies 
become  of  less  and  less  avail  the  longer  the  blood  flows.  In  Blagden's  case  the 
vessels  appeared  to  be  thinner  than  usual,  and  the  carotid  artery  was  slightly  athero- 
matous. 

The  subjects  of  this  peculiar  disease  are  likewise  liable  to  haemorrhages  in  various 
tissues,  to  ecchymoses  on  all  parts  of  the  body,  and  to  the  formation  of  bulla?  on  the 
skin,  which  also  becomes  filled  with  blood.  The  readiness  with  which  blood  oozes 
into  the  tissues  in  these  cases  is  of  no  little  importance  in  a  forensic  point  of  view, 
since  the  appearances  presented  by  a  body  thus  marked  might  lead  to  the  erroneous 
supposition  that  a  very  considerable  and  culpable  amount  of  violence  must  have 
been  inflicted.  Indeed,  the  disease  materially  affects  the  whole  social  relations  of 
the  sufferer.  However  adapted  by  mental  vigour  or  by  physical  strength,  he  is 
entirely  unfitted  by  it  for  any  occupation  which  might  require  him  to  handle  edged 
or  pointed  tools. 

In  early  childhood,  and  sometimes  after  the  full  growth  has  been  attained,  these 
'  bleeders,'  as  they  are  called  in  Germany,  are  prone  to  affections  of  the  joints,  pre- 
senting some  of  the  characters  of  rheumatism.  The  disease  of  the  joints  may  vary 
in  different  individuals  between  mere  pain  and  the  most  considerable  swelling ;  but 
in  many  families  no  individual,  who  has  the  hemorrhagic  diathesis,  fails  to  suffer 
also  from  some  degree  of  the  articular  disease.  Not  unfrequently  pain  will  come  on 
in  a  joint,  particularly  in  spring-time  or  harvest,  and  after  passing  irregularly  from 
one  joint  to  another  will  settle  in  the  knee,  and  be  followed  by  a  painless  enlarge- 
ment of  that  joint,  not  unlike  a  white  swelling.  As  the  joint  enlarges,  some 
habitual  indication  of  the  patient's  diathesis,  piles  or  haemorrhage,  for  instance,  will 
cease,  and  not  recur  so  long  as  the  joint  continues  swollen. 

The  consideration  of  the  treatment  of  this  disease  involves  at  least  two  questions  : 
its  general  management,  with  the  view  of  preventing  the  attacks  of  bleeding  and 
of  obtaining  a  radical  cure,  and  the  propriety  and  means  of  arresting  existing 
haemorrhage.  The  former  question  has  been  especially  studied  by  Wachsmuth,2  who 
wrote  the  first  monograph  on  the  subject.  He  had  the  painful  opportunity  of 
watching  and  treating  the  disease  in  one  of  his  wife's  brothers,  and  two  boys  of  his 
own  family.  Other  relatives  of  his  wife  had  also  died  of  haemorrhage  ;  one  of  them, 
a  girl  of  twenty,  from  the  rupture  of  the  hymen. 

From  the  observations  which  he  made  upon  the  nature  and  progress  of  the  dis- 
ease, he  concluded  that  two  essential  and  congenital  conditions  contributed  to  it — an 
exalted  vitality  of  the  blood,  and  a  delicate  construction  of  the  capillaries.  Many  of 
the  circumstances  of  the  disease  appear  to  support  this  conclusion,  a.  Its  inter- 
mittent character.  /?.  The  strong  action  of  the  arterial  system,  and  the  mental  and 
bodily  excitement,  which  forebode  the  attack,  y.  The  immunity  from  excessive 
haemorrhage,  even  after  wounds,  in  the  intervals  between  the  attacks.    8.  The  rare 

1  See  Blagden's  case,  in  which  Sir  B.  Brodie  tied  the  carotid  artery.  Med.-Chir.  Tram. 
vol.  viii.  p.  2'24. 

2  Die  Bluterkrankheit,  von  Carl  Otto  Tlaeodor  Wachsmuth.    Magdeburg,  1849. 
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occurrence  of  bleedings  in  persons  who  have  some  established  outlet  for  their  super- 
fluous blood,  as  men  with  haemorrhoids,  and  women  during  their  years  of  menstrua- 
tion, e.  The  facility  with  which  bleedings  are  sometimes  prevented  or  arrested  by 
means  which  lower  the  vitality  of  the  blood,  as  spontaneous  diarrhoea,  smart  purging, 
and,  in  one  remarkable  case,  excessive  sexual  indulgence.  £.  The  proneness  of 
'  bleeders '  in  their  earlier  years  to  inflammations  of  the  lungs  ;  of  organs,  that  is  to 
say,  concerned  in  purifying  this  highly  vitalised  blood.  77.  The  readiness  with 
which  ecchymoses  form  under  the  skin  from  very  trifling  pressure  or  injury.  The 
indications  for  general  treatment  follow  from  this  view  of  the  nature  of  the  disease 
— namely,  to  lower  the  exalted  vitality  of  the  blood,  and  to  raise  the  tone  of  the 
capillaries. 

The  mode  of  following  these  indications  may.  perhaps,  he  best  shown  by  Wachsmuth's 
account  of  the  treatment  of  his  eldest  hoy.  One  or  two  traumaxic  haemorrhages  during  the 
first  year  of  his  life  could  only  he  stopped  by  the  actual  cautery.  Spontaneous  bleedings 
afterwards  came  on,  and  put  the  child's  life  in  danger.  '  As  all  the  internal  and  external 
styptics  proved  to  be  of  no  service,  the  thought  occurred  to  me  to  try  an  infusion  of  arnica. 
The  action  of  this  remedy  gave  me  much  satisfaction  ;  it  arrested  the  bleeding  in  the  course 
of  three  or  four  days,  while  without  it  the  blood  would  flow  for  twice  that  period,  and  cease 
only  upon  the  occurrence  of  syncope.  I  had  already  tried  Glauber's  salts,  not  only  on 
account  of  Otto's  recommendation,  but  also  because  I  had  observed  smart  purging  to  stop  the 
bleedings.    My  brother-in-law  used  to  be  much  benefited  by  it ;  but  my  little  boy,  though 

also  relieved  as  to  the  haemorrhage,  was  too  much  exhausted  by  its  use  I  kept  the 

child  mostly  out  of  doors,  had  him  washed  or  bathed  every  day  in  cold  water  ;  ordered  him 
a  light  unirritating  diet,  chiefly  of  animal  food,  and  gave  him  the  carbonate  of  iron  regularly, 
with  the  exception  of  a  pause  every  four  weeks.  I  subsequently  employed  the  cod-liver  oil. 
When  a  considerable  period  had  passed  without  any  hemorrhage  and  the  boy  showed  much 
excitement,  his  face  and  ears  flushed,  &c,  I  gave  him  Glauber's  salts  for  several  days  together 
in  smartly  purging  doses.  For  arresting  haemorrhage,  I  have  long  since  substituted  for 
arnica  the  secale  cornutum  '  in  five-grain  doses  every  half-hour.1 

In  treating  the  spontaneous  bleedings,  it  must  not  be  forgotten  that  they  are  of  a  critical 
nature  ;  and  that  if  arrested  too  soon,  they  are  sometimes  replaced  by  haemorrhage  in  some 
important  organ.  '  A  short  time  ago,  during  my  eldest  boy's  spring  attack  of  haemorrhage,  I 
made  some  experiments  as  to  the  critical  import  of  the  bleeding.  The  preliminary  symptoms 
had  existed  fen-  a  long  time,  and  I  gave  him  only  small  doses  of  Glauber's  salts  during  the 
period  of  a  fortnight.  No  haemorrhage  occurred.  For  the  following  week  I  left  the  child 
free  from  all  medical  treatment.  The  tokens  of  congestion,  which  had  almost  entirely  sub- 
sided, were  now  renewed  ;  still  I  did  not  interfere,  and  after  a  few  days  a  smart  haemorrhage 
took  place.  I  then  gave  the  secale  cornutum,  and  the  bleeding  continued  till  evening.  The 
boy  was  very  restless  in  the  night,  the  orgasm  of  the  blood  became  more  and  more  manifest, 
and  at  noon  of  the  following  dav  the  bleeding  recommenced.  When  it  had  lasted  three  dayrs, 
I  gave  the  ergot  again,  and  the  haemorrhage  ceased.  From  that  time  no  further  excitement 
in  the  vascular  system  recurred,  and  the  boy  remains  well.'  - 

The  haemorrhages  arising  from  wounds  in  these  subjects  do  not  appear  to  yield 
to  the  same  treatment  as  those  which  are  spontaneous.  Glauber's  or  Epsom  salts  do 
not  abruptly  cut  them  short,  and  too  often  the  ordinary  styptic  applications  dis- 
appoint the  surgeon  by  only  arresting  the  flow  of  blood  for  a  time,  or  by  even  failing 
altogether  to  do  so.  The  actual  cautery  is  the  least  uncertain  styptic  in  these  cases. 
Long-continued  pressure  with  lint  steeped  in  perchloride  of  iron  is  the  most  effectual 
means  of  stopping  bleeding  from  the  alveolus  after  the  extraction  of  a  tooth.  The 
other  measures  recommended  for  the  general  treatment  of  haemorrhage  in  this  article 
may  also  be  adopted. 

Treatment  of  hcemorrliage. — The  following  rules  will  be  found  applicable  to  the 
treatment  of  ordinary  haemorrhage. 

In  many  cases  of  moderate  haemorrhage  the  blood  which  has  escaped  and  coagu- 
lated in  the  wound  appears  to  be  a  chief  cause  of  the  continuance  of  the  bleeding; 
and  completely  removing  the  clot  and  exposing  the  bleeding  point  are  speedily 
followed  by  the  cessation  of  the  haemorrhage.  The  importance  of  this  practice  cannot 
be  over-rated  ;  it  is.  applicable  to  almost  all  cases  but  those  of  severe  arterial 
haemorrhage,  and  is  even  successful  in  some  instances  of  arterial  bleeding  from  the 
palm  of  the  hand.     The  exposure  of  the  surface  of  stumps,  and  other  surgical 

1  Lec.  cit.  pp.  10,  11.  -  F.  55. 
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wounds,  to  the  air,  for  some  hours  after  operation,  has  almost  invariably  the  effect 
of  preventing  secondary  haemorrhage.  The  wound  may  be  closed  after  six  or  more 
Lours  by  means  of  sutures,  introduced,  but  not  tied,  at  the  time  of  the  operation. 
It  is  rarely  if  ever  requisite  to  reopen  a  stump  or  wound  so  treated,  and  the  con- 
traction of  the  soft  parts  during  the  exposure  is  very  remarkable. 

The  elevation  of  the  bleeding  part  greatly  influences  haemorrhage,  and  should  be 
attended  to,  whether  the  bleeding  point  be  in  the  pelvis,  the  head,  the  neck,  or  any 
of  the  extremities. 

Cold  applications  to  the  wound  and  adjoining  parts  appear  to  act  in  two  ways  in 
restraining  haemorrhage  :  they  encourage  contraction  of  the  bleeding  vessel  and  cause 
it  to  be  compressed  by  the  shrinking  of  the  soft  parts ;  and  they  also  diminish  the 
quantity  of  the  blood  which  arrives  at  the  bleeding  point.  Ice  is,  accordingly,  a 
valuable  auxiliary  in  the  suppression  of  haemorrhage.  It  maybe  laid  upon  a  wound, 
introduced  into  it,  passed  within  the  rectum,  or  otherwise  applied,  as  suits  the  cir- 
cumstances of  the  case.    A  current  of  air  is  also  very  efficacious. 

Well-applied  pressure  will  stop  great  haemorrhage.  It  should  be  accurately 
directed  upon  the  bleeding  vessel,  and  should,  if  possible,  though  not  necessarily,  be 
made  in  the  wound.  The  first  pad  must  be  small  and  firm,  and  should  be  laid  on 
the  bleeding  orifice  without  any  intervening  clot.  Each  additional  pad  should  be 
larger  than  the  one  beneath  it,  but  need  not  fill  the  wound;  and  the  whole  should 
be  firmly  bandaged.  Care  is  required  to  adjust  the  pressure  upon  the  pads  to  that 
amount  which  shall  be  sufficient  to  stay  the  bleeding,  and  not  occasion  sloughing  of 
the  compressed  parts,  or  of  the  limb  below  them.  The  pressure  of  the  pads  over  a 
wounded  palmar  arch  is  sometimes  effected  by  turning  the  bandage  over  the  two 
ends  of  a  stick  or  yoke,  which  crosses  the  back  of  the  hand.  If  the  tension  of  the 
bandage  be  not  moderate,  the  compressed  soft  parts  at  the  back  of  the  hand  may 
slough.  It  is  sometimes  advisable  to  support  the  distant  parts  of  the  limb,  and  each 
finger  or  toe  separately,  by  bandaging  them  before  compressing  the  pads. 

Medicated  astringents  act  directly  upon  the  flowing  blood.  They  can  be  useful 
only  in  the  wounds  of  vessels  of  moderate  size,  and  when  they  reach  the  blood  as  it 
issues  from  the  orifices  of  the  vessels,  and  cause  it  to  coagulate  into  a  firm  plug.  A 
small  pad  of  lint,  soaked  in  the  oil  of  turpentine,  the  perchloride  of  iron,  Ruspini's 
styptic,  or  the  tincture  or  infusion  of  matico,  should  be  laid  and  held  on  the  bleeding 
point.  Turpentine,  lead,  opium,  gallic  and  tannic  acids,  given  internally,  dispose  the 
whole  mass  of  the  blood  to  coagulate,  and  thereby  assist  to  stop  haemorrhage  froni 
any  particular  point.  The  bleeding  arising  from  the  hemorrhagic  diathesis  is  some- 
times controllable  by  a  few  doses  of  the  oil  turpentine.  A  full  dose  of  crude 
opium  is  often  of  great  service  in  arresting  that  oozing  of  blood  from  a  number  of 
small  vessels  which  is  occasionally  observed  after  a  surgical  operation,  and  which  is 
not  unfrequently  clue  to  inflammation  or  to  drinking  stimulants  just  before  the  per- 
formance of  it. 

Other  modes  of  treating  haemorrhage  arise  out  of  the  circumstances  of  the  case. 
Nitrate  of  silver,  potassa  fusa,  or  the  actual  cautery,  may  be  applied  to  the  bleeding 
point.  A  small  needle  may  be  passed  through  the  skin  across  a  bleeding  leechbite, 
or  umbilicus  of  a  child,  and  the  flow  finally  arrested  by  firmly  applying  a  figure  of  8 
ligature. 

In  the  application  of  a  ligature  upon  an  artery,  the  bleeding  orifice  is  seized  with 
forceps  or  pierced  with  a  tenaculum,  and  the  open  mouth  of  the  vessel  is  tied  above 
the  instrument.  There  is  much  convenience  in  this  procedure  if  the  forceps  are 
made  broad  towards  the  point,  that  the  silk  or  thread  which  is  used  may  not  fix  the 
instrument  in  the  knot.  The  knot  is  tied  as  tightly  as  possible.  Ligatures  are 
made  of  various  materials.  The  one  which  was  long  in  universal  use  was  silk  or 
hempen  thread,  of  a  thickness  corresponding  to  the  size  of  the  artery,  one  end  being 
cut  close  and  the  other  left  hanging  out  of  the  wound — to  come  away,  when  the 
ligature  had  ulcerated  through  the  vessel,  which  takes  from  five  to  fourteen  days 
usually — though  in  some  cases  ligatures  will  remain  fixed  for  an  indefinite  time. 
These  ligatures,  however,  are  now  largely  replaced  by  carbolised  catgut  or  silk  made 
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'  antiseptic,'  by  steeping  in  carbolic  acid,  cut  short  at  both  ends,  and  left  buried  in 
the  tissues.  The  catgut  is  usually  absorbed,  and  offers  no  obstacles  to  the  immediate 
union  of  the  wound.  The  antiseptic  silk  ligatures  may  remain  innocuous  in  the 
wound — may  even  possibly  be  absorbed — but  sometimes  the  little  knots  work  out  of 
the  wound.  For  ligature  of  large  vessels  in  their  continuity,  some  surgeons  still 
prefer  the  old  silk  or  hempen  ligature  ;  but  the  carbolised  catgut  has  also  been  largely 
employed,  and  on  the  whole  with  good  results,  and  various  forms  of  animal  ligature 
are  in  use.    On  this  head,  I  must  refer  the  reader  to  the  article  on  Aneurism. 

A  new  method  of  occluding  arteries  was  devised  by  Sir  J.  Y.  Simpson,  and 
published  by  him  under  the  name  of  Acupressure  in  December  1859,  and  is  still 
occasionally  employed,  but  only  in  exceptional  situations  or  circumstances.  The 
methods  of  acupressure  may  be  described  as  three  in  number.  The  first,  or  that  by 
transfixion',  acts  through  the  elasticity  of  the  textures  which  press  the  needle  against 
the  artery;  in  the  second,  or  acupressure  by  the  twist,  the  transfixed  tissues  are 
further  tightened  by  rotation;  while  in  the  third,  or  method  with  the  loop,  the 
artery  is  compressed  between  the  needle  and  a  slip-knot  of  wire. 

In  the  first  method,  a  pin  or  needle,  after  piercing  the  tissues,  is  brought  out  on 
the  surface  of  the  wound  close  to  one  side  of  the  artery,  is  made  to  cross  over  the 
artery,  and  then,  with  its  head  well  lifted,  is  thrust  again  into  the  tissues  close  to 
the  vessel  on  the  other  side.  A  small  part  of  the  shaft  of  the  needle  is  thus  left  in 
contact  with  the  artery,  and  pressing  against  it  with  a  force  depending  on  the 
elasticity  of  the  textures  raised  at  the  first  and  second  insertions  of  the  needle.  If 
there  be  a  resisting  substance  beneath  the  artery,  the  needle  closes  the  vessel ; 
otherwise  the  acupressure  fails.  Thus  it  is  effective  when  the  needle  is  carried 
through  skin,  which  can  be  stretched  between  the  points  through  which  the  pin  or 
needle  passes,  but  is  useless  among  lax  textures,  which  afford  no  counter-pressure. 
The  pin  must  be  long  enough  for  its  head  to  lie  outside  the  wound ;  if  a  needle  be 
used,  it  must  be  straight,  and  be  threaded  with  wire  for  the  purpose  of  afterwards 
withdrawing  it. 

Acupressure  by  the  twist  differs  from  the  first  method  chiefly  in  an  alteration  of 
direction  given  to  the  needle  between  its  first  and  second  insertions,  whereby  the 
tissues  first  pierced  are  rotated  and  so  stretched.  The  needle  may  be  carried  over 
or  beneath  the  vessel.  Thus,  the  tissues  being  pierced  in  an  upward  direction 
parallel  to  the  artery,  and  the  point  brought  out  on  one  side  of  it,  the  direction  of  the 
needle  is  changed  by  a  right  angle  from  parallel  to  transverse ;  the  point  is  then,  as 
in  the  first  method,  carried  over  the  vessel  and  fixed  on  the  other  side.  The  rotation 
of  the  tissues  lifted  at  the  first  insertion  adds  to  the  pressure  of  the  needle  on  the 
artery  in  proportion  as  they  tend  to  return  to  their  former  place.  Or,  again,  the 
needle,  first  made  to  dip  across  beneath  the  artery,  is  rotated  with  its  point  upward, 
and  lastly  thrust  again  into  the  tissues  in  the  direction  it  takes  when  bleeding  stops. 
This  may  be  at  right  angles,  or  even  opposite,  to  the  direction  in  which  it  was  first 
thrust  into  the  face  of  the  wound.  The  artery  is  thus  not  only  compressed,  but 
itself  included  among  the  rotated  tissues. 

By  the  third  method  the  needle  is  thrust  across  under  the  vessel  on  the  face  of 
the  wound,  and  a  fine  bent  wire,  being  looped  over  its  point,  is  made  to  cross  over 
the  vessel  and  secured  upon  the  shaft  on  the  part  next  the  eye.  Between  the  two 
bearings  of  the  wire  on  the  needle  the  vessel  is  safely  held  by  very  moderate  com- 
pression. After  crossing  the  vessel,  both  ends  of  the  wire  may  be  bent  together 
once  beneath  the  shaft  of  the  needle  ;  or,  one  end  being  carried  on  either  side  of  the 
shaft,  they  may  be  crossed  beneath  it.  In  releasing  the  vessel  from  this  arch  or 
t  unnel  of  wire,  the  needle  must  be  first  withdrawn,  when,  unless  the  ends  have  been 
drawn  with  unnecessary  force,  the  wire  will  lie  loose  in  the  wound,  and  it  may  be 
removed.  The  vessel  must  lie  kept  compressed  for  a  time  corresponding  to  its  size. 
It  is  usual  to  withdraw  the  needles  from  vessels  of  average  size  on  the  day  after  the 
operation,  and  from  such  as  the  superficial  femoral  or  brachial  in  forty-eight  hours. 

The  torsion  of  arteries  is  done  with  clasped  forceps,  having  rather  broad  points. 
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In  free  torsion  the  bleeding  vessel,  being  to  some  extent  cleared  of  adjoining  textures, 
is  seized  longitudinally,  and  the  forceps  clasped  and  rotated.  In  limited  torsion  it  is 
pulled  out  and  held  transversely  by  narrow  clasped  forceps  at  some  distance  from  the 
extremity ;  the  instrument  enclosing  the  lower  end  of  the  artery  is  then  slowly  rotated. 
By  some  surgeons  the  forceps  are  removed  after  four  complete  rotations  ;  by  others  the 
twisting  is  continued  until  the  end  of  the  artery  tears  off.  By  either  method  the 
outer  coat  narrows  without  tearing,  and  its  pressure  cuts  the  two  inner  coats  at  some 
distance  above  the  part  held  by  the  lower  forceps.  The  upper  edges  of  these  coats 
are  reverted  within  the  vessel,  and  the  middle  coat  is  usually  split  more  or  less,  so 
that  the  plug  of  elastic  tissue  furnished  by  the  internal  coats  which  blocks  up  the 
end  of  the  vessel  is  of  various  shape  and  size  in  different  cases.    A  very  common 


Ftg.  21. — Effects  of  free  Torsion 
on  an  Artery  in  the  dead  sub- 
ject.   (After  Bryant.) 


Fig.  22. — Brachial  Artery,  from  a  case  of  amputation  in 
which  haemorrhage  was  arrested  by  torsion.  Death 
occurred  thirty-five  hours  afterwards.  (After  Bryant. ) 


,  twisted  external  coat;  li,  val- 
vular incurvation  of  middle  and 
internal  coats ;  c,  splitting  of 
middle  coat. 


,  tunica  adventitia  ;  a',  twisting  ;  B,  tunica  media  and  interna, 
without  visible  line  of  distinction ;  b',  the  same  at  point  of  torsion, 
ruptured  and  retracted  towards  the  cardiac  end  of  the  artery,  and 
at  b"  towards  the  distal  end,  but  not  so  perfectly  incurved  ;  c, 
clot  ;  c',  between  tunica  media  and  adventitia  at.  point  of  torsion  ; 
C",  in  part  of  artery  beyond  point  of  torsion  ;  i>,  small  artery 
coming  off  above  the  clot— natural  size.  The  arrow  shows  the 
direction  of  the  blood-current. 


appearance  is  that  which  is  shown  in  fig.  21,  taken  from  Mr.  Bryant's  interest- 
ing paper  in  the  fifty-first  volume  of  the  '  Med.-Chir.  Trans.'  The  same  paper  con- 
tains a  still  more  interesting  illustration  of  what  actually  happens  in  the  living 
body,  which  I  am  also  permitted  to  produce  (fig.  22).  As  a  general  rule,  the  twisted 
end  of  the  external  coat  merely  coalesces  into  one  lump  with  the  retracted  internal 
coats,  and  with  the  portion  of  artery  obliterated  by  the  clot,  and  thus  haemor- 
rhage is  effectually  prevented.  It  may,  however,  happen  that  the  twisted  end  of 
the  vessel  drops  off,  and  that  secondary  haemorrhage  takes  place.  This,  however, 
is  extremely  rare. 

Comparison  between  ligature,  acupressure,  and  torsion. — It  may  be  proper  to 
give  my  own  opinion  of  the  value  of  these  three  methods  of  securing  arteries,  though 
I  must  be  understood  in  this  to  be  speaking  only  for  myself.  Acupressure  seems  to 
be  indicated  only  in  such  relations  or  to  such  vessels  as  cannot  be  either  tied  or 
twisted.  Thus  a  vessel  divided  in  the  dense  fascia  of  the  sole  of  the  foot  can  often 
be  easily  secured  by  the  third  method  of  acupressure,  when  it  would  be  difficult  to 
secure  it  otherwise,  or  a  vessel  in  a  mass  of  half-sloughing  tissue,  or  lying  beneath 
the  edge  of  a  flap  in  a  scalp- wound,  can  often  be  treated  with  ease  and  safety  by 
acupressure ;  otherwise  the  plan  seems  to  me  of  little  use.  It  originated  in  an  idea 
of  the  drawbacks  of  the  ligature,  exaggerated  as  applied  to  the  old  forms,  and  utterly 
inapplicable  to  the  new  ligatures,  which,  buried  in  the  tissues,  produce  no  irritation 
or  ulceration,  and  require  no  removal.  Torsion,  again,  appears  to  me  inferior  to  the 
catgut  ligatures.  It  is  true  that  torsion  is  a  perfectly  safe  hamiostatic,  and  the 
surgeons  of  Guy's  Hospital  tell  us  of  hundreds  of  consecutive  amputations  treated 
thus  without  any  secondary  haemorrhage.'  But  the  carbolised  ligature  is  equally 
efficacious,  and  is  more  easily  and  quickly  applied.    Large  vessels  are  easy  to  twist, 
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but  even  the  most  experienced  operator  will  find  that  it  takes  a  long  time  to  close 
all  the  vessels  in  a  large  stump  by  torsion,  when  the  limb  has  been  very  vascular 
(e.ff.  after  diffuse  inflammation,  or  for  rapidly  growing  tumours) ;  and  that  much 
more  handling  of  the  parts  is  required.  For  these  reasons,  while  freely  admitting 
the  feasibility  and  safety  of  torsion,  I  deliberately  prefer  the  ligature,  and  I  believe 
that  the  practice  of  the  majority  of  the  hospitals  in  London  and  the  country  supports 
this  view. 

Transfusion. 

When  a  patient  is  reduced  by  hemorrhage  to  a  state  of  extreme  danger,  experi- 
ence may  justify  the  employment  of  transfusion.  Transfusion  has  also  been  used 
medicinally.  Thus  milk  has  been  injected  into  the  veins  in  a  case  of  haemorrhage  by 
Mi'.  Wagstaffe,  and  in  America  sheep's  blood  has  been  transfused  repeatedly  into 
the  veins  of  phthisical  patients,  but  I  believe  without  real  benefit.  Mons.  Roussel 
lias  proposed  repeated  transfusion  of  healthy  blood  as  a  remedy  in  mental  disorders; 
but  these  ideas  are  hardly  at  present  within  the  range  of  practical  surgery.  Mr. 
Lane,  finding  a  lad  drained  of  nearly  nil  his  blood  and  on  the  verge  of  death,  injected 
into  a  vein  of  his  arm  about  five  ounces  and  a  half  of  blood  freshly  drawn  from  a 
healthy  young  woman.  No  immediate  change  followed  the  injection;  but  in  the 
course  of  an  hour  or  two  the  lad  rallied,  sat  up,  and  drank  water  from  a  cup  which 
he  held  in  his  own  hand.  He  had  also  no  return  of  the  haemorrhage.1  The  name 
of  Dr.  Blundell  is  permanently  associated  with  the  operation  of  transfusion,  in  con- 
sequence of  his  extensive  investigations  in  respect  to  it,  the  orderly  representation  of 
the  facts  which  he  made  in  his  Memoir  on  the  subject,  and  the  systematic  directions 
which  he  gave  for  the  performance  of  the  operation.  His  conclusions  on  the  subject 
are  too  numerous  to  be  given  here  :  the  reader  who  wishes  to  ascertain  them  is 
referred  to  the  Memoir,  which  may  be  found  at  the  end  of  Dr.  Ashwell's  work  on 
'  Parturition.'  The  joints  to  be  observed  in  performing  the  operation  are  as  follows  : 
the  transfusion  should  not  be  delayed  until  the  patient  is  in  articulo  mortis;  nor 
should  it  be  on  that  account  declined  :  human  patients  have  been  rallied  from  that 
state  by  means  of  it,  and  some  animals,  even  after  respiration  has  ceased.  In  great 
emergencies  water  alone  may  be  injected.  If  blood  be  selected,  it  should  be  human 
blood ;  and  it  is  advisable  to  take  it  rather  from  a  man  than  from  a  woman,  the 
former  being  less  likely  to  faint  in  critical  moments. 

There  are  two  methods  of  transfusion — the  direct,  in  which  the  blood  is  passed 
from  the  arm  of  the  blood-giver  to  that  of  the  patient  directly  without  any  exposure 
to  the  air,  and  the  indirect,  in  which  the  blood  is  drawn  into  a  vessel  and  thence 
transferred  into  a  syringe.  The  former  is  far  preferable ;  but  the  latter  must  be 
used  in  many  emergencies  when  the  necessary  apparatus  is  not  at  hand.  Indirect 
transfusion  is  thus  performed  : — 

A  vein  in  the  patient's  arm  is  to  be  fairly  exposed  by  an  incision,  and  opened 
longitudinally  ;  the  arm  is  then  to  be  bound  below  the  incision,  to  prevent  hsernor- 
rhage  from  below.  The  syringe,  having  been  made  warm,  not  hot,  is  to  be  charged 
with  the  blood  furnished  for  transfusion  into  a  tumbler  or  conical  receiver  :  by  ele- 
vating the  nozzle  and  forcing  on  the  piston  all  air  will  necessarily  be  driven  out  of 
the  syringe  ;  and  the  tubule  having  been  inserted  into  the  vein,  '  without  hurry  or 
delay  the  blood  is  to  be  injected  in  an  equable  stream.'  The  capacity  of  the  syringe 
being  known,  and  care  being  taken  to  keep  the  tubule  fairly  within  the  vein,  there 
need  be  no  difficulty  in  determining  the  quantity  of  blood  which  has  entered  the 
circulation.  The  circumstances  of  the  case  must  determine  the  surgeon  as  to  the 
quantity  which  he  will  throw  in  :  some  adults  have  not  been  resuscitated  when  six- 
teen ounces  of  blood  were  injected  ;  Mr.  Lane's  boy  rallied  after  receiving  five 
ounces  and  a  half.  The  state  of  the  blood  should  be  carefully  attended  to  during  its 
flow,  as  it  must  be  cast  away,  and  warm  water  passed  through  the  syringe,  if  any 
sign  of  coagulation  appear.    In  order  to  obviate  the  risk  of  injecting  coagula  into 
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the  venous  circulation,  many  surgeons  in  performing  indirect  transfusion  previously 
defibrinate  the  blood. 

Direct  transfusion  requires  some  apparatus.  The  simplest  is  that  introduced 
into  practice  by  Dr.  Aveling.  It  consists  merely  of  an  india-rubber  tube,  furnished 
at  either  end  with  a  nozzle,  and  swelling  into  a  bulb  in  the  centre.  The  nozzle, 
which  is  to  be  fixed  in  the  vein  of  the  patient,  should  be  bevelled  so  as  to  go  more 
easily  into  the  vessel  in  its  collapsed  condition.  The  apparatus  is  filled  with  water, 
and  when  the  nozzle  B  has  been  fixed  in  the  vein  of  blood-giver  and  A  in  that  of  the 

Fig.  23. — Aveling's  Apparatus  for  immediate  or  direct  Transfusion.  The  more  muscular 
arm  on  the  right  of  the  figure  is  the  blood-giver's ;  the  one  on  the  left  the  patient's. 
The  course  of  the  veins  is  dotted  down,  as  if  the  shin  were  transparent. 


B  represents  the  hand  of  an  assistant  holding  the  efferent  tube  and  the  lips  of  the  small  wound  together,  and  A 
shows  the  afferent  tube  secured  in  the  same  manner.  The  bevelled  end  of  the  afferent  tube,  which  is  made  so  in  order 
that  it  may  the  more  easily  go  into  the  collapsed  vein  of  the  patient,  is  shown  in  Fig.  2.  The  nozzles  having  been 
secured  in  the  two  veins,  the  india-rubber  portion  of  the  apparatus,  filled  with  water,  and  kept  so  by  turning  the 
cocks  at  each  end  of  it,  is  now  fitted  into  the  tubts.  Then  the  cocks  are  turned  and  the  operation  commenced  by 
compressing  the  india-rubber  tube  on  the  efferent  side,  D,  and  squeezing  the  bulb  c.  This  forces  5ij  of  water  into  the 
patient's  vein.  Next,  shift  the  hand  D  to  D',  and  compress  the  tube  on  the  afferent  side.  The  bulb  will  expand  slowly 
and  draw  blood  in  from  the  blood-giver's  vein,  which  is  then  to  be  passed  into  the  patient's  ;  and  by  repeating  this 
manoeuvre  as  often  as  required  any  amount  of  blood  may  be  injected,  so  long  as  the  tube  is  not  clogged  by  coagulum. 
See '  Obstetric  Soc.'s  Trans.,'  vol.  vi.  May  4, 1874. 

patient,  the  stopcocks  are  turned,  and  thenceforth  the  fingers  of  the  assistant  serve 
to  direct  the  stream  of  blood  into  the  arm,  as  explained  in  the  diagram. 

Roussel's  apparatus  is  more  complicated  in  description  and  construction,  but  is 
almost  more  easy  to  work,  if  all  is  in  perfect  order.  Instead  of  opening  the  blood- 
giver's  vein  in  the  same  way  as  that  of  the  patient,  a  kind  of  cupping-glass  is  applied 
around  it  after  it  has  been  made  prominent  by  a  bandage.  This  glass  has  a  cylinder 
in  its  centre  and  in  the  cylinder  is  a  lancet,  which  can  be  protruded  by  pressure 
made  on  a  button  at  the  top,  where  also  is  a  screw  for  regulating  the  extent  of  pro- 
trusion of  the  lancet,  according  to  the  size  of  the  vein.  The  central  cylinder  is  con- 
tinuous with  a  tube,  in  the  centre  of  which  is  an  elastic  bulb.  This  tube  communi- 
cates with  a  vessel  of  warm  water  (6) ;  stopcocks  are  fixed  at  each  end  of  the  tube 
so  as  to  admit  or  shut  off  the  stream  of  water.  The  nozzle  of  the  instrument  having 
been  inserted  into  the  patient's  vein,  the  tube  is  filled  with  warm  water,  the  cupping- 
glass  is  exhausted  and  fixed  to  the  blood-giver's  arm,  the  vein  is  punctured,  and 
blood  mixes  with  the  warm  water  in  the  tube.  The  stopcock  (16)  near  the  patient's 
arm  is  opened,  so  that  at  first  the  water,  and  then  a  mixture  of  water  and  blood, 
runs  out  into  the  air.  When  the  water  has  all  been  expelled  and  the  blood  runs  out 
pure,  the  stopcock  is  closed  and  the  blood  then  directed  into  the  patient's  vein, 
mixed  of  course  at  first  with  the  small  quantity  of  water  which  fills  the  nozzle 
between  the  stopcock  and  the  patient's  vein.  Every  part  of  the  apparatus  with 
which  the  blood  is  in  contact  is  made  of  pure  (non-vulcanised)  india-rubber,  for 
according  to  Mons.  Eoussel's  experience  any  admixture  of  metallic  substances  with 
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the  india-rubber  will  cause  the  blood  to  coagulate.  There  are,  as  will  be  seen,  no 
valves  in  the  part  of  the  apparatus  through  which  the  blood  flows.  I  will  tran- 
scribe Dr.  Roussel's  directions  for  the  use  of  his  instrument. 


Fig.  24. — Roussel's  Apparatus  for  Transfusion. 


1.  Bandage  for  bleeding. 

2.  Arm  which  supplies  the  blood. 

3.  Vein  swollen  for  bleeding. 

5.  Arm  which  receives  the  blood. 

6.  Vessel  containing  water. 

7.  Bell  of  the  aspirator. 

8.  Tap  which  shuts  the  water  off. 

fl.  Round  balloon  to  regulate  the  cupping 


cup. 


10.  External  envelope  of  the  cupping-cup. 

1 1.  Internal  cylinder  in  the  cupping-cup. 

12.  Lancet  inside  the  cylinder. 

13.  Screw  which  regulates  the  lancet. 

14.  Balloon  pump  of  the  transfusor. 

15.  Tap  at  the  bifurcation. 

16.  Cannula  by  which  the  water  escapes. 

17.  Cannula  inserted  into  the  patient's  vein. 


1.  Place  the  cupping-glass  (1 0)  over  the  turgid  vein  of  the  blood  giver;  adjust 
the  lancet  (13) ;  pump  in  tepid  water. 

2.  Introduce  the  cannula  (17)  filled  with  water  into  the  ansemic  vein. 

3.  Depress  the  lancet  rapidly  (13,  12)  into  the  turgid  vein  (3);  shut  off"  the 
water  aspirator  (8);  drive  out  through  the  escape  cannula  (16)  blood  mingled  with 
water. 

4.  Open  the  communication  by  stopcock  (15)  into  anaemic  vein,  and  transfuse 
pure  blood  in  uninterrupted  doses  of  10  grammes  (^  oz.) 

5.  After  the  transfusion  of  the  prescribed  dose  place  a  simple  bandage  round  the 
arm  of  each  subject. 

6.  Wash  the  transfusor  at  once  in  warm  water  before  the  coagulation  of  the 
blood.1 


Wounds  op  Arteries. 

The  state  of  the  integuments  becomes  a  matter  of  greater  importance  in  propor- 
tion to  the  size  of  the  wounded  vessel.  If  there  be  an  external  wound  communicat- 
ing with  an  opening  in  an  artery,  the  result  is  hcemorrhage.  The  blood  equally 
escapes  from  the  artery  if  there  be  no  external  wound,  but  it  is  then  for  a  time  con- 
fined within  the  structures  of  the  part,  and  may  constitute  an  aneurism.  The 
former  condition  is  the  subject  of  the  present  section  ;  the  latter  will  be  treated  of 
in  the  article  on  Aneurism. 

No  parts  of  the  human  body  appear  to  escape  threatened  injury  more  readily 
than  arteries  ;  none  consequently  are  more  difficult  to  wound.  Occupying  the  least 
prominent  situations  in  the  body  and  limbs,  the  principal  arterial  trunks  are  exposed 
to  but  few  of  the  many  accidents  which  might  befall  them ;  and  of  those  injuries 
which  penetrate  to  their  concealed  courses,  many  more  are  averted  by  their  great 
elasticity  or  by  the  firmness  of  the  outer  coat. 

For  these  reasons  wounds  of  large  arteries  are  of  rare  occurrence,  as  compared 
with  those  of  other  soft  parts,  and  with  injuries  of  the  bones.    Indeed,  the  compara- 


1  Roussel,  On  the  Transfusion  of  Human  Blood.    London,  1877. 
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tive  rarity  of  these  accidents,  even  in  the  practice  of  military  surgeons,  is  remarkable, 
only  fifteen  cases  having  occurred  among  the  4,434  wounded  in  the  Crimea.1  The 
fact  is,  doubtless,  partly  to  be  explained  by  the  immediate  fatality  of  the  majority 
of  these  injuries.  Hemorrhage  occasions  many  of  the  deaths  which  occur  on  the 
field  of  battle,  and  keeps  out  of  the  records  of  military  surgery  almost  all  the  in- 
stances of  wounds  of  the  arteries  of  the  trunk. 

In  civil  practice,  the  duration  of  life  after  such  inj  uries  can  be  more  easily  ascer- 
tained. It  depends  on  the  calibre  of  the  artery,  the  size  of  the  opening  into  it,  and  the 
direction  of  the  wound.  If  an  artery  of  the  size  of  the  carotid  or  femoral  be  freely 
cut  across,  death  ensues  in  a  few  minutes.  If  the  bleeding  be  obstructed  by  the 
irregularities  of  the  wound  or  by  a  lodged  foreign  body,  life  may  be  prolonged  for 
a  considerable  period.  Thus  in  the  Hunterian  Museum  (No.  1565a)  is  a  prepara- 
tion showing  a  large  wound  of  the  pericardium,  heart  and  aorta,  in  which  the  man 
lived  for  three  days,  the  wound  having  been  plugged  by  the  bullet  and  a  piece  of 
skin. 

The  injuries  which  require  the  attention  of  the  surgeon  are  almost  exclu- 
sively those  of  the  neck,  the  head,  and  the  extremities.  They  may  be  thus 
arranged  : 

1.  An  artery  may  be  seriously  injured  by  a  violent  blow,  although  it  present 
no  trace  of  laceration  of  any  of  its  coats.  The  only  consequence  of  the  injury  is  a 
narrowing  of  the  calibre  of  the  stricken  part  of  the  vessel ;  but  that  narrowing  is 
permanent,  and  may  seriously  impede  the  current  of  blood  to  distant  parts  of  the 
limb.  It  is  probably  not  sufficient  of  itself  to  occasion  gangrene,  but  it  will  concur 
with  other  injuries,  in  themselves  also  insufficient,  to  produce  that  result. 

'  P.  R.,  aged  21,  was  wounded  on  June  8  by  the  explosion  of  a  shell,  which  produced  a 
lacerated  wound  on  the  inner  ankle  of  the  left  leg,  laid  open  the  joint,  and  exposed,  hut  did 
not  fracture,  the  tibia.  He  also  received  a  second  wound,  by  what  was  supposed  to  have 
been  a  canister  shot,  through  the  upper  part  of  the  thigh  of  the  same  side,  in  the  course  of 
the  vessels,  neither  of  which,  however,  appeared  to  have  been  wounded.  On  June  16,  in- 
cipient gangrene  of  the  foot  had  set  in,  but  the  system  was  but  little  affected  by  it.  The 
limb  was  amputated  immediately  below  the  knee  by  a  small  anterior  and  large  posterior 
flap,  and  the  stump  lightly  dressed.  On  the  18th,  symptoms  of  gangrene  appeared  in  the 
stump,  showing  themselves  first  in  the  posterior,  and  then  extending  to  the  anterior  flap.  On 
the  19th  the  gangrenous  inflammation  showed  some  inclination  to  stop  immediately  below 
the  wound  in  the  thigh  on  the  inner  side,  but  it  had  extended  on  the  outer  too  high  to  allow 
of  anything  short  of  amputation  at  the  hip-joint.  On  the  20th  it  reached  the  walls  of  the 
belly,  and  the  patient  died  at  2  p.m.  on  that  day. 

'  On  a  post-mortem  examination  of  the  body,  the  hall  was  foimd  to  have  passed  through 
the  thigh  internally  to  the  sheath  of  the  femoral  vessels,  which  it  had  grazed  but  not  opened. 
The  artery  at  this  point  was  slightly  contracted  for  about  an  inch  of  its  length,  but  pervious: 
it  contained  no  coagulum,  and  beyond  the  contraction  showed  no  marks  of  inflammation. 
The  vein,  however,  was  not  only  slightly  contracted,  hut  its  internal  surface  was  inflamed  and 
filled  with  partially  organised  lymph,  as  far  upwards  as  the  entrance  of  the  deep  iliac  vein, 
and  downwards  for  about  two  inches  from  the  wound.  Its  course  was  thus  entirely 
sealed.' 2 

The  contractility  of  arteries  exerts  a  most  important  influence  upon  their  injuries, 
as  well  as  on  their  functions.  Not  only  do  these  vessels  adapt  their  calibre  from 
time  to  time  to  the  size  of  the  stream  which  passes  through  them ;  but  under  extra- 
ordinary circumstances  they  nearly  or  even  completely  close.  The  arterial  trunk  in 
an  amputated  limb  may  be  seen  to  have  contracted  to  one-half  of  its  former  area,  if 
examined  a  few  minutes  after  the  operation.  John  Hunter  saw  the  carotid  artery 
of  a  living  ass  diminish  in  size  upon  its  mere  exposure  to  the  air.  The  same  power 
permanently  reduces  the  calibre  of  a  tied  artery  between  the  ligature  and  the  next 
branch  above  it,  and  the  contraction  in  that  case  takes  place,  whether  the  unused 
part  of  the  artery  still  pulsate  with  fluid  blood  or  be  filled  with  coagulum.  The  possible 
rapidity  of  this  contraction  and  its  extent  are  well  seen  at  the  extremity  of  an  artery 
cut  directly  across,  the  stream  of  blood  from  which  gradually  lessens,  and  at  length 
ceases,  as  the  coats  of  the  vessel  approximate  and  close  its  orifice. 

1  Medical  and  Surgical  History  of  the  British  Army  which  served  in  Turkey  and  the 
Crimea  ('  Parliamentary  Blue  Book,'  1858),  vol.  ii.  p.  257. 

2  Ibid.  vol.  ii.  p.  343. 
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These  instances  are  unquestionably  vital  contractions  of  the  artery,  effected  pro- 
bably by  its  middle  coat,  and  are  not  due  to  inflammation.  They  occur  sometimes 
too  rapidly  to  be  attributable  to  that  disease,  and  are  unaccompanied  with  any  other 
indication  of  it.  Moreover,  an  inflamed  artery,  if  altered  at  all  in  its  calibre,  be- 
comes rather  dilated.1  Its  area  might  be  intruded  on  or  compressed  by  inflamma- 
tory products,  but  the  artery  itself  would  not  contract.  Both  conditions,  of  vital 
contraction  and  inflammation,  may,  as  in  the  following  instance,  be  combined  to- 
gether as  results  of  the  same  injury. 

A  ball  passed  between  tlie  popliteal  artery  and  vein  of  a  soldier  without  opening  either, 
and  gangrene  of  the  limb  destroyed  life  on  the  sixteenth  day.  The  vein  was  found  blocked 
with  coagulum.  The  coats  '  of  the  artery  were  not  destroyed  in  substance,  although 
bruised  ;  and  it  was  at  this  spot  much  contracted  in  size,  and  filled  above  and  below  by 
coagula.' a 

In  all  the  remaining  examples  of  injuries  of  arteries,  one  or  more  of  the  coats,  or 
parts  of  the  coats,  of  the  vessels  have  been  found  to  be  divided  :  the  varieties  of  these 
accidents  are  numerous,  and  they  entail  such  various  consequences  that  they  must  be 
separately  related. 

2.  Considerable  violence  sometimes  lacerates  the  inner  coats  of  an  artery,  with- 
out tearing  through  the  stronger  outer  coat.  Neither  in  this  injury,  nor  in  that  last 
described,  is  there  any  haemorrhage  from  the  vessel;  the  consequences  of  the  injury 
develop  themselves,  at  a  later  period  of  the  case,  in  mortification,  or  other  result  of 
a  deficiency  of  arterial  blood  in  the  parts  beyond.  In  the  examples  of  this  injury 
which  have  fallen  under  my  observation,  the  inner  coats  have  been  separated  from 
the  cellular  around  their  whole  circumference  and  for  some  distance  in  their  length, 
and  inverted  within  the  artery  so  as  almost  or  completely  to  block  up  its  lower  and 
uninjured  part.  As  the  lacerated  coats  adhere  by  what  before  inversion  was  their 
lower  margin,  their  separation  from  the  outer  coat  is  probably  not  the  immediate 
effect  of  the  injury,  but  occurs  afterwards  from  the  force  of  the  arterial  cutrent. 

When  this  injury  is  uncomplicated,  it  probably  will  not  lead  to  gangrene.  An 
interesting  exauijjle  of  the  uncomplicated  injury  was  the  following.  A  man  was 
admitted  into  St.  George's  Hospital  under  Mr.  Hewett's  care,  with  a  severe  injury  of 
the  head,  of  which  he  died  in  three  and  a  half  hours.  When  Mr.  Hewett  saw  him,  he 
found  that  the  left  arm  was  pulseless  and  that  the  pulse  ceased  abruptly  at  a  certain 
point  in  the  axilla.  On  post-mortem  examination  the  axillary  artery  was  found  closed 
by  the  inverted  middle  and  inner  coats  and  by  a  clot  for  about  half  an  inch.  It  is  in- 
teresting to  note  that,  when  first  brought  to  the  hospital,  the  pulse  was  felt  in  that  wrist. 
Two  hours  afterwards  it  had  completely  disappeared  (St.  George's  Hospital  Museum, 
Ser.  vi.  No.  95).  There  was  no  injury  to  any  other  organ  in  the  axilla.  Frequently, 
however,  the  accompanying  vein  is  also  injured,  and  then  gangrene  will  probably 
ensue.  Such  a  case  was  the  following  :  A  man  was  admitted  into  the  Middlesex  Hos- 
pital under  Mr.  Moore's  care,  who  survived  a  severe  injury  of  his  thigh  and  incipient 
gangrene  about  fourteen  hours.  Three  inches  of  the  popliteal  artery  and  vein  were 
separated  from  the  other  soft  parts,  and  both  vessels  for  the  same  distance  were 
blocked  with  coagulum.  A  part  of  the  coagulum  adhered  to  the  artery,  and  at  that 
spot  the  internal  coats,  in  their  entire  circumference,  had  been  torn  through,  sepa- 
rated for  three-fourths  of  an  inch  from  the  outer  coat,  and  turned  down  within  the 
lower  part  of  the  vessel,  the  canal  of  which  was  thus  completely  plugged.  The  ex- 
ternal coat  of  the  artery  was  entire,  though  slightly  ecchymosed. 

Division  of  the  two  inner  coats  and  obliteration  of  the  canal  is  the  amount  of 
injury  aimed  at  in  applying  a  ligature  zipon  an  artery.  The  earlier  operations  of 
this  nature  were  attended  with  an  amount  of  violence  to  the  artery,  hardly  less  than 
that  described  in  the  last  case.  The  vessel  was  forcibly  and  extensively  separated 
from  its  sheath,  and  unnecessarily  lacerated  with  clumsy  tapes  and  instruments. 
Modern  surgeons  disconnect  the  artery  as  little  as  possible  from  its  sheath,  tie  it 
with  a  slender  and  firm  ligature,  and  find  the  consequent  mortality  much  reduced. 

1  Rblritansky,  Path.  Anat.  Syd.  Soc.  vol.  iii.  p.  2/54. 

2  Guthrie,  On  Wounds  and  Injuries  of  the  Arteries,  1846,  p.  22,  Case  24. 
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The  following  are  the  conditions  of  failure  and  success  in  the  operation,  so  far  as 
regards  the  artery  and  its  collateral  branches. 

The  ligature,  when  well  applied,  cuts  the  two  inner  coats,  tightly  constricts  the 
outer  coat,  and  stops  the  current  of  blood  along  the  vessel.  Within  a  few  hours 
after  the  operation,  there  forms  above  the  ligature  a  coagulum  of  blood,  which  usually 
fills  the  entire  calibre  of  the  tube,  and  adheres  to  the  lacerated  surface  within  it. 
Being  disturbed  at  its  upper  part,  however,  by  the  arterial  impulse,  which  alternately 
lengthens  and  shortens  the  vessel,  the  coagulum  is  there  less  complete,  and  narrows 
to  a  point.  It  varies  much  in  length,  and  therefore  in  form,  in  different  cases.  It 
may  not  adhere  anywhere,  even  by  its  lower  end.  It  may  not  exist  at  all,  and  is  not 
unfrequently  absent  from  the  portion  of  the  artery  which  is  below  the  ligature.  That 
the  plug  is  not  without  advantage  is  manifest,  since  it  secures  repose  to  the  artery  as 
the  part  which  has  been  tied ;  and  if  the  ligature  be  removed  before  the  consolida- 
tion of  that  part,  the  permanent  plugging  of  the  artery  must  in  great  degree  be  due 
to  the  coagulum.1  That  the  plug,  at  the  same  time,  is  not  indispensable  for  the 
closure  of  the  vessel,  appears  from  that  process  being  sometimes  perfected  without 
one.  Contraction  of  the  artery  also  takes  place,  chiefly  above  the  ligature.  Below 
the  ligature  the  artery  sometimes  presents  neither  contraction  nor  clot. 

The  efficient  process,  by  which  the  artery  is  eventually  closed,  meanwhile  goes  on 
at  the  tied  portion.  The  inflammation  set  up  by  the  operation  and  by  the  presence 
of  the  ligature  occasions  an  effusion  of  plastic  lymph,  which  coheres  within  the  vessel 
with  the  lacerated  coats,  and  externally  accumulates  around  the  artery  and  along  its 


Fig.  25. — The  External  Iliac  Artery,  tied 
seventy-eight  hours  before  death, 
with  catgut.  (After  Porta.)  Natural 
size 


a  a,  the  ends  of  the  catgut  ligature,  which  wag 
coated  by  a  thin  layer  of  lymph.  A  portion  of 
the  sheath  is  shown  external  to  the  ligature  ; 
b,  the  internal  coats  of  the  vessel,  divided  by 
the  catgut  ;  c  c,  clot  filling  the  artery  above 
and  below  the  ligature. 


Fig.  26. — A  portion  of  the  Superficial 
Femoral  Artery  which  had  been  tied 
seven  years  before  death.  (After 
Porta.)    Reduced  size. 


a  a,  ends  of  the  divided  artery :  6,  intermediate 
fibrous  cord ;  c  c,  remains  of  the  coagulum 
which  filled  the  vessel ;  /,  the  only  collateral 
from  the  upper  end  of  the  artery  ;  h,  the  third 
collateral  from  the  lower  end;  g,  a  direct  anas- 
tomosing branch  between  these  collaterals. 


sheath.  Penetrating  also  the  very  substance  of  the  external  coat  next  the  ligature, 
it  unites  that  coat  with  itself  into  one  consolidating  mass.  From  the  outer  side  of 
this  mass  the  vessel  severs  by  ulceration,  or  casts  off  by  sloughing,  the  constricted 
part  of  its  external  coat.  The  separation  of  this  leaves  the  vessel  divided,  yet  with 
each  extremity  firmly  sealed,  even  when  unprotected  above  by  a  conical  clot.  The 
final  changes  in  the  artery  are  the  obliteration  of  its  canal  from  the  closed  extremities 


1  Med.-Chir.  Trans,  vol.  ix.  p.  405. 
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to  the  next  pervious  lateral  branches,  and  the  conversion  of  its  tissue  into  a  fibroid 
cord.  When  an  internal  plug  is  present,  it  probably  takes  part  in  producing  the 
former  of  these  changes,  and  adheres,  by  the  intervention  of  a  new  albuminous 
material  formed  from  the  blood,  with  the  original  lining  membrane  of  the  artery. 
The  contraction  and  final  conversion  of  the  coats  into  a  fibroid  cord  follow  yet  more 
slowly  upon  the  cessation  of  the  function  of  the  artery. 

This  applies  to  the  old  form  of  ligature,  with  a  stout  thread  tied  tightly  and  left 
to  ulcerate  through  the  artery.  The  new  ligatures  of  carbolised  catgut,  or  of  animal 
tissue,  1  are  not  always  tied  so  tightly  as  to  divide  the  two  internal  coats,  and  the 
wound  often  heals  very  rapidly,  and  with  little  evidence  of  inflammation.  In  such 
cases  the  artery  is  sometimes  found  only  very  slightly  obstructed,  as  by  a  small  thin 
diaphragm.  This  was  the  case  in  a  patient  under  my  own  care  eight  weeks  after 
ligature  of  the  right  carotid  and  subclavian  arteries.2  In  another  under  Mr.  Treves's 
care  the  diaphragm  seems  to  have  given  way,  and  a  very  minute  chink  was  formed.3 
In  a  case  under  Mr.  McCarthy's  care,4  '  the  internal  coats  were  incompletely 
divided,  and  here  also  the  artery  was  not  entirely  occluded.  In  such  cases  the 
external  coat  does  not  ulcerate,  and  the  ligature  is  either  absorbed,  encysted,  or  may 
possibly  be  replaced  by  organised  tissue.5 

The  process  of  union  after  ligature  is  liable  to  failure  in  various  ways,  which 
most  commonly  shows  itself  by  haemorrhage  at  the  seat  of  operation  about  the  time 
of  the  separation  of  the  ligature.  There  appear  to  be  three  modes  in  which  hsemor- 
rhage  is  brought  about :  a  partial  or  entire  absence  of  contraction  of  the  artery,  a 
defect  in  the  quantity  or  plastic  character  of  the  lymph,  and  ulceration  of  some  part 
of  the  vessel.  The  first  only  is  of  local  origin  ;  the  last  two  depend  upon  constitu  • 
tional  causes,  or  both  perhaps  upon  the  same  cause.  It  will  be  seen,  by  referring  to  the 
remarks  on  Atheroma  of  the  Arteries,  that  vessels  in  that  condition  are  incapable 
of  contraction.  The  ligatured  part  of  such  an  artery  is  consequently  exposed  to  the 
full  force  of  the  current  of  blood,  and  needs  for  its  security  what  rarely  coincides 
with  such  disease,  viz.  a  very  vigorous  process  of  repair.  When  the  ligature  becomes 
loosened  from  such  an  artery,  the  blood  bursts  through  the  weak  barrier  at  its 
extremity,  and  not  uncommonly  a  fatal  result  follows  the  disaster.  That  the  absence 
of  this  contraction  has  something  to  do  with  the  occurrence  of  haemorrhage  from  a 
tied  artery  is  rendered  further  probable  by  the  fact,  that  both  are  most  frequently 
observed  below  the  ligature.  The  other  causes  of  haemorrhage  appear  to  be  consti- 
tutional. Arteries  may  be  found  in  museums  with  but  a  very  small  and  inadequate 
quantity  of  lymph  about  the  ligature.  It  has  been  formed  in  very  small  quantity, 
or,  having  formed,  has  failed  to  become  organised  and  to  consolidate.  When  the 
ligature  loosens,  the  extremity  of  the  vessel  is  found  to  be  unclosed.  In  some  of 
these  specimens  it  is  difficult  to  be  certain  whether  the  ragged  orifice,  through  which 
the  fatal  htemorrhage  occurred,  was  a  laceration  by  the  force  of  the  blood,  or  an 
ulceration  which,  in  loosening  the  ligature,  also  opened  the  artery. 

The  presence  of  a  clot  may  be  of  importance  in  any  arteiy,  in  the  larger  it  seems  to 
be  almost  indispensable.    Small  arteries  scarcely  ever  bleed  after  ligature,  whereas  in 

1  Such  as  the  ligature  made  from  the  middle  coat  of  the  ox's  aorta  introduced  by  Mr. 
Barwell  (Med.-Chir  Tram.  vol.  lxii.,  Barwell  on  'Aneurism'),  or  those  made  of  the  small 
tendons  of  the  kangaroo  used  by  Mr.  Pollock  (see  Dent,  in  Med.-Chir.  Trans,  vol.  lxiv.  p.  235) 
and  Mr.  Croft. 

2  Holmes,  Principles  and  Practice  of  Surgery,  3rd  ed.  p.  93. 

3  Med.-Chir.  Proceedings,  vol.  ix.  p.  27.  The  condition  of  the  carotid  artery  in  this  case, 
in  which  the  wound  had  been  treated  antiseptic-ally,  and  which  was  only  imperfectly  closed 
by  a  perforated  diaphragm,  is  contrasted  by  Mr.  Treves  with  that  of  the  subclavian,  where 
there  had  been  considerable  suppuration,  and  where  the  artery  was  entirely  obliterated  for  a 
considerable  distance.  He  argues  from  this  that  the  antiseptic  treatment  may  sometimes  he 
too  successful — that  it  may  produce  too  little  injury  to  the  artery  and  too  little  subsequent 
inflammation  to  close  it  completely. 

4  Ibid.  p.  29. 

5  Prof.  Lister  has  long  taught  that  the  carbolised  catgut  ligatures  '  are  organised,'  i.e. 
that  as  they  are  absorbed  organised  tissue  replaces  them  ;  and  Mr.  Dent,  in  the  paper  above 
quoted,  figures  new  vessels  developing  in  the  substance  of  the  tendon-ligature. 
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the  innorninata  the  process  of  repair  has  only  once  been  accomplished,  and  then  after 
severe  haemorrhage.  But  haemorrhage  at  the  seat  of  ligature  does  not  altogether,  or 
chiefly,  arise  from  the  large  calibre  of  the  artery,  it  is  also  in  part  determined  by  the 
proximity  of  collateral  branches  to  the  ligature.  On  comparing  the  common  carotid 
or  external  iliac  arteries,  vessels  which  run  a  long  course  without  giving  off  branches, 
with  arteries  in  the  opposite  condition,  such  as  the  common  femoral,  or  first  part  of 
the  right  subclavian  the  advantage  in  respect  to  secondary  haemorrhage  is  found  to 
be  greatly  on  the  side  of  the  former. 

The  laceration  of  the  inner  coats  of  an  artery,  instead  of  being  repaired,  is  some- 
times followed  by  the  formation  of  an  aneurism.  Possibly  many  aneurisms,  which 
are  attributed  to  previous  injuries,  arise  in  this  manner,  though  the  subsequent 
changes  at  the  part  obscure  their  mode  of  origin.  Though  a  rare,  it  is  an  occasional 
event  after  the  laceration  by  ligature.  Warner,  in  his  'Cases  of  Surgery'  (p.  50), 
mentions  a  remarkable  instance  of  this  occurrence.  An  aneurism  of  the  brachial 
artery  formed  in  the  stump  of  an  arm  which  he  had  amputated  a  few  days  before. 
He  applied  a  ligature  upon  the  vessel  '  above  the  upper  extremity  of  its  distended 
coats,'  and  cured  the  aneurism  ;  but  a  second  aneurism  formed  above  this  ligature. 
A  third  operation  was  followed  by  the  appearance  of  a  third  aneurism  in  the  same 
relation  to  the  ligature,  for  which  he  tied  the  artery  again ;  but  as  on  this  occasion 
he  performed  Hunter's  operation,  not  Anel's,  tying  the  artery  near  to  the  axilla,  he 
succeeded  in  saving  his  patient.  Other  cases  are  also  on  record.  No  doubt,  in 
these  cases  there  existed  a  previous  disease  of  the  coats  of  the  arteries  in  the  situa- 
tions selected  for  the  ligatures. 

The  injuries  of  large  arteries  under  our  present  consideration  are  rarely  un- 
complicated. Most  commonly  the  adjoining  vein  is  wounded  or  bruised  at  the  same 
time  as  the  artery,  and  the  sudden  or  even  the  gradual  stopping  of  its  circulation 
which  ensues,  almost  necessitates  gangrene  of  the  limb.1  Nerves,  as  well  as  other 
soft  parts,  may  also  be  torn  or  bruised,  and  either  numbness  or  painful  exaltation  of 
the  function  of  the  nerves  may  follow  their  inj  ury.  Broca  2  mentions  an  instance  of 
the  latter  kind  as  inflammation  of  a  nerve,  occurring  consecutively  upon  an  opera- 
tion for  tying  an  artery.  The  symptoms  commenced  nineteen  days  after  the  brachial 
had  been  tied  at  five  fingers'  breadth  above  a  traumatic  aneurismai  varix  in  the 
bend  of  the  arm.  The  first  indications  of  the  neuritis  were,  painful  sensations  in 
the  forearm  and  hand,  which  were  succeeded  by  sharp  pains  in  the  three  and  a  half 
fingers  supplied  by  the  median  nerve.  The  pains  were  increased  by  pressure  on  the 
wound,  but  not  on  the  fingers.  They  diminished  in  five  days,  and  were  followed 
by  numbness,  and  at  length  by  almost  complete  loss  of  feeling,  in  precisely  the 
situation  which  had  previously  been  painful.  In  ten  days  more  the  natural  sensi- 
bility had  returned.  Phlebitis  and  fatal  pyaemia  are  more  common  results  of  the 
operation  of  tying  an  artery. 

The  effects  of  obstruction  of  arteries  upon  the  parts  of  the  body  which  they 
supply  with  blood  have  already  been  partly  stated.  Upon  a  sudden  obliteration 
of  the  principal  artery  of  an  extremity,  more  or  less  gangrene  may  ensue.  The 
safety  of  the  limb  in  this  respect  depends  upon  the  re-establishing  of  the  arterial 
circulation  through  the  enlargement  of  the  collateral  channels.  Gangrene  is  a  less 
frequent  result  of  the  obliteration  of  the  artery  in  the  shorter  and  more  vigorously 
nourished  upper  limb  than  in  the  lower.  It  is  also  more  apt  to  occur  when  par- 
ticular portions  of  the  main  artery  are  obstructed.    Thus  a  ligature  or  wound  of  the 

1  At  the  Westminster  Hospital,  twelve  days  after  the  infliction  of  a  punctured  wound  on 
a  man's  thigh,  Mr.  Holthouse  cut  down,  and  found  the  femoral  artery  opened  iu  Hunter's 
canal.  He  tied  both  ends  of  the  vessel.  At  the  same  time  venous  blood  escaped  in  great 
quantity  from  a  large  vein  adjoining  the  artery.  This  haemorrhage  was  arrested  by  plug- 
ging ;  and,  after  the  sloughing  of  a  small  portion  of  skin  on  the  outside  of  the  foot,  the  man 
recovered.  Eight  months  later,  Mr.  Holthouse  found  the  limb  useful,  the  tibial  artery 
beating  on  the  foot,  and  the  internal  and  external  saphena  veins  swollen.  In  the  absence  of 
further  evidence,  this  case  may  be  regarded  as  probably  one  in  which  a  contemporaneous 
obliteration  of  the  femoral  artery  and  vein  was  not  followed  by  gangrene  of  the  limb. — Brit. 
Med.  Journ,  1859,  pp.  364,  954. 

2  Des  Anevrhmes,  p.  479. 
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common  femoral  is  more  often  followed  by  the  death  of  the  leg,  not  only  than  when 
the  same  trunk  is  blocked  up  below  the  origin  of  the  profunda,  but  than  when  the 
external  iliac  is  obstructed.  For  the  collateral  circulation  is  insufficient  to  keep  the 
limb  alive  without  the  aid  of  the  epigastric  and  circumflex  ilii  arteries.  A  similar, 
but  a  less  serious,  deficiency  of  collateral  vessels  is  met  with  at  the  upper  part  of 
the  brachial  artery.  In  all  cases  of  wounds  in  the  neighbourhood  of  large  arteries, 
the  attention  of  the  surgeon  will  of  course  be  directed  to  the  state  of  the  circulation. 
If  the  pulse  have  ceased  beyond  the  injured  part,  the  limb  will  become  cold  and 
pale,  and  care  must  be  given  to  keep  it  warm,  and  to  avoid  all  bandaging  and  mal- 
position by  which  the  establishment  of  the  collateral  circulation  might  be  interfered 
with.  The  appearance  of  heat  and  redness  on  the  integuments  may  be  hailed  as  a 
sign  that  the  blood  is  traversing  the  smaller  vessels  towards  the  distant  parts  of  the 
limb  ;  whilst  increasing  coldness  of  its  surface,  a  mottled  appearance,  delay  in  the 
return  of  blood  to  a  part  which  has  been  emptied  of  it  by  pressure,  slowness  in  the 
refilling  of  superficial  veins  after  the  blood  has  been  carried  along  them  by  the 
finger,  or  in  their  filling  when  compressed  at  the  higher  parts  of  the  limb,  all  indi- 
cate a  languid  state  of  the  circulation  and  imminent  mortification. 

Even  when  the  collateral  circulation  acquires  a  vigour  and  amount  sufficient  to 
ensure  the  life  of  the  limb,  it  is  rarely  the  case  that  the  latter  regains  its  powers  in 
all  respects.  A  limb  in  which  the  principal  artery  is  obliterated  generally  remains 
for  years  in  a  state  of  feebleness  and  impaired  nutrition.  It  is  weaker  and,  unless 
it  be  oedematous,  smaller  than  its  fellow ;  it  is  easily  chilled,  and  may  be  per- 
manently colder  than  natural.  The  sudden  loss  of  the  artery  is  sometimes  never 
repaired  by  the  establishment  of  a  vigorous  collateral  circulation,  and  the  limb, 
though  not  dead,  remains  little  capable  of  muscular  exertion,  emaciated,  cold,  and 
with  its  integuments  dry  and  shrivelled.  But  if  the  smaller  arteries  have  enlarged 
before  the  obliteration  of  the  main  trunk,  as  is  usually  the  case  when  an  aneurism 
has  existed  for  some  weeks  or  months  between  the  ligature  of  the  vessel  leading  to 
it  and  to  the  limb,  the  latter  may  regain  much  of  its  healthy  powers.  Mr.  Moore 
tied  the  superficial  femoral  artery  for  an  aneurism  which  had  been  known  to  exist 
in  the  ham  for  eight  weeks,  and  had  that  morning  burst  into  the  knee-joint.  Thir- 
teen weeks  after  the  operation,  the  man  was  able  to  walk  from  Hampstead  to  the 
Middlesex  Hospital ;  the  log  and  foot  were  oedematous,  and  the  whole  limb,  below 
the  site  of  the  operation,  larger  than  its  fellow.  In  the  lower  limb  of  a  healthy 
man,  in  whom  the  same  artery  had  been  tied  by  Mr.  Quain  nine  years  before,  the 
circulation  was  so  far  re-established  that  the  anterior  tibial  artery  could  be  felt  beat- 
ing on  the  instep.  Yet  the  ankle  was  oedematous,  and  the  posterior  tibial  could  not  be 
felt.  The  whole  limb  was  smaller  and  weaker  than  the  other,  and  liable  to  become 
cold.  The  foot  was  bent  inwards  as  in  slight  club-foot,  and  the  integuments  were 
dry  and  scurfy.1 

3.  There  remains  one  other  mode  in  which  an  artery  has  been  known  to  be 
injured  without  the  entire  division  of  all  its  coats.  It  is  that  in  which  the  vessel  is 
cut  or  torn  through  its  external,  and  more  or  less  of  its  middle  coats,  whilst  a  thin, 
undivided  inner  portion  still  preserves  the  integrity  of  the  canal.  No  haemorrhage 
takes  place  at  the  time  of  such  an  accident.  In  experiments  on  animals,  a  great 
portion  of  the  coats  of  an  artery  may  be  dissected  otf,  and  the  extremely  thin  mem- 
brane which  remains  will  bear,  without  tearing,  the  impulse  of  the  arterial  current 
within,  and  also  firmly  heal  over.2  A  result  so  favourable  does  not,  however, 
follow  the  same  kind  of  injury  in  the  human  subject,  and  it  is  right  to  tie  an  arterial 
trunk  so  wounded  at  the  time  of  the  accident,  though  there  be  no  haemorrhage  to 
indicate  the  necessity  of  so  doing.3 

4.  A  gush  of  blood  issues  from  a  recent  wound.     Bystanders  fly  hither  and 

1  The  varying  conditions  of  the  collateral  circulation  after  ligature  of  the  main  trunk  will 
be  found  treated  of  in  the  article  on  Anetjkism. 

2  Transactions  of  a  Society  for  the  Improvement  of  Medical  and  Chiruryical  Knowledge, 
vol.  i.  p.  144. 

3  Guthrie,  Wounds  and  Injuries  of  Arteries,  184G,  p.  78,  Case  123. 
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thither  for  bandages,  but  leave  the  life-blood  to  escape.  If  a  surgeon  is  at  hand,  he 
instantly  puts  his  finger  on  the  bleeding  point,  and  stops  the  flow.  "Whence  comes 
the  blood  1  From  a  vein  or  an  artery  1  From  a  large  or  small  artery  1  From  a 
wound  of  the  vessel  which  is,  or  is  not,  capable  of  closing  spontaneously  1  How  is 
the  flow  to  be  stopped  ?  Must  the  artery  be  tied?  If  so,  where  may  the  ligature 
be  applied  upon  it  1  Is  one  ligature  sufficient  1  Are  two  enough  1  Further 
questions  arise  as  to  the  best  direction  in  which  incisions  may  be  made,  and  on  other 
proceedings  required  by  the  special  circumstances  of  the  injury,  in  the  operation  of 
tying  the  vessel. 

Both  caution  and  experience  are  necessary  in  estimating  haemorrhage.  All 
persons  are  apt  to  be  misled  by  its  violence  and  rapidity  into  attributing  the  bleeding 
to  a  larger  vessel  than  has  actually  been  wounded  :  it  is  even  possible  for  a  moment 
when  bleeding  has  ceased,  to  mistake  for  present  hemorrhage  the  mere  overflow  of 
blood  which  is  pressed  out  of  a  wound  by  some  movement  or  handling  of  the  injured 
part.  However  abundant  may  be  the  haemorrhage  from  a  vein,  the  colour  and 
steady  current  of  the  blood  at  once  distinguish  it,  and  it  is  readily  controlled.  The 
numberless  small  vessels  of  a  large  recently  cut  surface  bleed  smartly ;  the  even 
current  and  dark  tint  of  the  blood,  however,  cannot  be  confounded  with  its  bright 
colour  and  jetting  flow  when  an  artery  of  considerable  size  has  been  wounded. 
More  difficulty  is  experienced  in  determining  the  source  of  the  bleeding  when  it  is 
clearly  arterial.  That  which  is  relatively  a  large  wound  in  an  artery  of  moderate 
size,  may  furnish  a  haemorrhage  indistinguishable  from  that  of  a  main  trunk  in 
which  a  comparatively  small  opening  has  been  made.  The  perplexity  is  the  greater 
as  the  wound  approaches  the  known  situation  of  a  great  artery.  For  small  arteries 
divided  near  or  at  their  origins  from  large  trunks  bleed  with  a  severity  quite  dispro- 
portioned  to  their  size,  and  wounds  of  them  have  been  mistaken  for  wounds  of  a 
trunk-vessel. 

When  the  surgeon  is  satisfied  that  the  bleeding  from  a  deep  wound  is  arterial,  it 
is  not  indispensable  that  he  should  tie  the  vessel.  The  smaller  arteries  are  much 
more  numerous  than  the  larger,  and,  in  the  great  majority  of  cases,  even  arterial 
haemorrhage  ceases  without  the  application  of  a  ligature.  The  flowing  blood  coagu- 
lates around  and  upon  the  orifice  of  the  vessels,  which  then  heals.  Some  wounds  of 
even  a  large  artery  may  close,  but  it  is  impossible  to  depend  upon  their  doing  so 
spontaneously.  Many  lancet-wounds  of  the  brachial  artery,  for  instance,  heal  under 
pressure.  Mr.  Guthrie  mentions  the  case  of  a  wound  made  by  a  pike  in  the  axillary 
artery  which  healed  without  surgical  interference.  The  life  of  Larrey's  patient, 
Pierre  Cadrieux,  appears  to  have  been  saved  by  the  singular  circumstance,  that  the 
subclavian  vein  was  also  pierced  by  the  lance  which  wounded  the  artery.  The  blood 
from  the  latter  vessel,  when  restrained  from  passing  through  the  external  wound, 
escaped  into  the  vein,  and  was  thus  saved  to  the  system  until  the  wound  healed.1 

It  is  clear  from  daily  experience,  and  is  proved  by  many  published  cases,  that 
haemorrhage,  even  of  an  alarming  character,  may  cease ;  and  the  rule  generally 
followed  amongst  surgeons  in  early  and  doubtful  cases  is  to  employ  graduated  pres 
sure,  cold,  astringents,  or  an  elevated  posture,  as  may  be  most  suitable  in  the  cir- 
cumstances ;  and  to  assist  these  various  direct  means,  when  practicable,  by  the 
addition  of  indirect  compression.  It  may  be  said  that  all  completely  divided  arteries, 
not  being  trunkrvessels,  if  they  are  accessible  to  these  modes  of  treatment,  may  be 
closed.  But  when  bleeding  is  severe,  it  may  be  doubted  whether  such  treatment, 
though  capable  of  effecting  a  cure,  be,  after  aU,  preferable  to  the  ligature;  and,  if 
the  vessel  be  easily  accessible,  few  surgeons  would  hesitate  to  tie  it.  It  is  to  be 
remembered  that  the  bleeding  may  be  renewed,  that  the  soft  parts  which  are  sub- 
jected to  pressure  may  slough,  and  that  by  inflammation  they  will  become  matted 
together,  and  for  a  time,  or  permanently,  useless.  The  consequences  in  the  palm  of 
the  hand,  for  example,  are  serious.  Moreover,  though  the  wound  be  capable  of  spon- 
taneous closure,  the  artery  must  be  obliterated,  so  that  no  advantage  is  gained  to 
compensate  for  the  risk  of  haemorrhage. 

1  Laney,  Clinique  c^irurgicale,  vol.  iii.  p.  139. 
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When  haemorrhage  recurs  after  having  once  ceased,  the  surgeon  will  judge  by  its 
severity,  both  absolutely  and  comparatively  with  the  first  bleeding,  as  to  the  pro- 
priety of  cutting  down  and  tying  the  artery.  The  operation  at  this  period  is  likely 
to  be  more  difficult  than  at  first,  in  consequence  of  the  changes  which  have  mean- 
while occurred  in  the  parts  concerned.  For  the  same  reason,  the  bleeding  is  less 
likely  to  stop  than  it  was  at  first ;  and,  whilst  a  cure  may  possibly  be  obtained,  it  is 
again  better  practice  to  secure  the  vessel  by  operation.  An  incised  wound  entails 
less  mischief  than  one  around  which  the  tissues '  are  consolidated  by  the  action  of 
pressure  and  astringents ;  to  say  nothing  of  the  freedom  from  mental  disquietude 
enjoyed  by  both  patient  and  surgeon,  and  the  security  against  further  loss  of  blood 
afforded  by  the  ligature. 

Hemorrhage  is  sometimes  quite  disproportionate  to  the  size  of  the  bleeding  orifice, 
or  at  any  rate  to  our  estimate  of  its  importance.  It  is  severe  in  persons  who  have 
stiff  arteries  and  a  hypertrophied  heart.  Mr.  Guthrie  mentions  that  he  has,  more  than 
once,  known  the  femoral  artery,  punctured  by  a  tenaculum  in  an  amputation,  to 
bleed  so  uncontrollably  as  to  require  a  ligature.  More  seriously  it  has  happened 
that,  the  power  of  an  artery  to  bleed  having  been  misapprehended,  a  trunk-vessel 
has  been  needlessly  tied,  as  in  Liston's  case,  where  the  external  iliac  artery  was  tied 
for  a  wound  of  a  small  and  superficial  branch  of  the  femoral  artery. 

There  are  certain  wounds  of  arteries  which  are  probably  always  incurable  by 
local  processes  of  repair,  however  aided.  Haemorrhage  cannot  finally  cease  so  long 
as  any  foreign  body  remains  in  the  opening  of  the  artery,  and  a  fatal  result  may 
ensue  upon  the  failure  to  extract  it.  A  fragment  of  tobacco-pipe,  entering  by  the 
mouth,  pierced  the  anterior  pillar  of  the  fauces,  on  the  right  side,  and  lodged. 
Haemorrhage  took  place  at  the  time,  but  stopped  of  itself ;  and  Mr.  Moore  saw  the 
young  man,  six  or  seven  hours  afterwards,  pale,  and  with  one  tonsil  swollen  near  the 
wound.  No  fragment  of  pipe  could  be  seen  or  felt,  or  detected  in  the  wound  with  a 
probe.  A  large  swelling  formed  in  the  upper  half  of  the  neck,  which  on  the  seventh 
day  suddenly  began  to  pulsate,  while  arterial  blood  issued  copiously  from  the  mouth. 
The  carotid  was  tied  below  the  swelling.  The  operation  was  immediately  followed 
by  paralysis  of  the  left  extremities,  and  it  persisted.  On  the  thirteenth  day  after 
the  accident,  bleeding  suddenly  recurred  through  the  mouth,  and  was  immediately 
fatal.  At  the  post-mortem  examination,  the  lower  end  of  the  fragment  of  pipe  was 
found  lying  in  a  hole  at  the  top  of  the  common  carotid,  surrounded  with  buff- 
coloured  lymph,  and  with  a  carotid  branch  on  either  side  of  it.  The  wound  of  the 
vessel  could  not  possibly  have  closed.  Although  the  primitive  carotid  was  filled 
with  clot  from  near  the  wound  down  to  the  ligature,  the  external  and  internal  caro- 
tids were  empty.  There  were  also  several  foetid  abscesses  in  the  right  hemisphere 
of  the  cerebrum.  Mr.  Vincent,  in  publishing  this  case  in  the  twenty-ninth  volume 
of  the  '  Medico-Chirurgical  Transactions,'  remarked  that,  if  the  piece  of  pipe  had  been 
discovered  and  extracted  through  the  mouth,  fatal  haemorrhage  would  in  all  proba- 
bility have  occurred,  as  he  believed  to  have  happened  in  a  previous  and  similar  case. 

Neither  does  an  artery  heal  when  the  wound  in  it,  whether  longitudinal  or 
transverse,  is  an  extensive  one.  When  there  is  a  long  rent  in  an  artery,  or  a 
division  of  it  half  across,  its  retractile  and  contractile  powers  tend  to  keep  open  and 
enlarge  the  wound  both  in  length  and  breadth.  Neither  the  upper  nor  the  lower 
end  of  an  artery  so  wounded  can  completely  contract ;  no  fibrinous  plug  closes  the 
wound  itself ;  and  if  the  artery  be  large,  or  if  it  lie  in  loose  tissues,  which  afford  no 
support  to  the  amount  of  pressure  requisite  for  its  obliteration,  the  bleeding  may  be 
fatal.  The  temporal  artery  thus  wounded  may  be  as  safely  treated  by  a  firm  com- 
press as  by  the  division  of  the  vessels.    The  following  case  was  not  so  manageable. 

A  healthy  woman,  aged  thirty-eight,  broke  a  chamber-vessel  by  her  weight,  and  was 
brought  to  the  Middlesex  Hospital  with  a  bleeding  wound  in  the  nates  of  the  right  side, 
inflicted  by  one  of  the  fragments.1    The  wound  was  situated  by  the  side  of  the  coccyx,  and 


1  The  hesitation  of  the  patient,  and  other  circumstances,  raised  a  suspicion  that  she  had 
been  stabbed.  But  another  person  is  reported  to  have  been  found  dead  from  sudden 
haemorrhage  after  a  similar  accident. 
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passed  deeply  into  the  pelvis.  Arterial  Wood  issued  from  it  at  first  in  considerable  quantity, 
and  then  ceased  to  flow ;  but  it  burst  forth  again  from  time  to  time,  and  the  wound  was  en- 
larged at  both  ends  with  the  object  of  finding  the  vessel.  Nothing  could  be  reached,  how- 
ever, but  a  large  cavity  in  the  pelvis,  from  which  blood  welled  up.  The  wound  was  there- 
fore plugged,  and  blood  ceased  to  flow.  Again,  however,  the  bleeding  returned.  On  the 
eighteenth  day  she  was  greatly  exhausted,  restless,  panting,  pale,  and  pulseless.  While  in 
this  state  she  suddenly  died. 

Post-mortem  examination. — The  wound  opened  within  the  pelvis  into  a  cavity  nearly 
large  enough  to  contain  a  child's  head.  Extravasated  blood  reached  upwards  behind  the 
peritonaeum  to  the  diaphragm  on  the  left  side,  and  to  the  kidney  on  the  right.  The  principal 
branches  of  the  internal  iliac  artery  were  unhurt ;  but  the  internal  pudic,  before  leaving  the 
pelvis,  was  exposed  in  the  cavity,  and  covered  by  some  recently  formed  lymph.  The  vein 
was  cut  completely  across,  the  artery  in  the  same  line  of  incision  was  half  divided.  The 
wound  in  the  artery  gaped  widely,  and  there  was  no  clot  in  any  part  of  the  canal  of  the 
vessel. 

Wounds  of  this  form  in  larger  arteries,  when  left  to  thomselves,  are  more  rapidly 
fatal  :  death  takes  place  before  the  formation  of  any  fibrinous  plug.  The  possibility 
of  the  existence  of  such  a  wound  confirms  the  propriety  of  the  advice  that  the 
ligature  should,  as  a  rule,  be  preferred  to  other  measures  for  arresting  arterial 
hseniorrhage. 

When  an  artery  is  completely  divided,  a  great  difference  in  the,  effects  is  observed 
according  to  the  manner  in  which  the  injury  occurred.  There  is  rarely  any  great 
haemorrhage  from  the  brachial  or  femoral  artery  when  a  limb  is  torn  off  by 
machinery  ;  whilst  when  cut  across,  an  artery  bleeds  most  profusely.  In  the  latter 
case,  the  open  mouth  of  the  artery  pours  forth  blood  until  the  patient  dies,  or  the 
opening  spontaneously  contracts,  or  is  closed  by  an  external  plug ;  in  the  former, 
the  external  coat  is  dragged  out  into  a  long  slender  point,  even  an  inch  or  two 
beyond  the  spot  at  which  the  inner  coats  are  torn.  The  vessel  hangs  out  of  the 
wound,  diminishing  almost  to  a  point,  and  pulsating  to  its  very  extremity.  In  fact, 
it  resembles  in  some  respects  an  artery  closed  by  torsion.  Arteries  completely 
divided  on  the  battlefield  bleed,  or  not,  as  their  injury  apjiroaches  one  or  other  of 
these  forms. 

An  artery  of  moderate  size,  when  completely  divided,  usually  ceases  to  bleed,  and 
no  haemorrhage  is  renewed  from  either  end  of  it.  There  are,  however,  instances  of 
great  importance  on  record,  in  which  such  vessels  by  continuous  bleeding  have 
thrown  out  a  very  great  quantity  of  blood.  Branches  of  the  axillary  artery  some- 
times bleed  thus  largely  into  the  loose  tissues  of  the  axilla ;  and  as  the  enormous 
and  tense  swelling  presents  no  pulsation,  it  might  be  supposed  that  the  injured 
vessel  was  a  vein.1  Mr.  Liston,  however,  has  recorded  an  example  of  such  a  wound 
of  a  small  branch  of  the  common  femoral  artery,  in  which  the  swelling  did  pulsate, 
and  on  account  of  which  he  deemed  it  necessary  to  tie  the  external  iliac  artery.  It 
is  important  to  bear  in  mind  the  possibility  of  formidable  aneurisms  thus  springing 
from  wounded  smaller  arteries,  whilst,  on  the  contrary,  the  lacerations  and  complete 
divisions  of  trunk- vessels  may  not  for  days  be  indicated  by  either  hemorrhage,  aneu- 
rismal  swelling,  or  failure  of  life  in  the  limb. 

It  sometimes  happens  that  the  first  clear  proof  of  the  entire  division  of  an 
arterial  trunk  is  furnished  to  the  surgeon  by  the  occurrence  of  gangrene  in  the  lower 
parts  of  the  limb.  Arterial  pulsation  having  ceased  below  the  wound,  the  mainten- 
ance of  life  in  the  limb  is  dependent  on  the  establishment  of  the  collateral  circula- 
tion. This  fortunate  occurrence  somewhat  rarely  happens  under  such  circumstances, 
and  the  probability  of  it  is  less  in  proportion  to  the  severity  of  the  whole  injury,  and 
to  the  swelling  of  the  limb.  The  gangrene  which  attacks  the  extreme  parts  of  a 
limb,  in  some  instances  creeps  slowly  on,  and  may  stop  :  but  that  in  which  the  higher 
parts  die  early,  extends  with  great  rapidity,  and  is  speedily  fatal. 

5.  The  complete  subcutaneous  laceration  of  an  artery  without  any  wound  of  the 
soft  parts  is  most  common  in  the  popliteal  artery,  though  other  vessels  have  been 
known  to  be  so  injured.    The  injury  usually  occurs  in  a  severe  twist,  as  when  the 


1  J.  Bell,  Surgery,  p.  448. 
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foot  is  caught  in  a  revolving  wheel.  The  neighbouring  vein  is  usually  also  lacerated, 
and  the  posterior  ligament  of  the  joint  not  uncommonly  injured.  The  symptoms  are 
rapidly  increasing  swelling  of  the  limb  from  subfascial  extravasation,  without  bruise 
of  the  integuments,  and  great  fall  of  the  temperature  in  the  foot.  There  is  some- 
times a  bruit  at  the  seat  of  laceration.  No  pulsation  is  to  be  detected  in  the  mass. 
The  pulse  in  the  tibial  arteries  is  most  commonly  lost,  though  in  rare  cases  where 
the  laceration  does  not  extend  through  the  whole  artery  some  pulse  is  perceptible.1 
Gangrene  soon  sets  in. 

The  only  treatment  which  I  have  known  to  succeed  is  amputation,  either  immedi- 
ately after  the  injury,  or  on  the  onset  of  gangrene.  Mr.  Poland2  cut  down  and  tied  the 
lacerated  artery,  but  without  success.  And,  in  fact,  though  the  attempt  is  not  to  be 
censured  even  in  the  case  of  the  popliteal,  and  should  certainly  be  made  in  that  of 
the  brachial  artery,  yet  the  constant  complication  of  injury  to  the  vein  and  the  fre- 
quent implication  of  other  parts  3  render  success  very  improbable. 

TREATMENT  OF  WOUNDED  ARTERIES. 

The  methods  of  treatment  described  in  the  section  on  Hemorrhage  are  sufficient 
to  arrest  most  cases  of  bleeding.  "When,  however,  the  flow  of  blood  is  such  as  to 
require  artificial  obstruction  of  an  artery,  by  ligature  or  otherwise,  various  questions 
arise,  the  answers  to  which  may  be  arranged  in  the  following  rules.  Haemorrhage 
should  be  prevented  during  the  necessary  manipulations  by  the  employment 
of  a  tourniquet,  or  by  compressing  or  even  exposing  the  trunk-vessel  above  the 
wound.4 

1.  Wounded  arteries,  which  do  not  readily  cease  bleeding,  and  which  can  be  con- 
veniently exposed,  should  be  secured  by  ligature  or  torsion.  A  surgeon  need  no 
more  hesitate  to  adopt  this  rule  in  a  case  of  accidental  wound  than  he  would  after 
an  amputation. 

2.  Moderate  haemorrhage  from  an  artery  which  cannot  be  reached  without 
enlarging  the  wound,  should  be  stopped  by  a  graduated  compress.  Compression 
upon  the  arterial  trunk  above  the  wound  may  be  added,  if  it  is  thought  advisable. 
In  the  majority  of  cases  such  haemorrhage  will  not  return. 

3.  Violent  arterial  haemorrhage  requires  the  wound  to  be  enlarged,  and  the  vessel 
secured.  This  rule  is  justified  by  the  necessity  of  the  moment,  and  by  the  possi- 
bility that  a  recurrence  of  such  haemorrhage  might  prove  fatal. 

4.  No  operation  should  be  performed  with  the  object  of  securing  a  wounded 
artery  unless  it  be  actually  bleeding.  On  the  one  hand,  an  operation  has  ceased  to 
be  necessary  ;  and,  on  the  other,  the  operator  is  very  likely  to  fail  in  finding 
the  wound  of  the  vessel  in  the  absence  of  the  only  sure  guide  to  it,  namely,  the 
bleeding. 

This  r  ule  may  never-tireless  be  departed  from  when  the  torn  extremity  of  a  large 
artery  is  seen  or  felt  to  pulsate,  and  its  permanent  closure  by  natural  means  appears 
doubtful.  An  artery  which  has  recently  ceased  to  bleed  may  also  be  cut  down 
rrpon  and  tied  in  certain  emergencies.  Such  practice  may  be  judged  to  be  right 
when  delirium  tremens  supervenes  upon  the  injury,  or  when,  as  in  some  military 
movements,  the  wounded  are  ordered  to  be  transported  to  another  position. 

5.  A  wounded  artery,  when  requiring  a  ligature,  should  be  tied  in  the  place 
where  it  bleeds.  The  reasons  for  this  rule  are  as  follows :  a.  When  the  trunk  is 
tied  higher  up,  the  haemorrhage  may  be  renewed  by  branches  which  pass  off  between 
the  ligature  and  the  wound,  so  soon  as  the  collateral  circulation  is  established.  A 
fibrinous  plug  may  have  formed  in  the  hole  of  the  artery,  yet  if,  as  the  collateral 

1  See  a  paper  by  Mr.  Pick,  in  the  Path.  Soc.  Trans,  vol.  xvii.  p.  74.  In  Rivington's  case 
(Brit.  Med.  Jvurn.,  Jan.  2,  1878)  the  artery  was  incompletely  and  the  vein  completely 
lacerated. 

2  The  case  is  referred  to  in  the  article  on  Aneurism. 

3  Rryant  relates  a  case  in  Path.  Soc.  Trans,  xvii.  Go  where  the  vein  and  posterior  liga- 
ment of  the  knee-joint  were  torn  in  a  case  of  rupture  of  the  popliteal  artery. 

4  Med.-Chir.  Trans,  vol.  xlrii.    Syme,  On  the  Treatment  of  Aneurism. 
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circulation  gains  volume  and  force,  the  plug  do  not,  pari  passu,  consolidate  and 
cohere,  there  conies  a  time  when  the  returning  blood  thrusts  it  away,  and  hremor- 
rhage  is  renewed.  It  is  impossible  in  any  case  to  predict  with  certainty  whether  the 
circulation  will  first  be  re-established,  or  the  wound  in  the  artery  will  first  be 
healed.  A  ligature  on  the  subclavian  will  ordinarily  stop  the  bleeding  from  a 
wounded  axillary  artery.  The  ligature  of  the  external  iliac  will  ordinarily  fail  to  do 
so  when  the  femoral  is  wounded.  Now,  as  the  double  ligature  at  the  wound  secures 
not  only  those  patients  who  may  recover  when  the  trunk-vessel  is  tied  at  a  distance 
above  the  wound,  but  also  those  who  would  die  by  that  procedure,  there  seems  no 
doubt  that,  if  he  can  tie  the  vessel  in  the  wound,  the  surgeon  should  abstain  from 
the  higher  and  easier  operation,  and,  cutting  directly  upon  the  vessel,  should  tie  it 
above  and  below  the  wound,  b.  This  course  is  further  advisable,  since  it  is  some- 
times impossible,  before  finding  the  artery,  to  be  certain  that  the  trunk  is  wounded. 
It  may  be  that  only  a  branch  of  the  main  artery  needs  to  be  tied,  but  the  higher 
operation  necessarily  obliterates  the  arterial  trunk,  c.  In  certain  situations  addi- 
tional danger  to  life  is  incurred  by  the  higher  operation.  Mr.  Liston's  fatal  case  1  is 
an  instance  in  which,  a  small  branch  only  of  the  common  femoral  artery  being 
wounded,  the  external  iliac  was  tied,  anil  the  patient  died  the  next  day  of  peri- 
tonitis. He  would  indeed,  in  all  probability,  have  died  under  any  treatment,  or 
with  none ;  but  it  will  be  observed  that  his  death  arose  from  a  cause  entirely  un- 
connected with  the  original  wound,  d.  If  after  ligature  of  the  trunk  at  a  distance, 
it  should  become  necessary  to  tie  it  again  in  the  wound,  the  probable  issue  of  the 
double  obstruction  to  the  circulation  would  be  gangrene  of  the  extremity ;  and 
amputation,  as  a  third  operation,  would  be  most  frequently  fatal. 

Nevertheless,  since  it  is  sometimes  impracticable  to  tie  the  vessel  in  the  wound, 
the  trunk  should  then  be  secured  at  the  next  convenient  place  above  the  bleeding 
orifice.  No  other  practice  can  be  adopted  in  haemorrhage  into  the  mouth  from  the 
internal  carotid  artery,  or  in  cases  of  external  wounds  which  penetrate  the  floor  of 
the  mouth,  dividing  branches  of  the  external  carotid  in  their  course.  The  ligature 
of  the  common  carotid  in  such  cases  has  proved  successful,  though  that  of  the 
external  carotid  itself  in  the  neck  appears  the  more  reasonable  course,  and  seems  to 
have  been  more  successful,  judging  from  the  few  cases  in  which  it  has  been  known 
to  have  been  practised.2  The  internal  iliac  may  require  to  be  tied  for  wounds  of  its 
branches  within  the  pelvis,  and  the  radial,  ulnar,  or  brachial,  for  some  wounds  of 
the  palmar  arch. 

6.  The  external  wound  should  be  taken  as  the  guide  for  the  incisions.  Muscles, 
and  other  intervening  structures,  the  division  of  which  does  not  endanger  life,  may 
be  cut  into  or  across  in  order  to  reach  the  bleeding  point.  When,  however,  the 
orifice  of  the  wound  is  on  the  opposite  side  of  the  limb  to  the  artery  which  is  pre- 
sumed to  be  the  source  of  the  haemorrhage,  a  probe  may  be  passed  through  the 
wound.  The  incisions  made,  where  its  point  is  felt,  in  the  known  vicinity  of  the 
large  arteries,  will  lead  to  the  bleeding  vessel. 

7.  In  exposing  a  wounded  artery,  the  bleeding  from  which  cannot  be  restrained 
by  pressure  on  the  trunk,  the  greatest  precaution  must  be  taken  against  the  needless 
escape  of  blood.  Cases  are  on  record  in  which  the  haemorrhage  has  proved  instantly 
fatal.  Whatever  incisions  it  may  be  convenient  to  make  through  the  skin  and 
muscles,  it  is  not  at  first  advisable  to  enlarge  the  deeper  part  of  the  wound  itself 
more  than  is  necessary  to  admit  the  finger  to  the  artery.  The  warm  gush  of  blood 
guides  the  finger  to  the  orifice  in  the  vessel,  and  as  soon  as  that  is  compressed,  the 
soft  parts  may  be  divided  at  leisure  to  any  requisite  extent.  John  Bell's  3  descrip- 
tion of  the  operation  by  which  he  secured  a  wounded  gluteal  artery,  and  that  in 
which  Mr.  Syme 4  tied  the  common  carotid,  may  be  contrasted  in  this  respect.  In 

1  Med.-Chir.  Trans,  vol.  xxix.  p.  157. 

2  Cripps,  '  On  the  Treatment  of  Haemorrhage  from  Punctured  Wounds  of  the  Throat  and 
Neck,'  Med.-Chir.  Trans,  lxi.  229. 

3  Principles  of  Surgery,  1826,  vol.  i.  p.  375. 

4  Edinburgh  Medical  Journal,  vol.  iii.  p.  105. 
Vol.  I.  B  B 
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the  former  there  were  long  incisions  and  vast  haemorrhage  ;  in  the  latter,  an  aper- 
ture was  made  only  large  enough  to  admit  the  finger,  which  was  insinuated  into 
the  aneurism  with  the  knife ;  the  hole  in  the  artery  being  felt  for  and  compressed  by 
the  finger  before  the  incision  even  through  the  skin  was  further  enlarged,  there  was 
no  hemorrhage. 

8.  The  artery,  when  found,  should  be  tied  or  twisted  both  above  and  below  the 
wound  in  it.  The  necessity  for  securing  the  lower  end  is  the  greater,  because  it  is  the 
more  frequent  source  of  secondary  bleeding.  When  the  lower  end  of  the  vessel 
cannot  be  found,  a  piece  of  compressed  sponge,  left  in  the  wound,  sometimes  prevents 
subsequent  hemorrhage.  This  plan  has  been  known  to  succeed  when  the  wounded 
artery  was  the  popliteal,  and  to  fail  when  applied  to  the  lower  end  of  the  radial 
artery,  between  the  first  and  second  metacarpal  bones.  For  wounds  of  arteries  near 
their  bifurcation  tbree  ligatures  are  indispensable,  as  either  branch  may  furnish  the 
recurrent  hemorrhage.  The  observation  applies  to  the  common  carotid,  brachial, 
and  popliteal  arteries,  to  the  double  bifurcations  with  which  the  first  inch  of  the 
posterior  tibial  and  ulnar  arteries  is  connected,  and  generally  to  all  cases  in  which 
bleeding  continues  after  the  application  of  two  ligatures. 

9.  It  is  not  advisable  to  apply  a  single  ligature  immediately  below  the  origin  of 
a  large  branch.  Secondary  hemorrhage  does  not,  indeed,  necessarily  take  place,  but 
its  occasional  occurrence  shows  that  the  repair  of  the  vessel  is  uncertain.  The 
propriety  of  avoiding  the  neighbourhood  of  large  collateral  branches,  when  choice  is 
possible,  is  confirmed  by  the  rarity  of  secondary  hemorrhage  after  the  ligature  of  the 
common  carotid  and  external  iliac  arteries,  which  do  not  give  off  collateral  branches. 

10.  Recurrent  hemorrhage,  as  well  as  that  which  happens  upon  the  separation 
of  a  ligature  from  an  artery,  is  to  be  treated  according  to  its  severity  and  the  colour 
of  the  blood.  When  the  blood  is  bright  in  colour  and  flows  with  alternating  impulse 
it  issues  from  the  upj)er  end  of  the  artery.  As  a  general  rule,  the  bleeding  being 
great,  it  would  be  safest  to  tie  the  artery  in  healthy  tissues  between  the  orifice  and 
the  origin  of  the  next  collateral  branch  above  it.  If  that  cannot  be  effected,  ampu- 
tation, if  practicable,  should  be  performed  above  the  bleeding  point.  If  that  be  not 
practicable,  pressure  and  astringents  must  be  employed,  and  aided  by  indirect  com- 
pression or  ligature  of  the  trunk  higher  up,  accordhig  to  circumstances.1  Astringents, 
however,  are  of  little  avail  in  wounds  of  large  arteries  in  the  human  subject.2  Blood 
from  the  lower  end  of  an  artery  approaches  the  colour  of  venous  blood,  and  flows 
without  cardiac  pulsation.  Such  bleeding  can  usually  be  arrested  by  astringents  and 
pressure,  especially  if  care  be  taken  to  apply  them  directly  upon  the  orifice  of  the  vessel. 

11.  There  are  circumstances  in  which  eminent  practical  surgeons  have  deemed  it 
less  perilous  to  remove  a  limb  than  to  search  for  a  wounded  artery  in  it.  The  pro- 
priety of  this  measure  is  sometimes  founded  on  the  exhaustion  of  the  patient  by 
previous  haemorrhage,  sometimes  on  the  state  of  the  limb.  Mr.  Lawrence  amputated 
a  leg  one  month  after  a  wound  of  the  calf,  on  account  of  the  continuance  of  hemor- 
rhage from  the  posterior  tibial  artery  ;  '  the  swollen  state  of  the  limb  and  the  reduced 
condition  of  the  patient '  forbidding  the  attempt  to  secure  the  vessel  in  the  wound.3 
In  a  case  of  compound  fracture,  complicated  with  a  wound  of  the  posterior  tibial 
artery,  the  lower  end  of  the  vessel  went  on  bleeding  for  four  months,  and  the  limb 
was  then  amputated.4  Mr.  Syme  has  published  a  case  of  hemorrhage  from  the 
axillary  artery,  not  cured  by  the  ligature  of  the  subclavian,  in  which  he  amputated 
the  arm  at  the  shoulder-joint.  The  patient  recovered;  but  it  is  open  to  question 
whether  he  would  have  done  so,  if,  instead  of  removing  the  limb,  Mr.  Syme  had  cut 

1  In  the  recurrent  hemorrhage  which  follows  on  the  ligature  of  the  femoral  artery  in  its 
continuity,  Mr.  Harrison  Oripps  has  shown  how  much  larger  a  percentage  of  cases  have  re- 
moved after  pressure  and  bandaging  than  after  ligature  of  the  external  iliac,  after  amputa- 
tion, or  after  re-ligature  of  the  artery.  While,  however,  fully  conceding  this,  we  must 
recollect  that  the  cases  treated  by  pressure  were  probably  the  mildest  (St.  Barf/io/oinew's 
Hasp.  h'c/>.  vol.  x.  p.  U]). 

2  Cesar  Hawkins,  'On  Styptics  in  Hemorrhage  from  Arteries,'  Mcd.-Chir.  Trans,  vol. 
xvii.  p.  121. 

3  Med.-Cliir.  Trans,  vol.  xxix.  p.  52.  i  Allison,  On  Amputations,  p.  '233. 
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off  the  supply  of  blood  to  it  by  tying  the  axillary  artery,  after  having  already  tied 
the  subclavian.  Again,  to  be  in  an  urgent  case  deprived  of  competent  assistance 
must  sometimes  determine  a  prudent  surgeon  to  amputate  rather  than  to  attempt  to 
secure  the  vessel.  See  the  account  of  the  difficulties  attending  the  operation  of  tying 
the  posterior  tibial  artery  in  Mr.  Arnott's  case. 1 

12.  When  it  is  ascertained  that  the  principal  artery  of  a  limb  is  obstructed, 
whether  by  contraction,  partial  laceration,  or  complete  division,  as  well  as  when  a 
ligature  has  been  applied  upon  it,  no  tight  plaster  or  bandage  should  encircle  the 
limb,  no  cold  should  be  applied  to  it ;  but  all  care  must  be  taken  to  preserve  its  life. 
A  flannel  bandage  may  be  rolled  around  it ;  or,  until  an  increase  of  its  temperature 
shows  that  the  collateral  circulation  is  being  established,  it  may  be  long  and  lightly 
chafed  by  the  hands  of  nurses. 

13.  If,  nevertheless,  gangrene  should  come  on,  the  treatment  will  depend  upon 
the  rate  of  its  progress  and  the  state  of  the  patient's  system.  No  delay  in  amputat- 
ing should  be  permitted  when  the  mortification  spreads  rapidly,  with  swelling  of 
the  limb  and  increasing  depression  of  strength.  It  may  be  permitted  to  wait  for  the 
formation  of  the  line  of  demarcation,  when  the  gangrene  commences  at  the  digits, 
and  ascends  slowly  for  days  or  for  weeks. 

A  limb  affected  with  a  rapidly-spreading  gangrene  should  be  amputated  above 
the  affected  parts,  and,  as  a  rule,  at  the  level  of  the  obliteration  of  the  artery. 
When,  however,  the  femoral  artery  and  vein  have  been  divided  by  a  mere  cut  as 
high  as  Poupart's  ligament,  and  mortification  of  the  foot  supervenes,  the  limb  may 
be  removed  at  or  a  little  below  the  knee. 

14.  A  wounded  aneurism,  when  itself  the  result  of  an  injury  of  an  artery,  is  to 
be  treated  as  a  wounded  artery.  The  wound  of  a  spontaueous  aneurism,  in  which 
the  artery  must  be  presumed  to  be  diseased,  is  best  treated  by  the  amputation  of  the 
limb. 

The  subjects  of  traumatic  aneurisms,  arterio-venous  tumours,  and  the  operations 
for  securing  the  several  arteries,  are  treated  in  the  essay  on  Aneurism. 

Wounds  of  Veins. 

No  instance  of  healing  can  be  more  perfect  than  that  of  an  incised  wound  of  a 
vein.  If  made  longitudinally  in  the  course  of  the  vessel,  and  carefully  closed  and 
compressed,  as  is  done  in  ordinary  venesection,  no  trace  of  the  incision  of  the  vein  is 
discoverable  a  few  days  after  the  operation,  even  on  the  smooth  interior  membrane. 
Even  irregular  lacerations  heal  with  readiness,  and  with  little  scar.  No  impetuous 
outburst  of  blood  separates  the  edges  of  the  wound,  as  in  arteries  ;  for  the  weaker 
venous  current  is  very  readily  controllable  by  well  adjusted  pressure,  even  in  very 
large  veins.  It  consequently  happens  much  more  frequently  in  veins  than  in  arteries, 
that  a  wound  is  repaired  without  the  obliteration  of  the  canal  of  the  vessel. 
Surgeons  have  taken  advantage  of  this  circumstance  in  lateral  wounds  of  large  veins, 
as  the  femoral  and  internal  jugular  :  instead  of  encircling  the  whole  vessel  in  a 
ligature,  they  have  raised  and  tied  only  the  edges  of  the  wound  itself.  The  canal  of 
the  vein  has  thus  been  left  open,  and  only  narrowed  according  to  the  extent  of  the 
calibre  of  the  vessel  which  has  been  included  in  the  ligature.  Such  wounds  usually 
heal,  but  sometimes  a  vein  thus  treated  becomes  lined  with  lymph,  and  the  patient 
dies  pyasmic.  It  is  therefore  preferable  to  plug  the  wound,  and  even  for  a  few  hours 
to  reduce  the  circulation  by  acupressure  of  the  vein  or  of  the  adjoining  artery  in  the 
wound. 

Veins  possess  a  power  of  contraction,  and  when  divided  in  amputation,  they  may 
be  seen  after  a  time  to  have  diminished  a  little  in  calibre.  But  this  power  is  very 
feeble  and  slow  in  exercise,  and  renders  these  vessels  quite  incapable  of  arresting 
haemorrhage,  either  in  the  onward  or  retrograde  direction  of  the  venous  current. 
Pressure,  however,  will  readily  control  the  bleeding  of  even  large  veins,  and  the 

1  Med.-Chir.  Trans,  vol.  xxix.  p.  46. 
b  b  2 
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freedom  of  their  collateral  communications  lessens  the  force  of  the  stream  which 
issues  from  them.  Pressure  is  also  usually  sufficient  to  arrest  the  bleeding  from  the 
largest  veins  divided  in  amputations;  though  occasionally,  when  the  loss  of  blood 
may  seriously  affect  the  issue  of  the  case,  it  is  wisest  to  tie  them. 

Some  examples  of  spontaneous  rupture  of  veins  are  on  record.  When  greatly 
distended,  they  burst.  Veins  of  the  internal  organs  have  sometimes  been  thus  rup- 
tured during  the  cold  stage  of  an  ague. 

ON  THE  ENTRANCE  OF  AIR  INTO  WOUNDED  VEINS. 

A  most  startling  occurrence  has  occasionally  happened  during  certain  surgical 
operations.  Whilst  everything  has  boen  proceeding  with  perfect  regularity  and 
success,  the  sudden  onset  of  most  alarming  symptoms,  or  instantaneous  death,  has 
unexpectedly  arrested  the  operation.  The  accident  is  happily  a  rare  one,  and  has 
become  much  rarer  since  the  crying  and  struggling  which  used  to  attend  surgical 
operations  have  been  abolished  by  anaesthetics,  but  it  has  been  observed  sufficiently 
often  to  allow  of  our  arriving  at  some  conclusions  with  regard  to  it.  In  all  the  cases 
the  operation  which  has  been  interrupted  by  this  disastrous  occurrence  has  been  on 
the  neck  or  the  axilla  :  in  all  a  sound  of  hissing,  whistling,  or  gurgling,  has  been 
heard  by  the  bystanders,  and  this  has  been  followed  in  not  a  few  instances  by  death. 
In  those  cases  in  which  the  peculiar  noise  was  not  followed  by  instant  death,  symp- 
toms of  a  dangerous  character  immediately  supervened,  for  which  nothing  in  the 
previous  state  of  the  patient  could  have  prepared  an  observer.  Both  results  probably 
spring  from  the  one  accident  of  air  entering  the  heart,  the  difference  in  the  two  cases 
arising  from  the  quantity  of  air  admitted,  a  large  quantity  extinguishing  life  at  once, 
a  smaller  quantity  causing  the  violent  but  not  fatal  symptoms.  A  sound  is  some- 
times heard  in  an  operation  corresponding  to  that  described  as  accompanying  the 
entrance  of  air  into  a  vein;  but  it  is  not  followed  by  any  symptoms.  It  may  occur 
on  opening  the  fascia  of  the  axilla,  or  any  space  similarly  protected  from  atmospheric 
pressure. 

It  has  long'  been  known  to  veterinary  practitioners  that  the  presence  of  a  considerable 
mass  of  air  in  the  veins  of  animals  proves  fatal,  and  the  practice  of  killing  horses  by  means 
of  the  injection  of  air  is  still  sometimes  adopted.  The  fatal  quantity  is  well  known,  being 
about  thrice  that  which  can  be  blown  at  one  expiration  from  the  lungs  of  a  healthy  man. 

The  following  typical  cases  are  selected  out  of  numerous  instances  of  this  acci- 
dent : — ■ 

On  November  22,  1822,  Dupuytren  excised,  without  difficulty  or  haemorrhage,  a  tumour 
from  the  posterior  and  lateral  part  of  the  neck  of  a  healthy  young  woman.  As  an  assistant 
was  raising  the  tumour,  and  the  operator  was  separating  its  last  attachments,  a  prolonged 
noise  {soujffletnent prolong^)  was  heard  in  the  wound,  like  that  of  air  rushing  into  an  ex- 
hausted receiver.  '  If  it  were  not  that  I  am  far  from  the  air-tubes,'  said  Dupuytren,  '  I 
should  have  supposed  we  had  opened  them.'  The  words  were  hardly  spoken  when  the  girl 
exclaimed,  '  Je  suis  morte  ; '  she  trembled  and  fell  dead. 

'  The  right  auricle  was  distended  like  a  bladder  with  air,  which  rushed  out,  unmixed  with 
blood,  when  the  auricle  was  opened.  Blood  and  great  quantities  of  air  were  found  in  all  the 
vessels,  and  fluid  blood  in  the  other  cavities  of  the  heart.  There  was  no  unnatural  appear- 
ance in  any  other  part  of  the  body.; 

In  the  Med.  Chir.  Tram,  vol  xxvii.  Mr.  Bransby  B.  Cooper  described  a  case  which  did  not 
prove  fatal,  After  removing  the  limb  at  the  shoulder-joint,  and  securing  the  vessels,  '  I  pro- 
ceeded,' he  writes,  '  to  remove  a  gland  from  the  axilla,  and  while  dissecting  it  from  its  cellular 
attachments,  I  distinctly  heard  a  peculiar  gurgling  noise,  like  air  escaping  with  fluid  from  a 
narrow-necked  bottle,  and  at  the  same  instant  the  patient  fell  into  a  state  of  collapse, 
threatening  immediate  dissolution  ;  the  countenance  was  deadly  pale,  the  pupils  fixed,  and 
inobedient  to  light ;  the  pulse  quite  small  and  fluttering,  although  at  intervals  regular ; 
the  respiration  hurried  and  feeble,  and,  at  irregular  intervals,  attended  with  a  deep  sigh.' 
She  uttered  a  continual  whining  cry,  and  maintained  a  constant  motion  of  alternate  flexion 
and  extension  of  the  right  leg,  while  the  left  remained  perfectly  quiescent.  Symptoms  of 
groat  prostration  continued  for  several  days,  but  she  eventually  recovered  from  the  operation. 
She  still  dragged  the  left  leg  in  walking  when  discharged  from  the  hospital,  six  weeks  after 
the  operation. 

With  these  cases,  the  following  one  may  be  classed,  as  the  death  in  it  appears  to  have 
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originated  from  a  similar  cause,  although  not  in  similar  circumstances.  A  private  soldier, 
ret.  20,  was  wounded  near  the  left  knee-joint  ou  June  18,  1855.  On  September  21  amputa- 
tion was  performed  immediately  above  the  knee,  and  the  dressings  were  removed  on  the 
28rd.  At  one  spot,  towards  the  inner  portion  of  the  stump,  and  near  to  one  of  the  sutures, 
a  small  portion  of  the  integument  looked  likely  to  slough.  On  the  following  day,  the  24th, 
the  stump  looked  better,  but  healthy  suppuration  had  not  been  set  up,  and  tbe  discharge  was 
thin,  watery,  copious,  and  slightly  foetid.  He  was  quite  comfortable  and  in  good  spirits. 
The  stump  was  dressed  with  water-dressing  and  oiled  silk.  '  To  our  great  surprise  he  died 
suddenly  in  the  night.'  He  had  been  talking  and  comfortable  at  eleven  at  night,  and  at  one 
in  the  morning  he  was  found  by  the  orderly  quite  dead  and  nearly  cold.  A  wounded  ser- 
geant in  the  next  bed  was  unconscious  of  his  death,  so  quietly  had  it  taken  place. 

'On  examination,  twelve  hours  after  death,  the  lungs  were  found  healthy,  but  somewhat 
ansemic.  The  right  auricle  was  full  to  distension  of  bright  red  froth  (air  mixed  with  blood), 
as  was  also  the  right  ventricle,  but  the  comparative  quantity  of  air  was  less  in  the  latter  than 
in  the  former  ;  the  heart  was  otherwise  quite  healthy.  The  ascending  cava  was  full  of  the 
same  kind  of  frothy  blood,  of  a  bright  scarlet  colour,  and  distended  by  it,  so  that  it  felt  like 
a  portion  of  small  intestine  before  it  was  cut  into.  This  appearance  extended  as  low  as  the 
junction  of  the  two  common  iliac  veins,  but  not  lower.  The  surface  of  the  stump  had  a 
grayish,  sloughy,  unhealthy  look ;  there  was  no  attempt  at  union  except  at  one  or  two 
points  of  the  integuments,  and  the  surfaces  were  separated  to  some  extent  by  gaseous  pro- 
ducts, having  a  foetid  odour,  the  smell  of  which  was,  however,  that  of  decomposition  rather 
than  the  peculiar  odour  of  gangrene,  and  they  were  smeared  with  dirty-looking  sanio-pus. 
The  periosteum  was  stripped  from  the  femur  as  high  as  the  intertrochanteric  line,  except  at 
the  linea-aspera,  and  both  bone  and  membrane  smeared  with  the  same  secretion.  There  was 
no  attempt  at  closure  of  the  femoral  vein,  which  lay  quite  open  on  the  face  of  the  stump,  but 
its  extremity  was  not  sloughing.' 1 

The  following  considerations  explain  the  entrance  of  air  into  large  veins  : 
1.  Upon  the  expansion  of  the  chest  in  inspiration,  an  instant  rush  of  atmospheric 
air  takes  place  in  all  directions  towards  the  thoracic  cavity.  The  walls  and  floor  of  the 
chest  support  the  weight  of  the  atmosphere,  and  are  not  pressed  in,  but  all  the  parts 
above  the  clavicles  and  sternum  yield  to  it  more  or  less.  So  far  as  the  muscles 
and  their  fascire  allow,  the  soft  parts  at  the  root  of  the  neck  are  forced  in  towards 
the  chest ;  but  the  vacant  space  in  the  thorax  is  chiefly  filled  by  air  and  venous 
blood,  to  which  we  may  add  the  contents  of  the  cervical  portion  of  the  thoracic  duct, 
of  which  however  no  further  notice  need  be  taken  here.  Air  promptly  enters  by  the 
open  trachea,  and  distends  the  lungs.  If  the  pleura  were  opened,  it  would  rush  in 
there,  and  has  been  known  to  do  so  with  a  whistling  noise  in  the  operation  of  liga- 
ture of  the  subclavian  artery.  The  veins  of  the  neck,  which  during  expiration  have 
gradually  enlarged  from  below  upwards,  become  empty  and  invisible  with  amazing 
celerity  at  the  instant  when  the  lifting  of  the  chest  leaves  them  unsupported  under 
the  weight  of  the  atmosphere.  The  same  weight  may  act  upon  parts  more  distant 
from  the  thorax  than  the  neck.  Mr.  De  Morgan  once  saw  a  greatly  dilated  saphena 
vein  in  the  groin  emptied  by  a  few  vigorous  inspirations.  This  could  happen  from 
no  other  force  than  the  pressure  of  the  atmosphere  upon  it.  If  now  a  vein  in  the 
neck  or  axilla  be  held  open  during  inspiration,  the  air  must  rush  along  it  into  the 
chest  in  precisely  the  same  manner  and  for  the  same  reason  that  at  the  same  moment 
it  is  rushing  down  the  trachea.  It,  however,  passes  into  the  right  side  of  the  heart 
instead  of  into  the  lungs. 

The  mode  in  which  death  results  from  the  presence  of  air  in  the  heart  is  still  a 
subject  of  speculation.  It  is  clear  that  a  small  quantity  is  not  enough  to  prove 
fatal.  In  the  examination  of  the  bodies  of  persons  who  have  died  after  the  accidental 
entrance  of  air  into  the  heart,  the  largest  quantity  of  air  is  always  found  in  the  right 
side  of  the  heart.  The  most  sudden  deaths  occur  when  the  most  air  and  the  least 
blood  are  discovered  in  the  right  auricle  and  ventricle,  and  when  the  two  fluids  are 
least  intermixed.  In  the  same  instances  the  lungs  are  found  pale,  and  the  left  side 
of  the  heart  contains  but  little  blood,  while  the  systemic  veins  are  full.  The  appear- 
ances somewhat  differ  from  this  when  life  has  been  prolonged  after  the  moment  of  the 
accident :  the  blood  and  air  are  then  found  frothy,  and  this  froth  is  found,  not  only 
in  the  right  heart  and  systemic  veins,  but  also  in  the  pulmonary  arteries  and  their 

1  Medical  and  Surgical  History  of  the  British  Army  in  Turkey  and  the  Ci-imea,  vol.  ii. 
p.  277. 
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branches ;  there  may  even  be  air  in  the  left  side  of  the  heart  and  the  systemic 
arteries.  The  proportion  of  blood  found  in  the  systemic  veins  being  still  in  excess 
over  that  in  the  lungs  and  arteries,  the  fact  of  the  circulation  being  arrested  in  the 
right  chambers  of  the  heart  is  again  established. 

How  does  this  arrest  take  place  1  Upon  a  right  perception  of  this  depends  that 
of  the  whole  mechanism  of  the  accident,  as  well  as  of  nearly  all  the  treatment  it 
admits  of.  When  air  enters  the  right  ventricle,  and  the  ventricle  contracts,  a  part 
only  of  its  contents  passes  into  the  pulmonary  artery ;  the  remainder  regurgitates 
into  the  auricle.  For  the  wet  tricuspid  valve  is  not  raised  from  the  wall  of  the 
ventricle  by  so  thin  a  fluid  as  air,  and  consequently  does  not  close  the  auriculo-ventri- 
cular  opening.  In  subsequent  dilatations  of  the  ventricle,  additional  air  enters  it 
from  the  auricle,  and  either  is  forced  by  the  S}^stole,  or  floats  into  the  pulmonary 
artery.  That  which  first  occurred  with  the  tricuspid  valves  now  happens  to  the 
pulmonary — they  stick  to  the  wall  of  the  artery  and  are  useless.  The  ventricle,  thus 
deprived  of  all  assistance  from  the  valves,  communicates,  both  in  its  systole  and 
diastole,  with  both  its  orifices,  and  draws  in  from,  and  restores  to,  both  artery  and 
auricle  the  contents  of  both.  The  blood  and  air  advancing  and  regurgitating  thus  at 
both  the  orifices  of  the  ventricle,  the  circulation  is  nearly  at  a  stand. 1 

In  the  way  of  prevention  of  this  distressing  accident,  the  surgeon  must  be  ob- 
servant of  the  danger,  and  close  instantly  the  mouth  of  any  vessel  which  may  be 
opened  in  localities  known  to  be  liable  to  it.  He  may  appoint  an  assistant  to  com- 
press the  vessels  between  the  site  of  his  operation  and  the  thorax,  or  to  compress 
and  close  the  veins  both  on  the  proximal  and  distal  side  of  the  wound.  They  will 
thus  be  kept  both  empty  and  motionless.  He  should  avoid  forcibly  lifting  a  tumour 
from  its  bed,  or  suddenly  raising  the  shoulder,  a  movement  which  might  open  the 
wound  of  a  vein  in  certain  situations,  and  permit  the  ingress  of  air  into  it. 

Should  air  have  entered  a  vein  in  sufficient  quantity  to  embarrass  the  heart,  the 
treatment  must  depend  upon  the  symptoms.  In  those  cases  which  do  not  speedily 
present  the  appearance  of  imminent  death,  it  may  be  assumed  that  only  a  small 
quantity  of  air  has  reached  the  heart ;  that  organ  must  therefore  be  aided  in  gradu- 
ally forcing  the  air  along  the  pulmonary  artery.  Such  a  case  should  be  treated  (1) 
by  placing  the  patient  in  the  supine  posture,  with  the  head  low  and  the  feet  high ; 
(2)  by  chafing  the  limbs  in  a  direction  towards  the  heart ;  and  (3)  by  the  adminis- 
tration of  stimulants.  Strong  ammonia  should  be  held  near  the  nostrils,  and 
brandy  should  be  introduced  either  into  the  stomach  or  rectum.  If  the  heart 
should  lose  instead  of  gaining  power,  shocks  from  the  galvanic  battery  should  be 
passed  across  the  chest. 

When  the  quantity  of  air  in  the  heart  is  so  great  as  to  occasion  sudden  syncope, 
the  circulation  is  almost  or  completely  stopped,  and  the  patients  are  described  as 
dead.  As,  however,  in  apparent  death  from  drowning,  resuscitation  may  be  possible, 
although  all  signs  of  animation  have  disappeared,  it  will  be  right  to  attempt  to 
restore  the  patient  even  in  such  desperate  circumstances.  The  difficulty  being  as 
before,  the  inaction  of  the  valves,  the  principle  of  the  treatment  is  the  same,  but  the 
mode  of  carrying  it  out  is  different.  Chafing  or  elevation  of  the  limbs  will  not  force 
the  venous  blood  into  the  right  side  of  the  heart,  which  is  already  full  of  air.  With 
the  need  of  a  denser  fluid  than  air,  there  is  also  distension  of  the  right  chamber  to  be 
met,  which  prevents  the  contraction  of  the  ventricle.  It  is  necessary  to  relieve  the 
heart  of  the  air  which  burdens  it,  as  well  as  to  restore  to  it  a  fluid  in  which  its 
valves  can  act.  It  might  be  possible,  by  closing  the  mouth  and  nostrils  while 
making  a  few  thoracic  movements  of  artificial  respiration,  to  expel  the  air  from  the 
heat-t  through  the  vein  by  which  it  entered.  And  it  has  been  suggested  to  suck  out 
the  air  by  a  pipe  passed  into  the  heart  through  a  vein  in  the  neck.    The  only  re- 

1  Mr.  Erichsen  {Edinburgh  Medical  and  Surgical  Journal,  No.  158,  p.  14)  ascribes  the 
fatal  event  to  obstruction  iu  the  lungs.  No  doubt,  such  obstruction  exists  in  cases  where 
the  patient  lives  long  enough,  but  the  immediate  occurrence  of  death  in  some  cases  seems  to 
show  that  the  essential  cause  is  connected  with  the  heart,  as  indeed  appears  most  probable  a 
priori. 
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maining  plan  appears  to  be  the  injection  of  warm  water  into  the  heart.  By  means 
of  this,  the  air  would  in  part  be  replaced  by  a  fluid  in  which  the  valves  would  be 
again  mobile.  The  nozzle  of  a  syringe  being  inserted  into  a  vein,  water  could  be 
injected  towards  the  heart.  It  would  be  further  advisable — 1.  To  raise  the  neck 
above  the  level  of  the  heart ;  that,  as  the  water  is  forced  down,  the  air  in  the  heart 
may  rise.  2.  To  open  a  vein  in  the  neck,  and  evacuate  the  blood  in  it;  that,  if  air 
ascend  during  the  injection,  it  may  find  space  or  escape.  3.  To  throw  in  no  addi- 
tional air  by  a  careless  filling  of  the  syringe.  4.  To  inject  with  force  enough  to 
ensure  that  the  water  reaches  the  heart,  which  the  venous  blood,  being  without  a 
vis  a  tergo,  cannot  do,  and  yet  with  force  so  moderated  as  not  to  distend  the  right 
cavities.  5.  To  inject  at  a  time  about  two  ounces  of  fluid,  and  with  sufficient  velo- 
city to  ensure  its  not  slowly  trickling  into  the  heart,  which  would  be  useless,  but 
accumulating  there  in  a  quantity  suited  to  raise  the  valves.  6.  During  the  whole 
process  the  action  of  the  heart  may  be  solicited  and  maintained  by  galvanic  shocks, 
all  means  being,  of  course,  in  vain  without  the  action  of  the  heart. 


Charles  H.  Moore,  1870. 
T.  Holmes,  1882. 
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AND  THE  GENERAL  EFFECTS  OF  SHOCK  UPON  THE  SYSTEM. 

IT  is  well  known  that  some  forms  of  injury  may  produce  sudden  death,  and  yet 
the  most  searching  scrutiny  shall  fail  to  detect  the  slightest  physical  or  chemical 
change  in  any  organ  or  structure.  Nay,  further,  life  may  be  abruptly  terminated 
by  causes  yet  more  subtle,  such  as  sudden  and  powerful  emotions  of  the  mind. 

This  kind  of  death  is  very  expressively  termed  Death  from  Shock.    The  heart  is 
powerfully  affected  through  the  nervous  system,  and  its  action  is  arrested. 
This  conclusion  is  confirmed  by  the  condition  of  the  heart  after  death. 
It  is  found  full  of  blood.    All  its  cavities  are  distended,  particularly  the  auricles 
and  the  right  ventricle.    The  great  veins,  and  the  venous  system  generally,  are  also 
gorged. 

The  blood,  as  a  general  rule,  coagulates  very  imperfectly.  Much  remains  fluid, 
and  the  clots  are  loose  and  dark.  In  none  of  my  experiments  or  observations  have 
I  found  it  altogether  fluid,  although  there  is  no  reason  to  doubt  the  statement  of 
Hunter  and  others,  that  this  is  sometimes  the  case.  Rigor  mortis  also  commonly, 
perhaps  always,  occurs  :  and  it  is,  sometimes  at  least,  very  strongly  marked.  When 
slight  and  transient,  it  may  easily  escape  notice. 

Although  the  effect  of  shock  is  most  obvious  and  immediately  important  upon 
the  heart,  yet  there  can  be  no  question  that  its  influence  is  general  throughout  the 
system,  operating  more  or  less  upon  all  the  organs.  This  relation  which  is  established 
between  any  organ  or  structure  and  other  parts  through  the  nerve-centres  has  been 
aptly  termed  sympathy. 

Nothing  short  of  demonstrative  evidence — actual  experiment  — could  have  estab- 
lished the  fact  that  the  whole  of  the  great  nerve-centres  above  the  medulla  oblongata 
may  be  gradually  removed  without  directly  destroying  the  action  of  the  heart,  and 
yet  that  its  movements  may  be  at  once  arrested  by  a  sudden  and  severe  impression 
acting  through  them.  This  significant  fact  is  especially  important  in  relation  to  the 
present  inquiry. 

But  these  or  other  causes  may  produce  an  effect,  short,  indeed,  of  immediate 
death,  but  which  nevertheless  leaves  a  person  on  the  verge  of  dissolution  ;  and  this 
condition  is  called  Collapse.  Its  features  in  the  extreme  form  are  very  plainly 
marked. 

The  patient  lies  in  a  state  of  utter  prostration.  There  is  a  striking  pallor  of  the 
whole  surface,  most  marked  in  the  face.  Even  the  lips  are  quite  pale  and  bloodless. 
There  is  a  cold  clammy  moisture  upon  the  skin,  and  often  distinct  drops  of  sweat 
upon  the  brow  and  forehead.  The  countenance  has  a  dull  aspect,  and  appears 
shunken  and  contracted.  There  is  a  remarkable  languor  in  the  whole  expression,  and 
especially  in  the  eye,  which  has  lost  its  natural  lustre  and  is  partially  concealed  by  the 
drooping  of  the  upper  lid.  The  nostrils  are  usually  dilated.  The  temperature  is 
considerably  reduced  ;  and,  if  the  person  be  able,  he  will  complain  of  feeling  cold, 
and  perhaps  shudder.  Muscular  debility  is  extreme — apparent  at  a  glance  in  the 
condition  of  the  lips  and  hands — occasionally  even  to  the  relaxation  of  the 
sphincters.  The  pulse  is  generally  frequent,  sometimes  irregular,  always  very  feeble, 
perhaps  quite  imperceptible.  In  this  latter  case,  although  the  ear  may  detect  the 
fluttering  action  of  the  heart,  the  pulse  does  not  reach  the  wrist.    The  respiratory 
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movements  are  short  and  feeble  or  panting  and  gasping, '  wanting  the  relief  of  sighs,' 
sometimes  imperceptible,  although  in  the  majority  of  such  cases  some  action  of  the 
diaphragm  may  be  detected  by  careful  observation.  Vertigo  with  dimness  of  vision 
supervenes.  As  the  rule,  there  is  not  incomplete  insensibility,  although  there  is 
much  variation  in  this  respect,  depending  no  doubt  upon  the  nature  of  the  injury; 
but  the  person  is  drowsy  and  bewildered,  yet  conscious  and  perhaps  rational  when 
roused.  Sometimes  the  intellect  is  singularly  clear  and  the  senses  perfect ;  the  hear- 
ing occasionally  even  painfully  acute.  In  the  less  extreme  cases  there  are  often  nausea 
and  vomiting  with  hiccup.    The  last  is  very  variable  in  its  occurrence. 

The  signs  of  syncope  are  those  of  collapse.  Travers  says,  '  a  fit  of  syncope,  and 
the  recovery  from  it,  present  an  epitome  of  the  phenomena  of  shock.'1  So  far  as 
they  extend,  the  symptoms  of  an  ordinary  fainting-fit  are  analogous  to  those  of 
collapse.  '  They  differ  in  degree  and  duration  more  than  in  kind.'  It  is  true  that 
in  syncope  there  is  more  uniformly  a  suspension  of  the  mental  faculties,  as  well  as  of 
the  senses  and  voluntary  powers,  but  this  may  perhaps  be  explained  by  the  fact  that 
causes  which  produce  syncope  act  more  uniformly  upon  the  brain. 

It  can  scarcely  be  necessary  to  remark  that  the  symptoms  just  enumerated  vary 
much  in  degree  even  in  cases  of  complete  collapse ;  and  from  this  we  form  our 
opinion  of  the  immediate  lesult.  As  a  general  rule,  the  less  the  manifestations  of 
life,  the  worse  the  prognosis.  When  the  respiratory  movements  have  ceased  and  the 
puke  is  imperceptible,  we  anxiously  listen  in  the  region  of  the  heart,  and  if  we  hear 
nothing  there,  life  may  be  extinct.  But  it  does  not  follow  that  recovery  is  impos- 
sible even  in  this  desperate  condition.  In  the  first  place,  there  may  be  some  action 
of  the  heart  still  continuing,  although  too  slight  to  be  audible  outside,  and  with  this 
amount  of  life  there  must  be  some  hope.  But  setting  this  question  aside  for  the 
moment,  others  arise.  In  the  absence  of  any  discoverable  lesion  which  in  itself 
must  prove  mortal,  what  is  there  in  such  a  case  to  preclude  the  possibility  of 
recovery  t  By  what  facts  are  we  convinced  that  in  such  a  case  a  person  is  really 
dead?  On  the  contrary,  there  is  good  reason  for  doubting;  and  if  a  doubt  exist, 
the  duty  of  the  suigeon  is  clear. 

In  experiments  upon  the  higher  animals,  when  the  action  of  the  heart  is  arrested 
by  a  shock,  as  by  sudden  destruction  of  the  nerve-centres,  its  movements  will,  in 
many  cases,  be  subsequently  resumed ;  and,  if  artificial  respiration  be  kept  up,  they 
will  continue  for  a  considerable  time.  Further,  when  temporarily  paralysed  by  a 
simple  shock,  uncomplicated  with  any  lesion,  as,  for  example,  by  a  blow  upon  the 
epigastrium,  or  by  a  current  of  electricity,  the  heart  will  often,  after  a  shorter  or 
longer  interval  of  repose,  resume  its  action  and  permanently  recover.  There  can  be 
no  doubt  that  instances  of  this  kind  have  occurred  in  the  human  subject. 

When  a  person  recovers  directly  from  a  state  of  collapse,  he  passes  through  the 
stages  of  what  is  termed  reaction.  This  process,  in  the  most  favourable  cases,  is 
gradual,  often  occupying  many  hours.  It  may  be  many  days  before  the  system  has 
thoroughly  rallied  and  the  several  functions  have  resumed  their  wonted  harmony. 
Amongst  the  earliest  symptoms  of  healthy  reaction  are  improvement  in  the  power 
and  rhythm  of  the  pulse,  and  fuller  inspirations ;  an  occasional  deep  sigh  is,  I  think, 
a  very  favourable  sign ;  so  also  is  the  power  of  swallowing ;  and,  confirmatory  of 
these,  an  increase  of  the  temperature.  Vomiting  is  commonly  one  of  the  early 
symptoms.  An  important  sign  of  still  further  improvement  is  an  inclination  to 
shift  the  position ;  to  move  from  the  supine  posture — which  is  emphatically  the 
posture  of  debility- — to  one  side.  Subsequently  there  is,  for  a  time,  some  excess  of 
action,  but  it  may  be  gradual  and  very  slight.  The  person  is  a  little  feverish.  The 
skin  becomes  rather  hot,  the  face  flushed,  the  pulse  is  rather  frequent,  and  perhaps 
bounding,  the  urine  scanty  and  highly-coloured  ;  there  is  thirst,  headache,  and  some 
restlessness.  But  at  length  the  skin  becomes  moist,  the  person  falls  asleep,  and 
awakes  convalescent. 

It  has  been  often  observed  that  recovery  after  severe  shock  is  not  always 
uniformly  progressive.  The  symptoms  sometimes  fluctuate  very  obviously.  A  short 
1  On  Irritation,  1827,  pp.  127,  128. 
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period  of  improvement  in  the  pulse,  respiration,  and  temperature,  is  succeeded  by  an 
interval  of  failure  ;  and  this  alternation  may  recur  again  and  again,  each  relapse, 
however,  being  less  marked,  until  reaction  is  thoroughly  established. 

Other  things  being  equal,  the  longer  the  symptoms  of  reaction  are  delayed,  the 
more  unfavourable  is  the  prognosis.  If,  at  the  expiration  of  some  hours  no  symptom 
of  its  commencement  appear,  the  patient's  condition  is  certainly  desperate. 

But  a  state  of  collapse  may  end  neither  in  immediate  death  nor  in  direct  recovery. 
The  reaction  may  be  impei-fect,  and  the  condition  which  Travers  has  described  as 
'  prostration  with  excitement '  may  supervene,  and  this  may  lead  indirectly  to  a  fatal 
or  favourable  issue. 

This  state  is  marked  at  first  by  dry  heat  of  the  skin,  a  flushed  face  and  anxious 
expression,  a  rapid  and  bounding  pulse,  which  is  sometimes  even  sharp,  but  always 
easily  compressed.  The  respiration  is  hurried  and  imperfect,  with  partial  and 
irregular  sighs.  The  tongue  is  tremulous  ;  there  is  often  urgent  thirst ;  vomiting  is 
a  frequent  and  sometimes  most  obstinate  symptom ;  there  are  occasional  rigors. 
The  languor  or  stupor  of  collapse  is  succeeded  by  restlessness,  jactitation,  tremor  and 
twitchings  of  the  muscles,  precordial  anxiety ;  often,  but  not  always,  delirium  of 
vai'ious  degrees,  from  occasional  incoherence  to  wild  and  fierce  excitement :  this  most 
frequently  occurs,  and  is  more  marked,  during  the  night.  There  is  either  an  entire 
absence  of  sleep,  or  it  is  partial  and  interrupted,  and  is  succeeded  by  no  relief.  As 
the  exhaustion  increases,  the  skin  becomes  covered  with  a  cold  and  clammy  sweat, 
which  is  very  often  profuse.  The  face  becomes  pale  and  the  expression  haggard ;  the 
pulse  innumerably  rapid,  irregular,  fluttering ;  subsultus  comes  on ;  slight  convul- 
sions ;  coma  more  or  less  profound  ;  and  death. 

The  symptoms  are  subject  to  considerable  variation,  both  with  respect  to  the 
periods  at  which  they  supervene  and  their  manifestation.  Perhaps  the  disturbance 
of  the  cerebral  functions  is,  of  all,  most  variable.  There  may  be  little  more  than 
a  peculiar  irritability  of  manner,  with  an  increased  disposition  to  talk,  sometimes 
rationally,  occasionally  incoherently.  Often  there  are  strange  illusions,  attended 
with  a  peculiar  dread  of  impending  evil ;  or,  on  the  other  hand,  there  may  be  the 
fiercest  maniacal  raving.  Lastly,  it  may  present  all  the  features  of — in  fact,  be — a 
case  of  ordinary  delirium  tremens. 

Now  these  symptoms  of  extreme  excitement,  leading  so  rapidly  to  fatal  exhaustion, 
are  unquestionably  evidence  of  excessive  action  and  deficient  power.  Hunter  calls 
it  irritability.  There  is  no  more  important  subject  for  inquiry  than  the  relation  of 
action  to  power  in  the  living  body.  In  the  condition  of  health  the  balance  is 
uniformly  maintained,  or  at  least  the  supply  is  equal  to  the  demand.  But  if  from 
any  cause  the  power  of  an  organ,  on  the  function  of  which  life  is  immediately  depen- 
dent, be  much  impaired,  this  difficulty  arises  ;  its  function  must  still  be  discharged 
to  an  extent  at  least  sufficient  for  the  purposes  of  life,  and  therefore  deficiency  of 
power  may  need  to  be  redeemed  by  increase  of  action.  But  action  involves  exhaus- 
tion, and  repose  is  needed  for  repair.  The  greater  the  effort,  therefore,  the  greater 
the  exhaustion.  But,  again,  decreasing  power  must  be  met  by  increasing  action. 
Thus  cause  and  effect  react  each  on  the  other  ;  the  relation  between  power  and  action 
becomes  more  and  more  reversed,  until  at  length,  the  supply  diminishing,  and  the 
demand  for  action  and  repose  alike  augmenting,  the  crisis,  with  rapidly  increasing 
pace,  is  hurried  on. 

No  organ  illustrates  this  so  strikingly  as  the  heart,  and  under  no  circumstances 
better  than  in  the  present  case.  An  impression  is  produced  upon  the  heart  whereby 
its  power  is  for  some  time  impaired.  But,  that  life  may  last,  it  must  still  to  a 
certain  extent  circulate  the  blood.  If  it  be  too  feeble  to  accomplish  this  necessary 
task  at  its  ordinary  rate  of  action,  its  frequency  must  be  increased.  But  action  is 
succeeded  by  corresponding  exhaustion  ;  and  so,  if  the  supply  prove  unequal  to  the 
demand,  follows  prostration  with  excitement — deficient  power  and  excessive  action  ; 
the  pulse  increasing  in  frequency  as  it  fails  in  force. 

In  this  way  collapse  may  indirectly  teiminate  in  death  through  excessive  and 
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exhausting  reaction  ;  or,  if  happily  the  power  be  sufficient  to  restore  the  equilibrium, 
in  ultimate  recovery.  , 

In  reference  to  these  cases  it  is  interesting  to  note  that  in  others  reaction  may 
be  for  a  long  while — perhaps  some  days — very  partial  and  defective ;  sufficient, 
indeed,  to  protract  life,  but  rendering  the  prognosis  extremely  doubtful. 

But  the  effects  of  a  shock  to  the  system  are  not  always  thus  limited  in  their 
nature  and  duration.  Those  which  have  been  described  may  be  termed  primary  or 
direct,  but  sometimes  these  are  succeeded  by  others  more  remote  and  secondary, 
inducing  perhaps  after  a  shorter  or  longer  interval  grave  mischief,  or  it  may  be  even 
death.  It  is  not  uncommon  to  have  various  forms  of  local  disease  or  disturbance  of 
the  general  health  referred  to  some  previous  shock  which  the  system  has  sustained. 
'  He  has  never  been  the  man  he  was  since  '  is  a  familiar  allusion  to  a  case  of  this  kind, 
and  after  making  every  allowance  for  exaggeration  and  misinterpretation,  the  rela- 
tion of  cause  and  effect  between  some  previous  shock  and  present  mischief  may  be 
often  clearly  and  unequivocally  established.1 

It  must  be  added,  however,  in  relation  to  this  very  interesting  subject,  that,  as 
many  cases  show,  there  is  no  constant  proportion  in  their  severity  between  the 
immediate  and  remote  effects  of  shock.  Some  of  the  worst  cases  of  this  kind,  those 
which  after  long  periods  of  suffering  have  at  length  proved  fatal,  have  at  first 
exhibited,  if  any,  apparently  only  the  most  trivial  symptoms.  There  is  abundant 
evidence  to  show  the  need  of  anxious  watching  in  all  these  cases. 

The  principal  causes  of  collapse  are  : 

Injuries,  sudden  and  severe,  or  extensive,  as  contused  and  lacerated  wounds,  in- 
volving a  considerable  amount  of  texture — the  crushing  of  a  limb,  for  instance. 
Burns  present  familiar  and  striking  examples  of  extreme  collapse  produced  by  this 
cause.    Under  this  head,  too,  come  capital  operations. 

Injuries  of  very  important  organs,  as  the  liver,  or  other  of  the  viscera  ;  or  of  the 
joints ;  or  other  organs  abundantly  supplied  with  nerves.  Sudden  crushing  of  the 
testicle  has  proved  fatal. 

Pain  alone,  when  intense  and  protracted,  has  proved  fatal  in  this  way ;  and  it 
appears,  in  a  case  related  by  Sir  A.  Cooper  in  his  first  lecture,  that  sudden  relief  from 
great  agony  was  attended  with  the  same  untoward  result. 

Certain  poisons  operate  in  this  manner,  depressing  the  system  so  suddenly  and 
severely  as  to  produce  a  state  of  collapse ; — tobacco,  for  example.  And  drastic 
purgatives  have  in  some  cases  induced  a  similar  condition. 

The  purest  examples  of  collapse  are  those  which  are  produced  simply  by  what  is 
termed  a  shock  to  the  nervous  system.  A  severe  blow  upon  the  epigastrium,  for 
instance,  may  produce  immediate  death  without  any  detectable  lesion.  A  current  of 
electricity  acts  in  the  same  way,  as  in  death  from  lightning.  Simple  concussion  of 
the  brain  is,  perhaps,  the  example  most  commonly  presented  to  our  notice  as  surgeons. 
In  this  case,  however,  the  ordinary  effects  of  shock  are  complicated  by  the  insensi- 
bility which  naturally  results  from  the  nature  of  the  injury, 

Accidents  on  railways  present  striking  examples  of  an  analogous  kind.  After  a 
collision,  different  persons  are  found  in  various  degrees  of  collapse  without  perhaps 
any  visible  injury  or  local  lesion.  The  condition  is  referred  to  concussion,  not  of 
the  nerve-centres  only,  but  of  the  whole  system — to  shock  of  both  'body  and  mind.' 

There  can  be  doubt  that  in  some  cases  a  mental  emotion  alone  may  destroy  life. 
And  although  this  extreme  effect  is  very  rare,  yet  doubtless  there  is  no  source  of 
shock  to  the  system  so  frequent  as  the  mind.  Its  subtle  operation  is  most  marked 
in  its  relation  to  what  are  termed  the  organic  functions.  Its  influence  upon  the 
functions  of  the  stomach  and  intestines,  liver,  kidney,  skin,  and  other  organs,  is  well 
known.  A  familiar  instance  of  the  extent  of  its  influence  is  seen  in  women  during 
lactation.  The  qualities  of  the  milk  are  from  this  cause  often  suddenly  changed,  so 
as  to  produce  very  serious  effects  upon  the  infant.  In  some  recorded  cases  the  result 
has  proved  fatal. 

1  For  the  best  and  fullest  information  on  this  subject,  the  reader  is  referred  to  Erichsen, 
On  Railway  Injuries,  1866. 
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It  is  remarkable  and  characteristic  that  severe  shock  to  the  system  from  mental 
emotion,  after  the  more  immediate  effects  have  passed  away,  often  leave  some  organ 
permanently  impaired  in  its  function.  Sudden  fright,  for  instance,  has  produced 
deafness. 

Some  injuries  tend  to  produce  collapse  in  more  than  one  way.  The  collapse 
following  gunshot  wounds,  for  example,  may  be  due  partly  to  the  extent  of  the 
mischief  and  the  organ  or  organs  involved  in  it,  assisted  more  or  less  by  haemorrhage 
according  to  its  degree  :  and  undoubtedly,  in  many  instances,  partly  to  the  effect 
upon  the  mind  of  a  sudden,  and  probably  severe,  injury,  the  nature  and  extent  of 
which  are  doubtful. 

Again,  the  shock  produced  by  the  cold  douche  is  doubtless  increased  by  the  de- 
pressing effects  of  great  and  rapid  reduction  of  temperature. 

The  effects  of  shock  are  aggravated  by  loss  of  blood.  Hence  a  comparatively 
slight  injury,  if  accompanied  by  considerable  haemorrhage,  will  produce  a  more  pro- 
found impression  on  the  system  than  one  much  more  severe  without  this  most  im- 
portant complication. 

But  haemorrhage  alone,  if  sudden  and  profuse,  will  produce  collapse.  Excessive 
haemorrhage,  even  if  gradual,  will  produce  a  state  of  extreme  exhaustion  and  debility, 
and  death  from  anaemia ;  but  this  is  not  the  same  as  collapse  from  loss  of  blood, 
which  depends  rather  upon  the  suddenness  than  upon  the  amount  of  haemorrhage. 
In  sudden  and  profuse  haemorrhage,  the  heart  and  system  generally  are  not  only 
directly  affected,  but  indirectly  through  the  great  nerve-centres  by  the  abrupt  ab- 
straction of  blood.1  And  although  after  death  from  simple  shock  without  any  loss 
of  blood  the  heart  is  found  distended  with  blood,  while  after  death  from  sudden 
haemorrhage  it  is  more  or  less  contracted,  yet  the  difference  appears  to  be  due  princi- 
pally to  the  quantity  of  blood  in  the  system ;  for  if  in  the  former  case  the  distended 
heart  be  relieved  by  opening  a  large  vein,  it  will  assume  very  much  the  condition 
met  with  in  the  latter  case.  Moreover,  the  symptoms  produced  in  each  case  are  to 
my  observation  similar ;  and  although  it  is  of  the  greatest  importance  to  distin- 
guish between  the  causes,  yet  in  either  case  the  condition  induced  is  a  state  of 
collapse. 

Perhaps  the  chief  distinction  between  the  symptoms  of  collapse  the  result  of 
sudden  and  profuse  haemorrhage,  and  of  that  from  other  causes,  consists  in  this :  in 
the  former  the  effects  are  for  a  time  most  obvious  on  the  vascular  system  ;  the  func- 
tions generally  not  appearing  depressed  to  the  same  extreme  degree.  Thus,  when 
the  pulse  at  the  wrist  may  be  imperceptible  and  the  heart's  action  hardly,  if  at  all, 
audible,  the  voice  will  continue  clear,  firm,  and  loud,  and  the  physical  and  mental 
powers  considerable.  Such  a  condition  is  often  witnessed  in  haemorrhage  during 
labour.  This  contrast  is,  however,  of  course,  only  temporary ;  and  the  same  is  some- 
times seen  in  collapse  from  other  causes,  as,  for  instance,  in  Hunter's  own  case.2 

Hitherto  the  influence  of  shock  has  been  considered  only  in  its  extreme  effects 
when  directly  producing  a  state  of  collapse  ;  but  it  must  be  a  very  narrow  view  of 
the  subject  which  would  overlook  its  less  severe  though  much  more  frequent  results. 
It  may  operate  in  any  degree,  and  produce  in  one  case,  as  has  been  already  seen, 
instant  death,  or  a  state  not  to  be  distinguished  from  it  for  a  time  even  by  the  most 
anxious  scrutiny  ;  in  another  case  effects  so  trivial  that  the  symptoms  pass  unnoticed 
or  unheeded  by  a  superficial  or  careless  observer. 

There  are  many  instances  on  record,  and  many  more  known  to  every  surgeon,  of 
death  from  this  cause  less  sudden,  but  in  many  instances  scarcely  less  inevitable.  In 
some  cases  injuries  or  operations,  comparatively  trivial  in  their  nature,  induce  a  con- 
dition of  otherwise  unaccountable  debility,  and  terminate  in  death  by  asthenia.  A 
careful  inquiry  into  the  history  of  such  cases  will  often  elicit  facts  which  enable  us 
to  reconcile  the  apparent  disproportion  of  cause  and  effect. 

After  injuries  or  operations  sufficiently  severe  to  produce  a  serious  impression 
upon  the  system,  yet  by  no  means  amounting  to  a  condition  of  collapse,  reaction  is 

1  See  Marshall  Hall,  Med.-CMr.  Trans,  vol.  xvii. 

2  Works,  by  Palmer,  vol.  i.  p.  244. 
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sometimes  defective  or  unduly  delayed.  The  patient  remains  depressed  ;  there  is  no 
heat  of  surface  ;  the  pulse  is  weak  and  perhaps  unsteady ;  he  does  not  sleep  soundly, 
although  he  may  be  constantly  dosing ;  and  the  stomach  is  often  irritable.  In  a 
word,  there  is  an  absence  of  '  sympathetic  fever.' 

There  are  some  circumstances  which  greatly  affect  the  result  of  shock  in  its  various 
degrees  upon  the  system. 

General  debility  favours  the  influence  of  shock.  A  weak  system  is  more  easily 
impressed  and  disturbed,  and  reaction  fails  from  want  of  power. 

In  the  same  way  very  much  depends  upon  what  is  termed  the  state  of  the  con- 
stitution, or  rather  the  idiosyncrasy,  of  the  individual.  An  injury  which  will  pro- 
duce no  visible  effect  upon  one  man,  scarcely  inducing  even  a  temporary  disturbance 
of  any  function,  will  in  another  produce  a  most  serious  and  enduring  impression. 
Yet  both  of  these  subjects  shall  be  previously  in  perfect  health  ;  but  there  is  often, 
though  not  always,  a  visible  difference  in  their  temperament,  by  which  our  judg- 
ment is  materially  guided  in  calculating  the  probable  effect  of  any  operation  or  injury. 

The  offect  of  any  shock  is  most  disastrous  in  those  whose  constitutions  have  been 
previously  broken  down  by  debauchery  or  excess.  These  labour  on,  inadequate  to 
the  ordinary  damands  of  every-day  life,  and  utterly  unequal  to  the  extra  claim  which 
a  comparatively  small  injury  makes  upon  the  vital  powers.  These  are  the  cases 
that  so  often  terminate  in  delirium  tremens. 

As  life  declines,  the  vital  powers  diminish,  and  this  decrease  becomes  strikingly 
apparent  when  any  injury  or  disease  leads  to  an  increased  demand  upon  the  resources 
of  the  system.  There  is  loss  power  in  reserve,  if  it  may  be  so  expressed  ;  less  consti- 
tutional capital.  In  old  age  the  system  may  be  equal  to  the  task  of  maintenance, 
but  it  is  much  less  capable  of  the  extra  exertion  of  repair.  Hence  those  advanced 
in  life  are  slow  to  rally  from  the  effects  of  shock.  Reaction  fails.  Sudden  confine- 
ment to  bed  alone  often  produces  a  very  serious  impression  upon  old  people.  The 
system  in  advanced  life  often  appears  unequal  even  to  this  change.  Thus  an  injury 
in  itself  insignificant  may  in  this  way,  by  rendering  confinement  to  bed  necessary, 
lead  to  a  fatal  result.  Surgeons  are  aware  of  this,  and  in  the  treatment  of  fracture 
of  the  neck  of  the  femur,  for  example,  are  anxious  to  see  the  patient  about  again  as 
soon  as  possible. 

The  capacity  for  reaction  must  not  be  confounded  with  the  power  of  resistance. 
Indeed,  generally  they  are  inversely  proportioned  to  each  other.  A  certain  degree 
of  shock  may  produce  a  very  obvious  disturbance  of  the  system  in  the  young,  which 
nevertheless  soon  subsides.  In  the  old  the  same  influence  may  be  attended  with 
scarcely  any  visible  effect,  yet  when  an  impression  is  made  it  endures.  So  the 
influence  of  shock  is  more  manifest,  but  more  transitory,  in  the  young  ;  less  obvious, 
but  more  fatal,  in  the  old. 

Apart  from  all  considerations  relating  directly  to  the  body,  the  character  and 
condition  of  the  mind  exert  a  more  subtle  but  most  important  and  interesting 
influence  upon  the  effects  of  shock,  especially  in  its  less  extreme  degrees.  Perhaps 
it  is  not  always  known  how  much  the  result  of  an  operation  is  regulated  by  this 
cause.  It  seems  that  in  some  instances  a  firm  and  deeply-rooted  conviction  that 
recovery  is  impossible  may  alone  suffice  to  prevent  it.  There  are  instances  on  record 
of  death  after  the  most  trivial  operations,  which  can  be  explained  in  no  other  way. 
Nay,  more,  as  already  noticed,  death  has  been  directly  produced  from  mental  emotion, 
without  the  intervention  of  any  other  cause.  And  even  in  such  instances  as  those 
related  by  Travel's  and  others,  it  cannot  be  regarded  as  a  predisposing  cause  only. 
The  trivial  operation  is  but  indirectly  connected  with  the  fatal  result  as  the  exciting 
cause  of  the  mental  condition.  Although  these  extreme  instances  are  comparatively 
rare,  yet,  on  the  other  hand,  it  may  be  affirmed  that  in  every  case  the  result  of  a 
severe  accident  or  operation  is  more  or  less  influenced  by  the  state  of  the  mind. 
We  speak  familiarly  and  truly  of  certain  emotions  as  depressing,  and  of  others  as 
exciting ;  and  it  is  not  difficult  to  understand  that  much  must  depend  upon  the 
question — With  which  of  these  is  the  inevitable  shock  of  an  operation  or  accident  to 
be  associated  1 
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Those  Avho  have  watched  patients  the  most  closely  attach  the  greatest  weight  to 
this  matter.  A  nurse  has  often  considerable  advantage  over  the  surgeon  in  this 
respect.  She  becomes  more  thoroughly  acquainted  with  the  condition  of  the  patient's 
mind,  and  its  influence  upon  the  system.  I  have  more  than  once  talked  over  this 
subject  with  the  intelligent  sisters  of  the  wards  which  are  more  especially  devoted  to 
cases  of  operation  at  St.  Bartholomew's  Hospital  ;  and  I  think  many  woidd  be 
surprised  at  the  vast  importance  they  attach  to  the  condition  of  the  mind  in  deter- 
mining the  result.  Many  times,  when  to  a  passing  observer  the  state  of  a  patient 
has  appeared  to  be  in  every  respect  satisfactory,  I  have  seen  the  sister  shake  her 
head,  and  heard  her  say,  '  He  would  do  very  well  if  he  were  not  so  nervous  ;  but  he 
will  never  get  better  while  he  continues  to  persuade  himself  that  he  cannot;'  and 
rarely  has  the  prediction  been  proved  to  be  false. 

There  are  at  least  two  distinct  forms  of  mental  influence  operating  powerfully 
upon  the  result.  The  first  is  either  the  buoyancy  produced  by  hope  and  a  firm  belief 
in  a  successful  issue,  or  the  depression  produced  by  despondency  and  a  rooted  convic- 
tion that  the  result  will  be  fatal.  The  second  is  either  a  calm  and  equable  disposi- 
tion, patient  and  enduring,  or  a  peevish  and  irritable  temper,  restless  and  complain- 
ing. The  former  of  these  are  usually  influenced  by  age.  and  the  latter  by  sex.  The 
young  are  the  most  hopeful,  and  women  as  a  rule  endure  most  patiently. 

•  Other  conditions  being  the  same,  the  immediate  effect  of  any  shock  upon  the 
system  varies  as  the  intensity  of  the  impi-ession.  Hence  the  greater  fatality  of  large 
amputations  for  accident  when  compared  with  those  for  long-standing  disease.  In 
the  former  case  a  sudden  and  severe  injury  is  closely  followed  by  a  large  operation, 
and  the  person  passes  at  once  from  a  state  of  activity  to  one  of  close  confinement. 
Here  are  all  the  conditions  calculated  to  produce  a  profound  impression.  In  tlie 
latter  case  the  person  has  become  accustomed  to  confinement.  His  habits  of  life 
after  the  operation  are  not  abruptly  changed.  There  is  no  shock  from  an  injury 
antecedent  to  the  operation,  and  the  system  is  less  startled  by  the  irritation  of  the 
wound  when  previously  to  some  extent  prepared  for  it  by  the  accustomed  irritation 
of  the  disease. 

A  similar  explanation  may  be  applied  to  the  comparatively  great  danger  of  what 
are  termed  '  operations  of  expediency.'  The  shock  to  the  system  is  greater  when 
previously  unaccustomed  to  any  unusual  demand  upon  its  resources. 

In  the  treatment  of  collapse  in  its  extreme  degree,  our  object  is  to  maintain,  and, 
if  necessary,  to  excite,  a  sufficient  amount  of  action  for  the  purposes  of  life  till  the 
system  is  enabled  to  rally  from  the  exhaustion  produced  by  the  shock.  A  certain 
amount  of  action  is  essential  to  life.  The  heart  must  beat  and  the  patient  must 
breathe.  Here  it  becomes  necessary  to  distinguish  the  two  cases  previously  de- 
scribed,— collapse  without  haemorrhage,  and  collapse  the  result  of  sudden  and  excessive 
haemorrhage.  With  regard  to  the  treatment  and  the  issue  of  the  case,  this  distinction 
is  of  primary  importance. 

First,  then,  of  collapse  the  result  of  a  severe  shock  without  haemorrhage.  Sup- 
posing the  most  desperate  case,  in  which  no  sign  of  life  can  be  detected  :  is  anything 
to  be  done?  So  long  as  the  slightest  doubt  remains,  the  case  is  not  absolutely  hope- 
less. In  'the  absence  of  any  positive  evidence  to  the  contrary,  such  as  the  lapse  of 
time  or  the  complication  of  irreparable  injury,  we  assume  that  recovery  is  not  impos- 
sible. When  the  respiratory  movements  have  ceased,  artificial  respiration  should  be 
patiently  practised  ;  and  if  there  be  any  evidence  of  the  heart's  action,  it  should  be 
perseveringly  continued  until  Ave  obtain  evidence  that  the  function  is  naturally  per- 
formed. 

If  no  evidence  of  the  heart's  action  be  detected,  can  anything  be  done  to  excite 

it? 

If  an  animal  be  killed  by  shock,  such  as  sudden  destruction  of  the  spinal  cord 
and  brain,  and  the  chest  be  opened  within  a  minute  or  two  of  the  operation,  the 
heart  will  be  found  motionless,  or  with  the  slightest  flickering  movement,  most 
apparent  in  the  auricles,  and  distended  with  blood.  The  veins  too  are  in  the  same 
engorged  condition.    If  now  the  right  auricle  or  ventricle  be  punctured,  blood  will 
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pour  out,  and  this  will  be  instantly  followed  by  a  striking  increase  in  the  heart's 
action,  which  will  continue  to  improve  for  some  time.  Or  if  the  distended  jugular 
vein  be  opened  in  the  neck,  the  heart  will  resume  its  action  as  soon  as  relieved. 
While  the  heart  remains  paralysed  by  distension,  it  cannot  recover. 

In  such  a  case,  therefore,  the  superficial  veins  of  the  neck  should  be  examined ; 
and  if  distended,  the  external  jugular  should  be  opened.  This  treatment  is  sanctioned 
by  both  reason  and  experiment.  Nothing  else  seems  to  offer  any  prospect  of  success. 
Electricity  has  been  recommended ;  but,  even  if  it  could  be  obtained  at  the  precious 
moment  when  required,  the  principle  of  its  application  is,  to  say  the  least,  a  very 
doubtful  one. 

While  these  means  are  practised,  the  temperature  of  the  body  must  be  carefull)- 
maintained.  The  important  precaution  is  apt  to  be  neglected  during  the  prosecution 
of  more  active  measures.  As  the  circulation  fails,  the  temperature  falls ;  but  the 
person  must  not  be  allowed  to  grow  cold. 

If  there  has  been  considerable  haemorrhage,  our  chances  of  success  are  greatly 
diminished;  and  when  such  extreme  collapse  as  that  just  spoken  of  is  the  result  of 
haemorrhage,  the  case  is  desperate  indeed.  In  such  a  case,  transfusion  is  the  sole 
means  tbat  offers  a  chance  of  life.  The  difficulty  of  its  immediate  adoption  is 
generally  fatal  to  its  employment ;  but,  if  practicable,  it  should  certainly  be  attempted. 
It  is  unquestionably  '  a  fair  and  rational  expedient.' 

But  if  we  should  happily  succeed  in  exciting  the  heart  to  resume  its  action,  or  in 
less  desperate  cases  where  it  still  acts,  when  the  symptoms  are  such  as  were  described 
at  the  commencement,  how  shall  these  actions  be  best  maintained  ] 

While,  on  the  one  hand,  it  is  absolutely  essential  that  these  actions  shall  be  to  a 
certain  extent  continued  at  whatever  cost,  on  the  other  hand  it  is  of  extreme  import- 
ance that  the  flagging  powers  be  not  unnecessarily  tasked.  Time  is  a  more  important 
element  in  these  cases ;  and  if  in  the  interval  we  can  keep  the  patient  alive,  the 
system  will  sooner  or  later  rally  from  the  effects  of  shock,  if  uncomplicated  with  any 
mortal  lesion.  The  chief  point  of  difficulty  is  to  decide  how  much  to  do  ;  when  to 
act,  and  when  to  desist.  If,  by  imprudent  and  impatient  attempts  to  increase  action, 
we  draw  too  largely  on  the  already  exhausted  powers,  we  hasten  the  catastrophe ; 
but  nevertheless  we  watch  narrowly  that  the  feeble  functions  do  not  decline.  '  We 
have  two  points  especially  to  bear  in  mind,'  says  Travers  :  '  first,  maintaining  action ; 
secondly,  not  forcing  it.'  During  this  critical  period  such  a  case  should  not  be  left 
for  an  instant.  The  patient  must  be  strictly  kept  in  the  horizontal  position,  with 
the  head  on  a  level  with  the  trunk  ;  and  he  should  not  be  raised  to  any  extent  till 
reaction  is  fairly  established.  Amongst  drugs  there  are  many  stimulants,  but  in 
these  cases  nothing  is  equal  to  brandy.  Its  effects  are  more  certain  and  decided,  and 
it  suits  the  stomach  best.  It  will  remain  when  all  other  stimulants  are  rejected. 
The  state  of  the  circulation  and  the  temperature  are  the  guides  to  its  use.  However, 
there  should  be  a  limit  even  to  the  administration  of  brandy.  If  no  effects  are 
apparent  after  an  ounce  or  two  have  been  swallowed,  it  is  very  questionable  if  any 
advantage  will  be  gained  from  a  larger  quantity.  It  frequently  happens,  that  after 
several  ounces  of  brandy  have  been  given  without  benefit,  they  are  suddenly  returned. 
The  stomach,  no  longer  able  to  absorb  its  contents,  is  thus  stimulated  to  expel  them. 
The  application  of  heat  to  the  epigastrium  and  the  extremities  is  most  useful. 
Flannel  cloths  wrung  out  of  hot  water  and  applied  to  the  pit  of  the  stomach  are 
often  of  signal  service.  If  the  patient  be  unable  to  swallow,  stimulating  enemata 
should  be  administered.  With  all  this,  the  temperature  of  the  body  generally  should 
be  maintained.  As  the  natural  production  of  heat  fails,  its  loss  must  be  prevented 
as  much  as  possible  and  supplied  by  artificial  means.  Nourishment  should  follow 
stimulants  very  closely.  Stimulants  alone  may  be  required  in  the  first  emergency, 
but  they  soon  prove  useless  if  unaccompanied  by  nourishment.  The  two  may  be 
combined  with  the  greatest  advantage ;  and  as  the  system  rabies,  stimulants  are 
gradually  withdrawn. 

Where  there  has  been  considerable  loss  of  blood,  the  demand  for  nourishment  is 
much  more  immediately  urgent,  and  must  be  more  abundantly  supplied  in  the  most 
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assimilable  forms.  -In  this  case  reaction  is  longer  delayed  and  more  gradually 
developed. 

T  cannot  resist  transcribing  the  following  remarks  by  Travers,  in  his  work  on 
'  Constitutional  Irritation,'  with  reference  to  this  great  question. 

'  If  we  neglect  to  supply  stimulus  when  called  for,  the  spark  of  life  goes  out.  The  signs 
of  its  indication  must  therefore  he  vigilantly  observed.  "We  are  maintaining  action  upon  in- 
adequate power,  in  the  hope  that  the  natural  resources  may  come  to  our  relief,  and  that  we 
may  gradually  diminish  stimulus  and  increase  nutriment,  which  is  our  only  method  of  raising 
power  to  a  balance  with  action. 

'  The  respondence  of  the  circulating  forces  to  an  increased  supply  of  stimulus  must  serve 
as  a  caution  against  over-supply.  Since  power  is  deficient,  we  must,  carefully  husband  our 
only  resource,  and  not  waste  it  in  inordinate  action.  When  the  signs  of  reaction  are  mani- 
fested, its  excess  is  much  to  be  apprehended,  if  such  reaction  has  been  obtained  by  over- 
stimulation. 

' Excessive  reaction  so  induced  is  "prostration  with  excitement "  in  its  most  perilous 
form.  When  such  a  state  is  the  original  form  of  the  malady,  it,  is  probably  less  dangerous, 
because  in  this  case  the  inequality  between  power  and  action  is  less.' 

If  from  injudicious  treatment,  or  otherwise,  reaction  becomes  excessive,  we  have 
the  condition  previously  described — 1  prostration  with  excitement.'  In  this  case  the 
indications  of  treatment  are  clear  and  simple  enough,  but  unhappily  most  difficult 
to  fulfil  : — to  support  and  increase  power,  and  to  moderate  and  reduce  action.  We 
would  rather  give  nourishment  than  stimulants,  but  unfortunately  the  latter  are 
generally  necessary  and  cannot  be  spared. 

When  the  stomach  is  irritable  and  rejects  its  contents — a  common  and  untoward 
complication — small  pieces  of  ice,  swallowed  from  time  to  time,  are  usually  most 
grateful  to  the  patient  and  beneficial  in  their  effect.  Mustard-plasters  to  the  epi- 
gastrium are  also  frequently  useful ;  and  if  not,  possess  the  great  merit  of  being 
harmless. 

Mental  excitement  may  be  often  moderated  by  keeping  the  head  cool.  The 
beneficial  effects  of  sleep  are  never  more  strikingly  seen  than  in  cases  of  this  kind. 
A  few  hours  of  sleep  will  sometimes  altogether  change  the  condition  of  the  patient. 
Unfortunately,  in  proportion  as  it  seems  needed,  it  becomes  most  difficult  to  procure 
it.  In  the  worst  cases,  the  absence  of  sleep  is  a  striking  feature.  But  full  doses  of 
opium  will  often  accomplish  this  desirable  end ;  and  it  is  when  opium  thus  acts  that 
it  proves  most  signally  serviceable. 

It  is  the  most  valuable  of  all  drugs  in  this  condition,  and  the  system  will  generally 
tolerate  and  require  unusually  large  doses.  If  the  patient  cannot  or  will  not  swallow, 
it  may  be  given  by  the  rectum.  Dupuytren  preferred  this  way  to  the  other  of 
administering  it.1  Or,  what  in  the  majority  of  cases  is  best,  a  solution  of  morphia 
may  be  injected  under  the  skin.  As  a  very  general  rule,  it  may  be  said  that  opium 
proves  beneficial  in  proportion  as  the  symptoms  of  syncope  predominate.  It  is 
contra-indicated  when  those  of  coma  appear. 

When  opium  fails  or  disagrees,  henbane  will  often  prove  a  very  valuable  remedy, 
or  they  may  be  given  together.  '  There  is  a  charm  in  its  operation  altogether  pecu- 
liar.'   It  '  soothes  and  stills.' 

Concerning  the  treatment  of  deficient  reaction  after  injuries  or  operations  there 
is  little  to  be  said.  The  earliest  evidence  of  failing  power,  either  in  the  state  of  the 
pulse  or  the  temperature  of  the  surface,  must  be  met  by  support  in  the  form  of 
assimilable  food,  and,  if  necessary,  by  stimulants.  Haemorrhage,  according  to  its 
extent,  will  delay  and  impair  reaction.  Perhaps  it  sometimes  happens  that  healthy 
reaction,  which  in  the  course  of  nature  should  succeed  an  operation  or  injury,  is  for 
a  time  averted  or  altogether  destroyed  by  a  depletory  plan  of  after-treatment, 
adopted  with  an  idea  of  preventing  inflammation,  or  some  one  or  more  of  the  many 
ill  defined  and  as  little  understood  evils  associated  with  that  term.  While  all  goes 
on  well,  beyond  giving  a  sufficient  amount  of  support,  in  a  light  and  simple  form  at 
first,  the  less  that  is  done  the  better.  Should  reaction  fail,  stimulants  must  be 
added  to  the  requisite  extent,  their  effect  upon  the  system  being  carefully  watched. 
Of  the  indications  for  their  use  Mr.  Vincent  says,  in  his  Observatio)is,  1  It  in  twelve 

1  Lemons  or  ales,  t.  i.  p.  187. 
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hours,  or  earlier,  the  pulse  does  not  indicate  increased  action,  if  it  becomes  fluttering 
and  unequal ;  when  the  surface  does  not  seem  to  evolve  heat ;  when  the  countenance 
is  listless,  and,  perhaps,  when  the  patient  reports  himself  better  than  might  be 
expected  ;  and  particularly  if  he  is  not  clear  in  his  answers,  but  is  wavering, — then 
that  best  of  all  stimuli,  brandy,  must  be  thrown  in,  and  if  there  be  delirium,  opium.' 
Jf  the  stomach  prove  irritable,  as  it  often  will  in  these  cases,  ice  and  mustard- 
plasters,  as  previously  mentioned,  will  be,  T  think,  serviceable.  Sleep  must  be 
obtained ;  and  morphia,  with  or  without  some  stimulant,  will  generally  procure  it. 

Both  deficient  and  excessive  reaction  indicate  want  of  power.  They  are  equally 
evidence  of  debility.  The  circumstances  of  the  case  determine  which  shall  for  the 
time  prevail.    The  one  condition  very  commonly  passes  into  the  other. 

Inasmuch  as  the  shock  to  the  system  is,  under  all  circumstances,  an  evil  in  pro- 
portion to  its  extent,  it  behoves  us  in  every  case,  where  it  cannot  be  altogether 
avoided,  to  lessen  its  operation  to  the  utmost.  It  is  to  be  remembered  that,  con- 
currently with  the  shock  of  a  severe  operation,  there  are  many  added  impressions,  all 
tending  to  produce  a  similar  effect.  For  instance,  in  many  cases  there  is,  besides  a 
total  alteration  of  diet,  a  sudden  change  from  activity  to  close  confinement.  This 
is,  as  we  have  seen,  sometimes  of  itself  sufficient  to  induce  extreme  prostration. 
Under  any  circumstances  it  is  a  matter  of  great  moment.  Travers  tells  us  that  his 
friend  Mr.  George  Young  was  accustomed,  where  he  could,  to  get  over  this  difficulty 
beforehand.  He  would  'impose  restraint  before  the  performance  of  operations 
requiring  confinement  with  excellent  effect.  Having  to  extract  a  cartilage  from  the 
knee-joint,  he  would  keep  the  man  for  a  week  prior  to  the  operation  in  the  same 
position  that  was  to  be  maintained  for  the  week  subsequent  to  it.  Thus  the  irrita- 
tion of  confinement,  as  well  as  that  of  motion,  was  avoided.'  And  in  a  case  related  : 
'This  confinement  of  the  limb  occasioned  a  restless  night,  some  fever,  a  whitish 
tongue,  quickened  pulse,  a  little  headache,  spare  and  high-coloured  urine.' 

Certainly  in  all  '  operations  of  expediency,'  and  in  others  too  that  will  admit  of 
it,  this  plan  is  well  worthy  of  adoption.    It  costs  so  little,  and  may  save  so  much. 

Moreover,  from  the  evidence  before  us,  it  is  clear  that,  prior  to  an  operation,  the 
state  of  the  mind  as  well  as  of  the  body  should  be  carefully  investigated ;  and  if  an 
unfavourable  condition  cannot  be  corrected,  it  should  be  allowed  due  weight  in 
determining  the  question  of  an  operation.  And  on  this  account,  when  an  operation 
is  decided  on,  it  is  unwise  as  well  as  cruel  to  delay  or  postpone  its  performance 
without  some  good  and  weighty  reason,  for  doubt  and  anxiety  draw  largely  upon  the 
health  and  strength. 

These  and  similar  matters  are  never  trivial  and  of  little  moment,  for  they  are 
always  more  or  less  influential  in  determining  the  issue. 

Supposing  a  person  in  a  state  of  extreme  collapse  from  a  severe  injury,  the  crushing 
of  a  limb  for  example,  and  a  capital  operation,  such  as  amputation,  to  be  necessary, 
the  operation  should  be  performed  as  soon  as  the  patient's  condition  will  admit  of  it. 
Although  it  would  be  highly  hazardous  to  operate  while  the  prostration  is  extreme, 
yet  it  is  not  necessary  or  even  advisable  to  wait  for  complete  reaction.  How  far  the 
patient  should  be  allowed  to  rally,  and  when  he  has  reached  that  state  which  will 
enable  him  to  bear  the  operation,  are  of  course  questions  which  cannot  be  answered 
in  a  general  manner,  but  which  must  be  decided  by  the  surgeon  in  each  case.  Yet 
it  is  to  be  borne  in  mind  that  the  immediate  impression  which  an  operation  makes 
on  a  system  already  under  the  influence  of  a  shock  is  considerably  less  than  under 
other  circumstances.  It  is  said  :  '  The  shock  of  the  injury  covers  and  identifies 
with  itself  that  of  the  operation  promptly  performed.'  Of  course,  so  far  as  the  effect 
of  the  operation  alone  is  concerned,  it  would  be  safer  to  wait  until  the  system  had 
entirely  recovered,  if  it  could  do  so,  from  the  previous  impression ;  but  as  valid 
reasons  are  opposed  to  this  delay,  and  we  are  compelled  to  inflict  an  additional  injury 
on  a  system  already  depressed,  it  is  very  important  to  be  fully  cognisant  of  the  fact 
that  the  shock  of  an  operation,  in  such  a  condition,  will  be  reduced  to  a  minimum. 

It  is  sometimes  stated  that  an  operation  performed  under  these  circumstances 
does  good  by  arousing  the  system.  Similia  similibus  curantur.    It  is  certainly  true 

Vol.  I.  C  C 


386 


COLLAPSE. 


that  it  will  sometimes  produce  a  temporary  display  of  action;  but,  be  it  remembered, 
always  at  the  expense  of  that  power  which  is  already  so  exhausted.  Of  all  means  of 
exciting  action,  this  is  certainly  the  least  economical. 

In  such  extreme  cases  the  use  of  chloroform,  as  a  rule,  is  not  admissible,  or  at 
any  rate  not  advisable.1  Although  doubtless,  under  ordinary  circumstances,  it  con- 
sider-ably mitigates  the  shock  of  an  operation;  yet  in  these  cases,  as  just  stated,  the 
shock  is  already  greatly  reduced,  and  chloroform  cannot  be  safely  administered  to  a 
patient  so  depressed.  More  than  once  I  have  watched  the  feeble  and  irregular 
pulse  altogether  disappear  as  chloroform  was  inhaled,  and  revive  again  when  it  was 
discontinued.  Moreover,  the  grand  reason  for  its  employment  is  wanting;  for  a 
person  in  a  state  of  collapse,  from  the  great  exhaustion  of  the  functions  of  the 
nervous  system,  is  scarcely  conscious  of  pain. 

William  Scovell  Savory. 

1  There  is,  however,  some  difference  of  opinion  on  this  point.  See  the  carefully  written 
essay  on  Shock,  by  Mr.  Furneaux  Jordan,  British  Medical  Journal,  1867,  vol.  i.  p.  282. 
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BURNS  and  scalds  are,  beyond  all  comparison,  the  most  commonly  fatal  injuries 
■which  occur  in  civil  life ; 1  and  the  liability  to  this  accident  appears  to  have 
been  largely  increased  of  late  years,  by  the  extended  use  of  steam  machinery,  the  in- 
vention and  universal  employment  of  lucifer-matches,  and  the  nature  of  the  modern 
materials  and  fashion  of  female  dress.  They  are  also,  of  all  accidents,  those  which 
involve  the  most  agonising  pain  and  the  most  protracted  suffering ;  and  they  fre- 
quently condemn  the  unhappy  patient  to  a  lifelong  mutilation  of  the  most  repulsive 
and  distressing  kind  :  they  are  surrounded  in  every  period  of  their  course  by  dangers 
against  which  constant  precaution  must  be  taken  :  they  require  sedulous  attention 
to  procure  the  healing  of  vast  ulcerated  surfaces,  to  prevent  deformity,  to  support  the 
patient's  strength,  to  obviate  or  cure  visceral  mischief :  and  they  often  offer  most 
gratifying  rewards  to  skill  and  patience,  even  in  cases  where  ulceration  has  been 
pronounced  incurable,  or  deformity  condemned  as  irremediable.  For  all  these 
reasons  they  deserve  a  more  attentive  consideration  than  they  usually  receive  from 
either  students  or  practitioners  of  surgery. 

Dupuytren's  2  classification  of  burns  into  six  degrees,  according  to  the  depth  of 
the  burn  at  its  deepest  part,  is  the  one  which  is  now  usually  followed. 

The  first  degree  (scorch  or  simple  erythema)  is  characterised  by  mere  superficial 
redness,  fading  without  any  definite  edge  into  the  natural  skin,  and  by  a  tingling 
sensation,  and  often  intense  tenderness  to  the  touch.  The  injuries  of  this  kind  which 
surgeons  have  to  treat  (for  the  slighter  cases  are  seldom  brought  under  medical  care) 
are  often  very  extensive  :  being  produced  by  the  sudden  and  transient  application  of 
flame  over  a  great  part  of  the  body,  as  in  explosions  of  gas.  They  are  then  very 
grave  accidents  from  the  depressing  influence  which  is  exerted  upon  the  brain  and 
heart,  although  in  all  such  cases  the  local  injury  is  not  formidable,  since  no  sloughing 
is  to  be  apprehended.  The  epidermis  will  remain  to  protect  the  surface  of  the  true 
skin  till  a  fresh  layer  is  produced,  when  it  separates,  and  the  case  is  at  an  end. 

The  second  degree  is  characterised  by  the  formation  of  vesicles  or  bullae.  The 
local  injury  has  been  carried  a  little  farther,  and  the  sudden  afflux  of  blood  to  the 
surface  of  the  cutis  has  been  relieved  by  the  transudation  of  the  serum  from  its 
vessels.  Here  the  skin  is  in  more  danger  than  in  the  former  case,  since  the  detached 
epidermis  is  very  liable  to  be  peeled  off,  especially  in  extensive  scalds,  where  the 
detachment  is  often  very  considerable,  and  where  it  is  not  rare  to  see  a  glove  of 
epidermis  separate  from  the  hand  or  foot  of  a  patient,  just  as  it  does  from  a 
macerated  subject. 

In  the  third  degree  of  burns  the  true  skin  is  destroyed  in  a  part  of  its  thickness  : 
in  the  fourth  degree,  the  whole  of  the  true  skin  is  destroyed  and  the  subcutaneous 
cellular  tissue  more  or  less  involved.  It  is  a  matter  of  importance  to  distinguish 
these  two  varieties  from  each  other,  in  reference  to  the  qiiestion  of  the  probability  of 
resulting  deformity  ;  but  it  must  be  confessed  that  it  is  not  always  possible  at  first. 
The  surface  in  both  is  burnt  dead,  and  is  hard,  tough,  parchment-like,  mottled  with 
the  debris  of  the  blood  which  was  contained  in  the  tissues,  and  varying  in  colour  in 

1  Mr.  Crompton  quotes  the  following  statement  from  the  Registrar-General's  report  for 
1845:  '  Whilst  3,805  persons  were  killed  in  one  year  by  every  kind  of  mechanical  injury,  in 
the  same  period  3,057  were  lost  by  fire,  viz.  148  by  explosions,  2,577  by  bums,  and  332  by 
scalds.' — Trans,  of  the  Provincial  Med.  and  Sur;/.  Ass.  vol.  xviii.  p.  ly. 

~  Lecons  orales,  &c,  Paris,  1839,  vol.  iv.  p.  508. 
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different  cases:  this  variation  depending  either  upon  differences  in  the  agent  by 
which  the  accident  has  been  produced,  or  upon  other  causes  difficult  of  determination. 
Beneath  this  eschar  lies,  in  the  former  case,  the  deeper  part  of  the  cutis,  not  dis- 
organised, but  in  the  commencing  stage  of  the  inflammation  which  is  a  necessary 
consequence  in  the  separation  of  the  slough  ;  in  the  latter,  merely  the  loose  subcu- 
taneous cellular  tissue,  which  is  itself  in  most  cases  somewhat  frizzled  by  the  heat. 
The  cellular  tissue  therefore  generally  contracts  to  some  extent,  so  that  the  skin 
around  the  eschar  is  more  puckered  in  the  severer  than  in  the  less  serious  injury  ; 
and  the  eschar  also  in  the  former  has  a  denser  and  more  parchment-like  appearance 
than  in  the  latter.  It  is  difficult  to  give  an  idea  of  this  by  description ;  but  those 
who  are  familiar  with  these  injuries  soon  acquire  a  tolerable  idea  of  the  depth  of  the 
eschar  from  its  outward  aspect.  If  the  true  skin  is  involved  to  any  extent,  it  is  best 
to  give  a  guarded  answer  when  consulted  as  to  the  probability  of  deformity  resulting, 
at  least  until  the  separation  of  the  slough  enables  us  to  judge  of  the  depth  of  the 
mischief.  When  the  whole  skin  is  destroyed,  it  is  only  by  the  greatest  care  that 
contraction  can  be  prevented  ;  and  when  the  destruction  involves  any  large  portion 
of  it,  some  amount  of  contraction  is  inevitable. 

In  the  fifth  degree  of  burns  more  or  less  of  the  parts  below  the  subcutaneous 
areolar  tissue  is  destroyed.  These  deeper  burns  are  far  less  common,  and  the  total 
carbonisation  of  a  member,  which  constitutes  Dupuytren's  sixth  degree,  is  fortunately 
hardly  ever  met  with,  except  occasionally  in  the  fingers  and  toes,  since  in  thicker 
parts  it  requires  exposure  to  the  flame  for  a  period  which  almost  involves  the  neces- 
sity of  the  patient  having  been  utterly  insensible,  01  forcibly  hindered  from  moving 
his  limb,  as  in  the  case  quoted  by  Dupuytren  from  Roche,  where  a  young  man  had 
his  leg  jammed  into  a  vessel  of  molten  metal,  from  which  he  could  not  extricate  it. 
In  these  deep  burns  the  surface  is  utterly  insensible,  charred,  and  brittle.  The  skin 
is  sometimes  shrivelled  up,  allowing  the  dried  fascia?  or  tendons  to  be  seen  through 
it ;  and  the  parts  so  charred  may  be  broken  away  without  pain  to  the  patient.  In 
the  burns  of  the  highest  degree,  any  part  or  the  whole  member  may  be  removed 
within  the  area  of  the  burn  without  the  patient  being  conscious  of  it. 

JEbwhgy. — The  causes  of  burns  and  scalds  exercise  some  influence  on  the  progress 
of  the  case,  and  consequently  should  always  be  taken  into  account  in  the  prognosis. 
The  most  common,  and  unfortunately  also  one  of  the  most  fatal,  accidents  of  this 
nature,  is  the  prolonged  application  of  flame  to  a  large  part  of  the  body  by  the 
clothes  catching  fire.  The  sudden  explosion  of  gases  is  another  common  injury ; 
and,  however  superficial  such  burns  may  be,  they  should  never  be  looked  upon 
lightly,  as  the  extensive  interference  with  the  functions  of  the  skin  which  is  thus 
caused  is  liable,  as  we  shall  presently  see,  to  be  followed  by  grave  consequences,  even 
in  cases  which  do  not  prove  immediately  fatal  from  the  shock  and  pain  of  the  acci- 
dent. The  contact  of  molten  and  red-hot  metals,  and  of  substances  at  a  high 
temperature,  which  also  act  chemically  on  the  tissues,  is  a  cause  of  very  deep  burns, 
which  are  sure  to  be  followed  by  sloughing.  In  explosions,  the  mechanical  violence 
done  to  the  part  has  also  to  be  taken  into  account ;  and  in  those  of  gunpowder  we 
must  remember  that  the  unconsumed  grains  of  the  powder  are  projected  into  and 
stick  in  the  skin,  conjunctiva,  &c,  and  should  be  removed  when  practicable. 

The  heat  of  the  sun,  '  insolation,'  as  Dupuytren  terms  it  sometimes,  especially  in 
the  Tropics,  produces  extensive  burns  of  the  first  or  second  degree. 

Scalds  are  usually  less  severe  accidents  than  burns,  as  the  heated  fluid  generally 
remains  only  a  short  time  in  contact  with  the  part ;  so  that  many  of  them  escape 
sloughing.  Their  extent,  however,  often  compensates,  as  it  were,  for  their  super- 
ficiality ;  and  special  circumstances  render  certain  scalds  even  more  deadly  than  the 
other  varieties  of  these  frightful  injuries.  I  allude  especially  to  those  scalds  of  the 
laiynx  which  are  not  uncommon  in  infants  from  swallowing  boiling  water,  or  inhal- 
ing steam  from  the  spout  of  a  kettle  (see  Injuries  of  the  Neck). 

Very  deep  and  formidable  injuries  are  often  produced  in  manufactories  by 
persons  falling  into,  or  being  scalded  by,  liquids  denser  than  water,  and  which 
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retain  their  fluidity  at  a  point  higher  than  that  at  which  water  boils.  These  dense 
fluids  seem  to  adhere  to  the  skin,  and  run  down  it,  causing  a  sort  of  serpiginous 
sloughing  idcer,  very  difficult  to  heal  on  exposed  surfaces,  and  which  is  liable  to 
follow  the  flexures  of  the  limbs,  when  it  is  apt  to  be  succeeded  by  adhesions  limiting 
their  motion. 

Another  point  of  importance  in  reference  to  the  causes  of  burns  is,  that  various 
bodily  conditions,  principally  connected  with  morbid  states  of  the  brain,  often  occa- 
sion the  accident.  Thus  epilepsy,  apoplexy,  fainting  fits,  and  such-like  affections, 
are  very  common  causes  of  burns.  Drunkenness,  also,  is  a  frequent  occasion  of  this, 
as  of  every  other  accident,  and  is  very  liable,  under  the  combination  of  prostration 
and  pain  which  follows  a  severe  burn,  to  give  rise  to  delirium  tremens. 

As  to  the  so-called  '  spontaneous  combustion,'  I  must  refer  the  reader  to  the 
'  Lecons  Orales.' 1  Dupuytren  believes  that  in  very  fat  persons,  insensible  from 
drunkenness  and  the  fumes  of  charcoal,  the  whole  body  may  be  gradually  consumed 
if  the  clothes  should  accidentally  take  fire ;  and  that  this  is  the  foundation  for  such 
stories. 

Finally,  I  may  add  that  burns  are  sometimes  produced  by  the  action  of  lightning; 
but  the  whole  subject  of  accidents  from  lightning  will  be  considered  further  on. 

Prognosis. — The  prognosis  in  burns  and  scalds  depends  in  general  on  the  age  of 
the  patient,  the  extent  of  the  injury,  and  its  depth  ;  and  the  importance  of  these 
particulars  may  be  estimated  in  the  order  in  which  I  have  stated  them.  Children 
are  peculiarly  liable  to  the  numerous  secondary  visceral  complications  of  burns,  and 
are  especially  ill -calculated  to  resist  them  ;  and  it  need  hardly  be  said  that  the  oppo- 
site extreme  of  life  is  a  condition  in  which  its  impending  termination  is  liable  to  be 
hastened  by  any  injury,  however  slight.  Hence,  in  both  the  prognosis  is  unfavour- 
able. The  extent  of  surface  involved  is  a  very  essential  feature  in  the  case.  Even 
when  the  burn  is  only  of  the  first  or  second  degree,  the  shock  of  the  application  of 
fire  to  a  large  surface,  and  the  intolerable  pain  which  it  occasions,  renders  the  prog- 
nosis doubtful ;  and  where  the  substance  of  the  cutis  is  involved  over  a  large  part 
of  the  body,  and  suppuration  must  take  place  along  the  whole  extent  of  the  wound, 
the  chance  of  recovery  is  very  small.  The  situation  of  the  injury  and  the  length  of 
time  which  has  elapsed  must  also  be  taken  into  account.  Burns  and  scalds  of  the 
chest  are,  of  all  others,  the  most  fatal,  particularly  in  children  ;  those  of  the  abdomen 
are  often  followed  by  peritonitis,  those  of  the  neck  by  laryngeal  inflammation. 
Burns  of  the  scalp  are  liable  to  erysipelas  and  diffuse  inflammation,  but  are  not,  as 
far  as  I  have  observed,  so  often  followed  by  cerebral  mischief  as  we  should  have 
expected.  The  lapse  of  time  is  always  a  favourable  feature  in  the  case,  since  the 
mortality  from  burns  exhibits  a  progressive  decline  as  we  advance  farther  from  the 
accident. 

Besides,  however,  the  question  of  life  and  death,  there  is  the  very  important  con- 
sideration of  the  probability  of  permanent  deformity. 

Symptoms. — The  first  and  most  prominent,  and  perhaps  also  the  most  important, 
symptom  in  a  burn,  is  pain.  No  other  of  the  many  terrible  injuries  which  it  is  the 
duty  of  surgeons  to  study  approaches  these  in  painfulness ;  and  it  is  a  merciful 
provision  of  nature  which  renders  the  prolongation  of  life  impossible  under  the 
torture  of  a  very  extensive  and  deep  burn.  In  cases  somewhat  milder  than  these 
the  pain  varies  very  much,  both  in  severity  and  duration,  in  different  persons  and  in 
different  degrees  of  the  injury.  As  a  general  rule,  the  deeper  kinds  of  burn  are  not 
so  painful  as  those  in  which  a  portion  of  the  true  skin  has  been  involved,  but  yet  the 
sensibility  of  the  organ  of  touch  has  not  been  exhausted  by  the  carbonisation  of  its 
whole  thickness.  The  pain,  however,  in  almost  every  case  is  very  severe,  and  ought,  at 
least  in  adults,  to  be  promptly  met  by  the  exhibition  of  an  adequate  dose  of  opium, 
before  any  other  measure  is  taken.  It  will  usually  subside  rapidly  after  this 
(although  it  seldom  disappears),  on  the  application  of  some  of  the  non-conducting 

1  Loc.  cit.  p.  513. 
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substances  in  common  use  as  dressings,  but  occasionally  resists  all  such  means,  and 
requires  fresh  doses  of  opium,  sometimes  often  repeated.  In  burns  confined  to  a 
limited  spot  no  other  symptoms  are  produced  besides  the  pain  and  local  injury,  ex- 
cept some  temporary  quickening  of  the  circulation  from  excitement ;  but  it  is  not  of 
these  that  I  wish  to  speak  here,  so  much  as  of  those  which  Mr.  Crompton  1  calls 
'  constitutional  burns.'  Here  the  effect  on  the  general  system  is  shown  at  once  by 
extreme  prostration  (especially  if  the  pain  have  been  intense  and  long-continued), 
pallor,  and  a  peculiar  terror,  which  frequently  lasts  some  time  in  children.  Delirium 
is  often  an  immediate  consequence  of  the  accident.  Rigors  very  frequently  occur, 
and  mark  a  severe  form  of  the  injury,  The  intolerable  heat  of  the  burnt  part  is  soon 
replaced  by  a  distressing  chilliness,  the  consequence  probably  of  suspended  or  ob- 
structed circulation.  The  pulse  is  quick  and  weak,  the  tongue  and  mouth  often 
dry,  and  thirst  great.  These  latter  symptoms  are  more  severe,  and  great  dysphagia 
may  exist,  when,  as  is  often  the  case,  the  flame  has  passed  into  and  scorched  the 
mucous  membrane  of  the  mouth  and  pharynx. 

In  this  stage  of  collapse  the  patient  often  dies  without  making  any  effort  at  rally- 
ing. Death  is  sometimes  ushered  in  by  convulsions  or  delirium  j  at  others  the  func- 
tions of  the  great  nervous  centres  remain  unimpaired,  or  the  congestion  of  the  brain 
is  manifested  by  drowsiness,  and  occasionally  by  vomiting. 

This  stage  of  prostration,  or  of  congestion,  as  it  has  most  appropriately  been 
termed,  lasts  a  variable  time  (two  days  being  arbitrarily  assumed  as  its  limit,  a 
limit  which  exceeds  the  reality  in  ordinary  cases),  and  is  followed  by  a  period  of  re- 
action, in  which,  if  at  all,  acute  inflammation  is  to  be  apprehended.  There 
is  now  often  some  degree  of  general  fever,  but  this  is  by  no  means  a  constant 
symptom.  The  bowels  are  generally  constipated  at  first,  and  this  constipa- 
tion in  many  instances  soon  gives  place  to  diarrhoea.  Vomiting  often  persists 
and  sometimes  exhausts  the  patient.  This  symptom,  combined  with  diarrhoea  and 
blood  in  the  motions,  is  usually  considered  symptomatic  of  ulceration  in  the  duode- 
num. Diarrhoea  by  itself  is  a  very  uncertain  indication  of  any  precise  anatomical 
lesion ;  it  is,  however,  a  symptom  by  no  means  to  be  neglected,  as  it  seems  fre- 
quently to  exhaust  the  strength  with  a  rapidity  more  than  proportioned  to  its 
apparent  violence.  When  it  is  not  accompanied  by  mechanical  lesion  of  the  gut,  or 
acute  enteritis,  it  is  usually  under  the  control  of  astringents,  which  should  be  com- 
bined with  laudanum  and  alcoholic  stimulants.  When  thoracic  inflammation  occurs, 
it  is  generally  about  this  pei-iod  :  its  symptoms  are  very  frequently  obscure  ;  limited, 
perhaps,  to  slight  cough  and  dyspnoea,  even  when  the  lungs  are  extensively  hepa- 
tised.  Sometimes,  however,  when  the  pleura  is  affected,  especially  by  the  irritation 
of  a  burn  on  the  chest,  the  pain  is  very  severe.  The  sloughs  which  form  in  the 
deeper  burns  are  now  separating,  and  the  discharge  from  them  adds  to  the  weakness 
which  is  characteristic  of  all  periods  of  these  injuries,  more  especially,  however,  the 
first  and  last.  Haemorrhage  sometimes  occurs  on  the  separation  of  the  sloughs  when 
they  are  in  the  vicinity  of  large  vessels,  or  even  earlier,  from  the  force  of  the  blood 
breaking  through  the  charred  tissues,  and  may  prove  fatal ;  but  arterial  haemorrhage 
is  very  rare  in  burns.  The  cause  of  this  rarity  is,  doubtless,  that  the  lai-ge  arteries 
lie  under  the  protection  of  strong  fasciae,  which  are  very  seldom  burned  through, 
except  in  injuries  so  severe  as  to  destroy  life  before  the  time  at  which  haemorrhage 
would  come  on. 

The  limits  which  separate  the  second  period,  that  of  reaction  and  inflammation, 
from  the  third,  that  of  exhaustion  or  suppuration,  are  even  more  arbitrary  than 
those  which  mark  the  passage  from  congestion  to  inflammation.  I  shall  follow  other 
writers  in  taking  the  end  of  the  second  week  as  the  termination  of  the  second  period 
for  statistical  purposes  ;  but  it  must  be  understood  that  in  each  individual  case  the 
third  stage  is  reached  after  the  sloughs  have  separated,  and  the  process  of  suppura- 
tion has  become  fairly  established,  from  the  whole  surface  of  the  wound.  In  this 
third  period,  internal  inflammations,  though  not  so  frequent  as  in  the  second,  are  by 


1  Loc.  ext.. 
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no  means  rare.  They  are  still  more  decidedly  of  the  asthenic  form,  and  are  often 
entirely  latent,  being  revealed  from  time  to  time  in  the  post-mortem  examination  of 
patients  who  appear  to  have  snnk  from  pure  exhaustion.  The  general  symptoms  are 
usually  those  of  weakness  merely  ;  sometimes  the  bowels  continue  irritable  for  a 
considerable  time  ;  occasionally,  in  children,  convulsions  come  on  at  a  late  period  of 
the  case  when  none  had  occurred  earlier.  The  various  complications  to  which  these, 
like  other  wounds,  are  subject,  may  come  on  at  any  period.  Tetanus,  erysipelas, 
and  diffuse  inflammation  are  not,  as  far  as  I  have  observed,  more  frequent  complica- 
tions of  these  than  of  other  accidents  :  while  pyaemia  is  decidedly  rare.  As  the  case 
progresses,  the  local  phenomena  gain  in  relative  importance  upon  the  constitutional, 
until  at  length  an  old  burn  terminates  as  a  case  merely  of  vicious  cicatrisation  or 
obstinate  ulcer.  In  this  stage  it  may  last  an  indefinite  time,  or  remain  absolutely 
incurable. 

Burns  are  liable  to  prove  suddenly  fatal  at  all  periods  of  their  course,  though 
this  accident  becomes  more  rare  as  the  injury  becomes  more  remote.  The  most 
common  cause  of  sudden  death  at  the  commencement  of  the  case  is  convulsions  in 
children,  in  whom  this  complication  is  usually,  if  not  solely,  observed.  After  the 
fourth  or  fifth  day,  death  may  be  produced  suddenly  by  an  ulcer  of  the  duodenum 
perforating  an  artery1  or  the  peritonaeum.  Some  rare  cases  prove  fatal  at  various 
periods  from  causes  which  baffle  pathological  inquiry.  In  some  of  those  cases  ulcers 
of  the  duodenum  have  been  found,  and  vomiting  has  preceded  death  :  but  this 
hardly  accounts  for  the  rapidly  fatal  and  unexpected  seizure. 

Pathology  and  Treatment. — The  treatment  of  burns  divides  itself  naturally  into 
two  very  different  parts,  the  local  and  the  constitutional.  The  former  is  best  deter- 
mined by  experience,  and  by  attention  to  the  general  rules  of  surgery  ;  for  the  latter 
a  knowledge  of  the  remote  consequences  of  these  injuries  is  required,  which  can  only 
be  obtained  by  post-mortem  investigation. 

The  pathology  of  burns  has  been  more  closely  studied,  and  the  importance  of  the 
remote  lesions  which  they  produce  in  the  viscera  has  been  more  accurately  appre- 
ciated, since  Dupuytren  2  called  the  attention  of  the  profession  to  the  prevalence  of 
inflammation  of  the  gastro-intestinal  mucous  membrane,  and  Mr.  Long  3  gave  pre- 
cision to  this  observation  by  pointing  out  the  rdceration  of  the  duodenum  which  so 
frequently  accompanies  severe  burns.  The  only  pathological  researches,  however, 
with  which  I  am  acquainted,  which  are  at  once  accurate  and  extensive,  are  those  of 
Mr.  Erichsen,4  who  has  tabulated  fifty  fatal  cases  of  burns  and  scalds  in  order  to 
determine  the  organs  most  frequently  affected  in  each  degree  and  period.  I  have 
combined  with  this  valuable  table  another  similar  table  in  my  own  possession,  com- 
piled from  the  case-books  of  St.  George's  Hospital,  and  containing  a  full  account  of 
the  history  and  post-mortem  appearances  in  seventy-five  fatal  cases. 

As  the  method  and  principal  cause  of  death  is  a  point  of  the  greatest  importance 
to  ascertain,  in  order  to  determine  the  general  direction  which  our  treatment  should 
take,  I  have  examined  the  notes  of  those  seventy-five  cases  with  a  view,  if  possible, 
of  deciding  this  point.  Mr.  Erichsen's  table  does  not  contain  the  symptoms  during 
life,  and  is  therefore  not  available  for  this  purpose. 

Seven  cases  must  be  deducted,  in  which  the  history  does  not  enable  us  to  draw 
any  positive  conclusion,  or  where  the  patient  died  of  some  other  disease.  The 
following  table  will  show  the  causes  of  death  in  the  remaining  68  cases. 


34  seemed  to  die  from  general 
causes,  viz.  : — 


9  of  shock  ;  all  within  two  days. 
17  of  exhaustion ;  five  during  the  first  week. 
3  of  erysipelas ;  all  burns  of  the  scalp. 
3  of  pyaemia — one  dubious. 
2  of  tetanus. 


1  See  the  illustration  on  p.  395.  2  Op.  cit,  pp.  521-525. 

3  London  Medical  Gazette,  Feb.  1840.         4  London  Medical  Gazette,  Nos.  789,  790. 
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34  from  the  effect  of  local 
lesions,  viz.  : — 


11  of  cerebral  complications;  all  children — 9  under  5 
years  of  age. 

6  of  laryngitis — 5  children.    Tracheotomy  was  per- 
formed in  two  cases. 

12  of  thoracic  complications;  all  were  burns  of  the 
chest. 

4  of  abdominal  lesions  ;  2  from  hsemorrhage  in  duo- 
denal ulcers. 

1  of  hsemorrhage  from  the  carotid  artery,  in  a  burn 
of  the  back  of  the  throat  with  a  red-hot  poker  in  a 
I     juggling  trick. 

The  above  facts  show  how  much  more  common,  especially  in  adults,  is  death 
from  shock  and  from  exhaustion  than  from  any  internal  inflammation,  and  how 
nugatory  antiphlogistic  measures  and  severe  regimen  must  be,  which  are  directed 
sigainst  apprehended  inflammation.  The  actively  fatal  inflammations  of  the  perito- 
naeum, pleura,  and  lung  are  hardly  ever  met  with,  except  in  lesions  of  the  parietes 
which  enclose  them.  Adults  hardly  ever  die  of  any  other  cerebral  affection  after 
burns  than  delirium  tremens. 

Pathology  of  the  Jirst  period.  —  Of  the  cases  of  burn  that  prove  fatal,  a  great 
majority  die  in  the  fir&t  ptriod  of  the  disease — that  is,  in  the  first  two  days  after  the 
injury  ;  often  before  there  has  been  time  for  the  occurrence  of  inflammation.1 

Out  of  the  125  cases  examined  after  death,  there  were  35  which  died  in  the  first 
two  days,2  and  of  these  cases  there  was  only  one  where  the  brain,  if  examined,  was 
not  found  congested  :  but  the  brain  was  only  opened  in  about  half  the  cases.  Con- 
gestion of  the  lungs  was  found  in  about  half  of  the  35,  and  inflammation  had 
commenced  in  4  cases.  Congestion  of  the  abdominal  viscera  existed  in  15  instances, 
in  one  to  such  an  extent  as  to  produce  extravasation  beneath  the  mucous  membrane 
of  the  caecum.  Congestion  of  the  pharynx  and  larynx  is  also  extremely  common, 
the  former  often  ceasing  abruptly  at  the  commencement  of  the  oesophagus,  and  in 
some  cases  inflammatory  effusion  is  found  about  the  fauces.  In  burns  and  scalds 
which  affect  the  larynx,  death  often  occurs  early  from  spasm  or  oedema  of  the  glottis  : 
but  for  the  symptoms  and  treatment  of  this  formidable  injury  the  reader  is  referred 
to  the  article  on  Injuries  of  the  Neck. 

So  much  for  the  post-mortem  appearances  in  the  first  period.  What  indications 
are  to  be  drawn  from  them '(  The  existence  in  all  the  most  important  viscera  of 
extreme  congestion,  which  passes  on  very  rapidly  to  inflammation,  may  be,  and  has 
been,  take»  to  be  an  indication  for  so-called  '  antiphlogistic '  measures ;  but  I  never 
saw  a  case  in  which  any  such  measures  were  adopted  or  even  contemplated.  Diffu- 
sible stimulants  afford,  I  believe,  the  means  most  likely  to  succeed  in  arousing  the 
powers  of  the  circulation,  and  restoring  the  succession  of  those  vital  changes  in  the 
great  nervous  centres  on  which  the  patient's  chance  of  surviving  depends.  The  de- 
pression, coldness  of  the  surface,  and  sinking,  should  be  combated  by  warmth  to  the 
surface,  generous  diet,  and  small  but  frequently-repeated  doses  of  alcoholic  stimulants 
and  ammonia.  These  must  of  course  be  given  cautiously,  since  sthenic  inflammation 
of  the  thoi'acic  viscera  may  supervene ;  but  they  may  be  pushed  till  the  strength  of 
the  pulse  rises  to  the  standard  of  health  ;  and  as  it  does  this,  its  frequency  will 
probably  be  found  to  diminish.  Opium  is  of  great  service  in  the  period  of  pain, 
terror,  and  depression  which  follows  severe  burns  in  adults,  and  may  be  given  liber- 
ally. In  children,  in  whom  the  tendency  to  congestion  of  the  brain  is  so  marked,  it 
should  be  used  cautiously,  but  is  usually  necessary. 


1  I  have,  however,  notes  of  several  cases  in  which  effusion  of  lymph  was  found  the  day 
after  the  accident. 

-  These  figures  do  not  represent  the  real  proportion  of  cases  which  die  during  the  first 
period,  for  of  119  consecutive  cases  in  which  no  post-mortem  examination  was  made,  79  died 
during  the  first  two  days.  Thus  of  244  fatal  cases,  114,  or  nearly  half,  died  during  the 
period  of  shock. 
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Pathology  of  the  second  period. — The  second  period  is  more  peculiarly  that  of  in- 
flammation, and  is  usually  held  to  commence  at  the  end  of  the  second  day,  and  to 
extend  to  the  end  of  the  second  week.  Fifty -four  out  of  our  125  cases  died  during 
this  period.  Congestion  of  the  brain  was  found  in  seventeen  cases,  in  six  of  which 
there  was  serous  effusion,  but  no  evidence  of  inflammation  in  any.  The  brain  was 
often  left  unexamined,  there  having  been  no  cerebral  symptoms.  Inflammation  of 
the  lungs  or  pleura  was  found  in  twelve,  and  congestion  of  the  lungs  in  fifteen  others. 
The  post-mortem  appearances  in  the  abdominal  organs  were  limited  to  the  intestines, 
and  usually  to  the  duodenum.  Ulceration  of  the  duodenum  was  found  in  ten  cases 
out  of  the  fifty-four — the  earliest  death  being  on  the  fourth  day.  In  two  other 
cases,  the  duodenum  was  not  ulcerated,  but  other  parts  of  the  bowel  were.  In 
three  other  cases,  the  glands  of  the  duodenum  were  enlarged,  and  in  one  of  these 
the  glandular  enlargement  affected  the  whole  intestinal  tract.  The  intestines  were 
also  frequently  found  congested. 

The  whole  subject  of  abdominal  lesions  will  be  resumed  further  on,  with  the 
pathology  of  the  third  period.  It  will  be  sufficient  for  the  present  purpose  to  state 
that,  of  the  cases  in  which  ulceration  occurred,  it  was  unaccompanied  by  general  in- 
flammatory symptoms  in  any  instance  ;  and  that  where  it  caused  death,  that  result 
was  occasioned  by  haemorrhage. 

On  consideration  of  the  symptoms  which  accompany  these  inflammations,  it  must 
be  allowed  that  they  contra-indicate  the  use  of  active  depletion,  and  that  the  object 
of  our  treatment  should  be  rather  to  support  the  patient's  strength,  and  enable  him 
to  live  through  the  local  action  which  is  probably  inevitable.  Care,  of  course,  should 
be  taken  not  to  over-feed  or  over-stimulate  a  patient  with  inflammation  of  the  lungs 
or  bowels  ;  but  in  these,  as  in  all  other  cases  in  which  inflammation  follows  injury, 
the  general  treatment  should  be  guided  by  the  general  symptoms,  and  especially  by 
the  tongue,  the  pulse,  and  the  state  of  the  skin ;  and  if  the  pulse  is  weak,  and  the 
surface  cold,  stimulants  should  be  prescribed,  with  generous  diet  if  the  condition  of 
the  tongue  allows  of  it,  even  though  the  patient  is  known  to  be  affected  with  thoracic 
or  abdominal  inflammation ;  while  in  the  opposite  state  of  the  system  it  may  be 
proper  to  pursue  the  antiphlogistic  regimen.  The  surgeon  must  be  guided  in  this, 
as  in  so  many  other  matters,  more  by  common  sense,  and  a  competent  knowledge  of 
the  principles  of  his  art,  than  by  rule  and  theory.  In  the  practice  of  our  metropolitan 
hospitals  we  have  frequent  opportunities  of  witnessing  the  success  of  the  stimulating 
treatment,  even  in  cases  of  acute  visceral  inflammation ;  and  such  treatment  has 
now  become  common  in  the  hands  of  many  of  our  best  physicians;  while  in  a 
different  air,  and  among  people  of  a  different  constitution,  the  antiphlogistic  plan 
may  be  indicated,  and  may  prove  successful.  Experience  and  tact  will  decide  the 
question  in  each  case ;  but  there  can  be  little  danger  in  asserting  that  depletion  is 
not  likely  to  obviate  ulceration  in  persons  of  weak  constitution  and  irritable  circu- 
lation ;  and  that,  as  far  at  least  as  the  abdominal  complications  are  concerned, 
they  are  more  under  the  control  of  stimulants  combined  with  opium.  The  thoracic 
inflammations  are  still  more  difficult  to  deal  with.  I  have  notes  of  a  case  in  which 
fatal  pleurisy  supervened  directly  after,  and  very  probably  in  consequence  of,  free 
stimulation,  which  nevertheless  was  necessitated  by  the  general  condition  of  the 
patient ;  while,  on  the  other  hand,  my  notes  tell  of  several  cases  in  which,  notwith- 
standing the  known  presence  of  inflammation  of  the  thoracic  viscera,  it  was  im- 
possible to  use  depletion  on  account  of  the  patient's  debility.  Local  antiphlogistic 
measures,  combined  with  general  stimulants,  offer  the  best  prospect  of  success  in 
these  difficult,  and  generally  unsatisfactory  cases.  I  have  seen  instances  in  which 
some  good  seemed  to  result  from  the  combination  of  moderate  doses  of  tartar-emetic 
with  the  stimulating  regimen. 

Pathology  of  the  third  period. — If  we  pass  now  to  the  third  period — that  which 
is  called  the  period  of  suppuration  or  exhaustion — we  shall  find  that  the  causes  of 
death  are  by  no  means  limited  to  the  exhaustion  either  of  profuse  discharge  or  of 
protracted  suffering,  but  that  inflammation  enters  largely  into  the  category.  Thirty- 
six  out  of  our  1 25  cases  died  during  this  period. 
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The  lesions  of  the  brain  are  not  very  important,  and  are  in  fact,  so  to  speak, 
accidental,  being  limited  almost  entirely  to  cases  of  infantile  convulsions  and  pyaemia. 
I  shall  therefore  dismiss  them  as  requiring  no  special  consideration.  • 

The  chest  is  more  frequently  affected,  and  this  affection  is  a  very  frequent  cause 
of  death.  It  occurs  chiefly  when  the  injury  has  affected  the  walls  of  the  thorax. 
Lesions  of  the  lungs  and  pleura  were  noted  in  sixteen  cases ;  and  in  eight  of  these 
the  inflammation,  if  not  the  sole,  was  at  any  rate  a  principal,  cause  of  death.  The 
diagnosis  of  the  presence  of  thoracic  inflammation  is  not  always  easy,  since  the  burn 
is  usually  situated  on  the  chest,  and  precludes  the  possibility  of  physical  examination; 
but  hacking  cough,  bloody  sputa,  or  pain  in  the  chest,  will  direct  attention  to  the 
lungs  or  pleura,  and  set  the  surgeon  on  his  guard.  The  indications  for  treatment, 
however,  are  perplexing  in  the  extreme,  since  weakness  is  a  more  prominent  feature 
than  in  the  second  period.  Indeed,  all  means  of  treatment  will  usually  fail,  and  if 
the  inflammation  is  extensive  the  case  must  be  looked  upon  as  almost  hopeless. 

Lesions  of  the  abdominal  viscera  are  frequently  met  with  during  the  third  period 
of  burns.  Out  of  the  thirty-six  cases  proving  fatal  during  this  period,  there  were 
six  in  which  open  ulcers  were  found  in  the  duodenum,  one  in  which  a  similar  ulcer 
was  found  cicatrised,  one  in  which  the  whole  mucous  membrane  of  the  small  intestines 
was  found  inflamed,  but  not  ulcerated,  and  one  in  which  the  duodenal  glands  were 
found  enlarged. 

Intestinal  ulceration  is  a  sufficiently  common  phenomenon  in  every  period  of 
burns  and  scalds.  Of  the  125  miscellaneous  fatal  cases  from  which  this  account  has 
been  compiled,  sixteen  presented  ulceration  in  the  duodenum,  five  of  which  died 
during  the  first  week  (four  days  being  the  earliest  period),  five  in  the  second  week, 
and  the  other  six  after  longer  periods,  one  as  late  as  the  seventy-fifth  day.  The 
patients'  ages  varied  as  much  as  the  period  of  death  :  four  were  children  of  the  ages 
of  five  and  six  ;  two  young  adults  nineteen  and  twenty-seven  years  of  age ;  two  in  the 
middle  period  of  life,  thirty-seven  and  forty-two  years  old  ;  and  two  aged  persons, 
sixty-six  and  seventy-eight  years  of  age.  The  situation  of  the  burn  was  very  various. 
In  two  cases  the  extremities  only  had  been  burnt ;  but  in  all  the  rest  some  part  of 
the  trunk  (chest  or  abdomen)  had  suffered.  The  appearance  is  that  of  a  perfectly 
indolent  ulcer;  it  is  usually  seated  just  below  the  pylorus;  often  there  are  two  or 
three  close  together ;  the  edges  of  the  ulcers  are  not  raised  nor  everted ;  there  is 
little  or  no  evidence  of  vascular  action  or  inflammatory  effusion  in  their  neighbour- 
hood ;  when  they  are  recently  formed,  they  look  simply  as  if  a  portion  of  the  mucous 
membrane  had  been  cut  out.  But  when  the  ulcer  has  penetrated  more  deeply,  so  as 
to  threaten  peiforation  of  the  gut,  lymph  may  often  be  found  effused  on  its  peritoneal 
surface  ;  a  natural  barrier,  apparently,  to  the  fatal  progress  of  the  disease.  Some- 
times the  glands  of  the  duodenum  may  be  found  enlarged ;  but  though  this  appear- 
ance is  sufficiently  common  in  all  cases  of  burn,  it  does  not  appear  that  it  is 
at  all  a  constant  accompaniment  of  those  in  which  ulceration  exists.  It  has  been 
assumed  rather  than  proved,  that  the  enlargement  of  the  glands  is  the  first  step  in 
the  ulceration. 

If  we  inquire  into  the  symptoms  of  ulceration  of  the  duodenum,  we  shall  find 
the  results  principally  negative.  In  the  large  number  of  cases  which  are  comprised 
in  these  tables,  I  can  find  no  evidence  that  the  accession  of  this  ulceration  is  an- 
nounced by  any  unmistakable  symptoms.  No  pain  appears  to  be  complained  of  in 
the  part,  nor  is  it  noticed  that  the  region  of  the  duodenum  is  tender  to  pressure. 
Diarrhoea  is  not  constantly  present,  nor  when  present  is  it  by  any  means  decisive  of 
the  point.  Vomiting  does  indeed  frequently  occur  in  the  early  stage  of  ulceration  of 
the  duodenum,  but  it  is  as  often  symptomatic  of  cerebral  or  renal 1  as  of  intestinal  or 

1  In  a  re-edition  of  this  essay  recently  published  in  America,  Dr.  Morton  says  that  in  a 
large  number  of  cases  in  which"  the  urine  has  been  examined  at  the  Pennsylvania  Hospital, 
it  has  usually  been  found  albuminous,  showing  that  congestion  of  the  kidneys  is  very  frequent 
in  the  stage  of  reaction.  According  to  this  author,  when  the  temperature  rises  to  101  i°  or 
102°  F.,  the  urine  is  almost  invariably  albuminous,  and,  on  the  temperature  falling,  the 
albumen  disappears. — Holmes's  System  of  Surgery,  edited  by  Packard.  Phil.  1881,  vol.  i. 
p.  416. 
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gastric  irritation.  We  are  therefore  left,  to  a  great  extent,  in  the  dark  as  to  the 
early  symptoms  of  this  affection  ;  and  all  that  we  are  entitled  to  say  upon  the  subject 
is,  that  the  occurrence  of  obstinate  diarrhoea  and  vomiting  should  always  direct  our 
attention  to  the  stomach  and  duodenum ;  that  careful  palpation  of  this  region  may 
sometimes  assist  our  diagnosis  :  and  that  the  presence  of  blood  in  the  evacuations  is 
strongly  confirmatory  of  it.  When  the  severe  symptoms,  which  are  occasionally 
noticed,  come  on,  intense  pain,  copious  hsematemesis  or  melsena,  distension  of  the 
abdomen,  rapid  sinking,  we  may  be  sure  that  the  ulcer  has  proceeded  to  perforate 
either  the  peritoneal  coat  of  the  gut,  or  some  considerable  vessel  (probably  the  pan- 
creatico-duodenal  artery),  and  that  the  case  is  beyond  the  reach  of  remedies.  The 
accompanying  figures  are  from  a  preparation  in  the  Museum  of  St.  George's  Hospital 

Ulceration  of  the  Duodenum  in  a  burn,  causing  death  by  haemorrhage  from  a  large  branch 
of  the  pancreatico-duodeualis  artery. 

Fig.  27. — Internal  view.  Fig.  28. — The  opposite  view  of  the 

same  preparation. 


n,  the  pylorus.  a,  the  pancreas. 

b,  the  uicer  on  the  duodenum  close  below  the  pylorus,  b,  the  artery  which  was  ulcerated. 

c,  d,  bristles  passed  through  the  artery  and  vein,  which 

are  seen  to  open  freely  on  the  ulcer. 


(Series  ix.  No.  142),  showing  a  large  branch  of  the  pancreatico-duodenal  artery 
opened  close  to  the  parent  trunk  by  an  ulcer  of  this  nature. 

The  diagnosis,  then,  of  intestinal  ulceration  being  so  obscure,  what  is  the  prog- 
nosis 1  It  was  supposed,  when  this  complication  was  first  pointed  out,  that  it  was 
necessarily  fatal ;  but  that  this  supposition  is  erroneous  is  proved  by  the  records  of 
cases  in  which  such  ulcers  have  been  found  cicatrised.  Mr.  Curling  gives  one  such 
case  ; 1  and  my  notes  contain  another.  In  the  latter  instance,  the  patient,  a  child 
set.  3^,  died  on  the  twenty-eighth  day  after  a  severe  burn  on  the  chest,  arms,  and 
thighs.  The  proximate  cause  of  death  seems  to  Lave  been  pneumonia,  combined 
with  exhaustion  from  suppuration  and  diarrhoea.  A  circular  patch  about  the  size 
of  a  fourpenny  piece  was  found  at  the  commencement  of  the  duodenum,  where  the 
mucous  membrane  was  deficient,  and  the  exposed  surface  cicatrised.  It  is  interest- 
ing, as  showing  the  uncertainty  of  diarrhoea  as  a  symptom  in  these  cases,  to  notice 
that  here  it  occurred  for  the  first  time  on  the  twenty -third  day,  when  the  ulcer  must 
have  been  nearly,  if  not  altogether,  healed.  From  the  facts,  then,  that  cicatrised 
ulcers  are  sometimes  found  in  patients  who  have  died  of  other  complications ;  that 
the  lesion  does  not  of  itself  produce  any  symptoms  of  dangerous  disturbance  of  the 
health;  and  that  it  is  frequently  discovered  in  cases  where  it  would  never  have  been 
suspected,  I  am  inclined  to  think  that  it  may  be  present  in  many  of  the  cases  which 
recover,  and  that  its  importance  in  practice  has  been  exaggerated. 


1  Med. -Chir.  Trans,  vol.  xxv.  p.  280. 
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Other  parts  of  the  intestines  are  sometimes,  although  rarely,  affected.1  My 
table  contains  only  one  case  in  which  the  jejunum  and  ileum  were  ulcerated,  the 
duodenum  being  intact.  Peritonitis  was  not  associated  with  it  in  any  case.  When 
the  serous  membrane  is  affected,  it  is  always,  as  far  as  I  can  see,  the  result  of  local 
irritation  from  burn  of  the  abdominal  parietes,  and  affects  the  low  purulent  form 
rather  than-  the  adhesive. 

Thus  it  will  be  seen  that  all  the  inflammatory  phenomena  connected  with  the 
lesions  of  the  intestines  belong  to  the  class  of  low  inflammations  ;  that  they  are  not 
ushered  in  by  any  of  the  local  or  general  symptoms  which  accompany  acute  disease ; 
and  that  when  they  prove  fatal,  it  is  by  the  secondary  consequences  of  the  ulceration 
(perforation  or  haemorrhage),  and  not  from  any  interference  with  the  function  of  the 
gut,  nor  any  impression  on  the  general  health. 

As  to  general  treatment,  the  same  observations  as  were  made  about  the  treat- 
ment of  the  second  period  apply  still  more  strongly.  The  great  object  is  to  support 
the  patient's  strength. 

Local  treatment. — The  local  treatment  of  burns  is  a  subject  on  which  many  books 
have  been  written,  and  perhaps  more  numerous  remedies  recommended  than  in  any 
other  branch  of  surgery.  The  success  which  is  said  to  have  attended  very  different, 
and  even  opposite,  modes  of  treatment  shows  that  the  authors  must  either  be  mis- 
representing the  facts  or  speaking  about  different  matters.  I  prefer  the  latter  ex- 
planation, more  especially  as  I  find  that  authors  who  have  written  to  recommend 
certain  methods  have  almost  invariably  spoken  of  burns  as  if  they  were  all  alike, 
forgetful  apparently  that  the  essential  question  in  the  local  treatment  of  a  burn  is 
its  depth,  or  degree,  and  the  consequent  probability  of  sloughing,  ulceration,  or  mere 
inflammation  resembling  that  of  erysipelas.  It  is  only  by  keeping  this  point  steadily 
in  view  that  we  can  hope  to  arrive  at  any  rational  plan  for  the  treatment  of  these 
injuries. 

1.  First  degree.  In  cases  of  burns  of  the  first  degree,  little  local  tr  eatment  is 
necessary,  except  to  keep  in  contact  with  them  any  application  which  will  relieve 
pain  and  exclude  the  air  :  if,  at  the  same  time,  it  tends  gradually  to  constrict  the 
vessels  of  the  skin,  dilated  by  the  sudden  stimulus,  so  much  the  better.  Cold  appli- 
cations are  usually  more  agreeable  than  warm,  lotions  than  ointments.  In  hospitals, 
the  usual  application  is  Goulard- water  on  rags  frequently  irrigated ;  cold  water  does 
very  nearly  as  well ;  but  a  host  of  remedies  are  in  domestic  use — scraped  potatoes, 
ink,  moist  earth,  &c.  &c,  all  of  which  act  on  the  same  principle. 

If,  however,  the  burnt  surface  is  very  extensive,  and  the  patient  is  much  de- 
pressed from  fright  or  pain,  it  would  be  injudicious  to  chill  the  surface  further  by 
cold  applications ;  and  then  it  will  be  better  to  wrap  the  part  in  cotton-wool,  or 
powder  it  thickly  with  flour,  or  to  use  some  of  the  stimulating  substances  which  will 
be  enumerated  further  on.  The  new  epidermis  is  formed  usually  in  two  or  three 
days,  after  which  no  further  application  is  required.  The  vessels  of  the  skin,  how- 
ever, will  remain  dilated  for  some  time,  as  they  do  after  a  blister. 

2.  In  the  second  degree,  the  principles  and  details  of  the  treatment  are  very 
much  the  same  as  in  the  first,  except  that  care  must  be  taken  to  preserve  the 
epidermis. 

The  clothes  should  be  very  carefully  cut  off,  the  bullae  opened  by  a  small  puncture, 
and  the  epidermis  smoothed  down  gently  upon  the  skin.  It  will,  if  carefully 
managed,  generally  remain  there  till  the  papillae  are  protected  by  a  fresh  formation. 
When  the  burnt  surface  has  been  deprived  of  its  epidermis,  the  papillae  usually  furnish 
an  abundant  secretion  of  pus,  and  are  distressingly  irritable  and  sensitive.  Sometimes 
the  papillary  tissue  may  slough,  from  the  resulting  inflammation,  even  in  cases  where 
it  is  in  no  degree  disintegrated  by  the  injury.  In  other  respects,  the  treatment  is 
the  same  as  in  burns  of  the  first  degree;  the  best  plan,  perhaps,  being  to  apply  some 
mild  salve  (such  as  calamine  cerate)  over  the  burnt  surface,  and  then  to  wrap  the 
part  thickly  in  cotton-wool. 

1  I  am  informed  that  a  case  recently  occurred  in  St.  Bartholomew's  Hospital  in  which 
the  ulcer  was  found  in  the  stomach. 
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3.  Burns  of  the  third  degree  are  much  more  serious  than  the  two  former  varieties 
of  the  injury,  since  here  a  portion  of  the  papillary  tissue  has  been  destroyed,  and 
must  slough.  The  best  way  of  treating  burns  of  this  depth,  is  to  dress  the  slough- 
ing parts  with  some  stimulant  application,  in  order  to  hasten  the  separation  of  the 
slough.  The  best  with  which  I  am  acquainted  is  the  ung.  elemi  co.  of  the  St. 
George's  Hospital  Pharmacopoeia.1  Or  turpentine  may  be  used  in  liniment,  or 
mixed  with  an  equal  quantity  of  this  ointment.  Turpentine  is  a  very  valuable 
application  in  burns  where  the  surface  is  sloughy,  but  is  unnecessary  and  painful  in 
those  where  it  is  raw  and  tender.  Carron-oil  (a  mixture  of  equal  parts  of  linseed- 
oil  and  lime-water)  is  a  deservedly  popular  remedy  ;  and  hosts  of  other  stimulating 
substances  are  recommended.  Carbolised  oil  is  very  useful,  both  for  allaying  pain  and 
preventing  fcetor,  but  can  hardly  be  used  if  the  burn  is  extensive,  on  account  of  the 
danger  of  absorption.  The  neighbouring  part,  where  the  burn  is  less  deep,  may  be 
dressed  with  some  mild  ointment ;  and  the  whole  enveloped,  until  reaction  is 
thoroughly  established,  in  a  thick  layer  of  cotton-wool,  loosely  supported  by  a  band- 
age. The  dressings  of  a  burn  should  never  be  changed  more  often  than  is  absolutely 
requisite  for  cleanliness.  As  the  slough  loosens  at  the  edges,  its  loose  part  should  be 
cut  away  at  each  dressing  ;  but  it  must  not  be  forcibly  detached.  When  it  has 
separated,  the  exposed  surface  is  left  raw  and  suppurating ;  generally  indented  by 
small  pits,  from  the  unequal  depths  of  the  slough.  The  object  now  is  to  procure 
cicatrisation  as  speedily  as  possible,  since,  if  the  inflammation  proceeds  unchecked,  a 
crop  of  prominent,  flabby,  or  fungous  granulations  will  spring  up,  which  are  with 
difficulty  brought  to  heal ;  or  ulceration  may  proceed  at  the  edges,  and  widen  the 
sore.  If  the  surface  is  of  moderate  extent  I  believe  the  best  plan  will  be  to  apply 
moderately  firm  pressure,  as  soon  as  it  can  be  borne,  by  carefully  strapping,  but  if 
this  is  impossible  the  sore  must  be  treated  on  the  general  principles  laid  down  in  the 
essay  on  Ulcers  ;  it  will  however  be  found  almost  inevitable  to  recur  to  pressure  in 
some  form,  when  the  granulations  have  sprouted  up  and  present  an  extensive  sup- 
purating surface,  which  shows  no  tendency  to  heal.  In  these  cases,  various  applica- 
tions must  be  tried  until  the  granulations  are  found  to  be  healthy  and  then  skin- 
grafting  will  probably  succeed  in  gradually  reducing  the  size  of  the  ulcerating  surface 
and  ultimately  bringing  it  to  complete  cicatrisation. 

It  is  the  opinion  of  some  surgeons  2  that  in  burns  which  suppurate  extensively, 
death  is  often  due  to  the  mephitic  influence  of  the  foul  air  which  is  so  extensively 
generated  in  such  injuries.  In  these  cases,  frequent  use  should  be  made  of  carbolic 
acid  or  some  other  disinfectant  pulverised  in  the  room,  and  the  sore  be  treated  with 
a  lotion  of  Condy's  fluid  or  some  other  deodorising  agent. 

4.  The  above  observation  will  also  apply  to  the  treatment  of  burns  of  the  fourth 
degree  ;  but  here  a  most  important  additional  element  enters  into  consideration,  that 
of  the  contraction  which  will  accompany  and  follow  cicatrisation.  Those  who  have 
had  even  slight  practical  experience  of  these  cases,  need  not  be  reminded  of  the 
frightful  deformities  thus  induced  :  the  head  drawn  down  upon  the  shoulder,  the 
jaw  everted  and  fixed  upon  the  breast,  the  lips  turned  out,  clear  articulation  impos- 
sible, the  dripping  and  distorted  mouth,  the  rigid  twisted  limbs,  and  all  the  ghastly 
and  hopeless  mutilations  which  so  often  follow  burns  in  the  neglected  children  of  the 
poor.  Whenever,  therefore,  there  is  the  slightest  probability  that  the  whole  thick- 
ness of  the  skin  has  been  involved  in  any  part  of  a  burn,  cicatrisation  ought  to  be 
watched  with  the  greatest  care,  especially  if  it  be  in  a  part  where  the  integuments 
are  loose,  and  where  important  organs  would  be  interfered  with  by  contraction,  in 
order  to  obviate  this  result  as  far  as  possible,  by  the  use  of  appropriate  extending 
apparatus.  This  apparatus  should  be  very  carefully  fitted,  and  maintained  night  and 
day  in  position  till  the  burn  was  healed ;   and  for  some  time  afterwards,  as  the 

1  1%  Unguent,  elemi  ibj. ;  unguent,  sambuci  5ij- i  copaiba?  Jiij..  Unguentis  simul  lique- 
factis  et  ab  igne  remotis,  paullo  antequam  refrixerint,  copaibani  adjice. 

The  unguentum  sambuci  is  another  hospital  preparation  made  of  the  leaves,  in  the  pro- 
portion of  2  lbs.  to  2|  lbs.  of  fat  boiled  down  with  water  and  strained. 

3  See  a  Clinical  Lecture,  by  Mr.  Mi  Hi  ell  Henry,  in  Lancet,  Dec.  19,  1851,  p.  580. 
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tendency  to  contract  does  not  vanish  with  the  healing  of  the  wound.  As  long  as  any 
risk  of  contraction  seems  to  he  present,  the  scar  should  he  kept  stretched,  and  its 
extensibility  be  promoted  by  keeping  it  constantly  saturated  with  oil.  The  ingenuity 
both  of  the  surgeon  and  instrument- maker  is  called  for  in  these  cases,  and  much 
success  is  often  obtained  both  in  obviating  and  curing  deformities.  Extension  by 
a  weight  fixed  to  the  limb  by  a  stirrup  of  strapping  is  peculiarly  useful  in  many 
cases.  In  others  diligent  manual  extension  will  succeed.  But  many  disappointing 
and  hopeless  cases  will  be  met  with,  in  which  the  use  of  the  extension  cannot  be 
tolerated  on  account  of  the  pain  and  irritation  it  causes,  or  in  which  the  patient's 
strength  is  so  exhausted  that  he  cannot  bear  the  extra  call  upon  it,  which  is  of 
course  necessitated  by  keeping  the  wound  largely  open  ;  or  in  which  the  points  where 
counter -extension  should  be  made  are  themselves  involved  in  the  injury.  In  these 
we  must  allow  contraction  to  occur,  and  only  think  for  the  moment  of  producing  as 
speedy  union  as  possible ;  or,  if  a  limb  be  the  seat  of  the  injury,  and  the  resulting 
contraction  will  leave  it  useless,  the  first  favourable  moment  for  amputation  must 
be  chosen.  The  treatment  of  contracted  cicatrices  will  be  found  described  elsewhere 
(Plastic  Surgery). 

Little  need  be  added  as  to  the  treatment  of  burns  of  the  fifth  and  sixth  degree. 
The  former,  if  of  any  considerable  extent  and  seated  on  the  trunk  of  the  body,  are 
almost  necessarily  fatal.  When  the  limbs  are  the  seat  of  the  injury,  and  the  part 
involved  is  large,  or  when  the  fingers  are  burnt,  and  the  consequent  sloughing  will 
destroy  the  action  of  the  tendons  and  render  the  finger  useless,  it  is  better  to  ampu- 
tate at  once.  Burns  of  the  sixth  degree,  if  the  patient  survive  so  as  to  become  the 
subject  of  treatment,  must  be  seated  on  the  extremities.  Practically  they  are  hardly 
ever  seen,  except  where  the  thickness  of  the  soft  parts  is  trifling,  as  on  the  fingers, 
dorsum  of  the  hand  or  foot,  &c.  Most  of  them  require  primary  amputation  :  the 
necessity  depending  on  the  extent  of  the  burn,  and  the  conditions  which  will  follow 
the  separation  of  the  sloughs. 

It  is  hardly  necessary  to  say  anything  about  the  indications  for  secondary  ampu- 
tation in  burns  on  account  of  incurable  ulceration,  or  contraction  of  the  limbs,  as 
these  are  questions  rather  of  common  sense  than  of  precedent  or  theory ;  and  where 
large  joints  are  opened  by  the  separation  of  the  slough,  the  case  does  not  differ 
materially  from  any  other  of  gangrene  with  similar  complication. 

Accidents  prom  Lightning. 

Accidents  from  lightning  are  rare  in  this  country,  and  it  has  never  fallen  to  my 
lot  to  witness  immediately  on  their  occurrence  any  which  called  for  serious  surgical 
treatment ;  nor  does  it  seem  to  have  occurred  to  those  of  our  countrymen,  whose 
experience  of  this  form  of  injury  in  tropical  climates  may  have  been  greater  than 
ours,  to  give  the  profession  any  systematic  account  of  the  matter.  I  must  therefore 
apologise  for  the  necessarily  secondhand  character-  of  what  follows  on  this  head. 
Sir  Benjamin  Brodic,  in  his  'Lectures  illustrative  of  various  Subjects  in  Pathology 
and  Surgery,'  has  treated  the  subject  with  his  usual  clearness  and  felicity  ;  but  only  so 
far  as  to  show  the  manner  in  which  death  is  produced  by  a  stroke  of  lightning,  and 
the  means  to  be  used  in  order,  if  possible,  to  save  life.  The  most  complete  account 
which  I  have  been  able  to  find  of  the  minor-,  but  still  very  serious,  symptoms  which 
sometimes  follow  these  injuries,  is  contained  in  Boudin,  '  Geographie  medicare,'  Paris, 
1857,  vol.  i.  pp.  499  et  seq.  An  abstract  of  M.  Boudin's  researches  may  be  found 
in  Althairs,  '  Medical  Electricity.'  From  these  sources  and  from  a  number  of  cases 
recor  ded  in  old  volumes  of  the  '  Philosophical  Transactions,'  the  following  account  has 
been  chiefly  compiled. 

A  person  struck  by  lightning  is  usually  more  or  less  completely  deprived  of  con- 
sciousness at  once ;  and  the  insensibility  often  lasts  for  a  considerable  time,  followed 
by  paralysis  which  may  last  for  an  indefinite  period.  This  paralysis  is  more  common 
in  the  lower  limbs  than  the  upper.  Other  affections  caused  by  lightning  are  :  burns, 
more  or  less  extensive ;  eruptions  of  erythema  or'  of  urticaria,  which  are  said  by  one 
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author  to  have  reappeared  afterwards  with  each  succeeding  thunderstorm ;  loss  of 
Hair  over  parts  or  the  whole  of  the  body  ;  wounds ;  haemorrhage  from  the  mouth, 
nose,  or  ears ;  loss  of  sight,  smell,  speech,  hearing,  and  taste,  or,  in  rare  cases,  exal- 
tation of  these  special  senses ;  cataract ;  imbecility ;  abortion.  Another  curious 
effect  of  lightning,  which  is  asserted  by  many  independent  authorities,  though  it  is 
variously  interpreted,  is  that  it  sometimes  leaves  arborescent  marks  on  the  body,  even 
on  parts  covered  by  clothes,  which  have  often  been  described  as  a  kind  of  photograph 
of  neighbouring  trees  or  other  objects. 

Many  of  the  recorded  cases  of  injury  by  lightning  are  very  curious  and  interesting ; 
but,  as  the  foregoing  list  will  show,  the  symptoms  are  too  miscellaneous,  and  their 
method  of  production  too  obscure,  to  be  brought  under  general  rules ;  and  it  would 
lead  us  too  far  from  ordinary  practice  to  attempt  to  dwell  minutely  upon  them.  It 
may  suffice  to  say  that  persons  not  killed  on  the  spot  usually  recover,  though  a  few 
cases  are  on  record  in  which  they  have  died  of  exhaustion  ;  and  that  recovery  is 
apparently  hastened  by  the  administration  of  tonics,  especially  quinine,  and  gentle 
action  on  the  skin  by  means  of  baths.  I  lately  saw  a  case  in  which  the  patient  had 
so  nearly  recovered  as  to  have  left  town,  when  cerebral  symptoms  showed  themselves 
and  rapidly  proved  fatal,  the  case  resembling  one  of  apoplexy.  The  body  unfortu- 
nately was  not  examined.  In  a  recorded  case  of  protracted  convalescence  the  patient, 
on  coming  to  himself,  found  that  he  had  completely  lost  the  sense  of  sight,  and  that  he 
could  hardly  feel  any  of  his  limbs  and  could  not  move  them.  He  was  also  severely 
burnt  on  various  parts  of  the  body.  In  this  case,  as  the  power  of  motion  and  the 
sense  of  sight  returned,  the  patient  was  tormented  with  pains  in  the  limbs  and  head. 
These  were  relieved  by  galvanism,  which  was  thought  also  to  have  hastened  the  heal- 
ing of  the  sores  left  by  the  burns. 

The  burns  caused  by  lightning  are  sometimes  deep  and  very  obstinate  in  healing  ; 
sometimes,  on  the  contrary,  they  amount  merely  to  vesication,  or  even  only  to  dis- 
coloration. They  will  be  treated  on  ordinary  principles,  unless  indeed  the  authority 
of  the  case  above  alluded  to  should  induce  the  surgeon  to  make  trial  of  the  effects  of 
electricity,  which  is  said  sometimes  to  produce  the  healing  of  ulcers  due  to  other 
causes,  which  have  resisted  the  ordinary  modes  of  treatment. 

Mutilations  of  the  body  are  only  rarely  met  with.  Out  of  a  large  number  of  fatal 
cases,  M.  Boudin  has  only  found  six  in  which  mutilation  is  noticed  to  have  occurred ; 
and  it  is  a  singular  circumstance  that  in  four  of  these  the  tongue  was  the  part  affected. 
Wounds  and  fractures,  especially  of  the  skull,  are  sometimes,  but  rarely,  noticed. 

The  post-mortem  appearances  in  cases  of  death  by  lightning  vary  extremely. 
The  body  sometimes  retains  the  attitude  in  which  it  was  when  struck.  Thus  a  case 
is  related  in  which  a  man  was  killed  on  horseback,  and  the  horse  proceeded  some 
distance  with  the  dead  rider  still  in  the  saddle.  At  other  times  the  body  is  thrown 
to  a  considerable  distance.  The  clothes  are  often  burnt  or  torn,  even  when  the  sur- 
face of  the  body  is  not  injured.1  In  respect  of  muscular  rigidity,  opinions,  and  pro- 
bably facts,  vary  also.  John  Hunter  taught  that  '  animals  killed  by  lightning,  and 
also  by  electricity,  have  not  their  muscles  contracted  ' ; 2  but  this  is  certainly  incon- 
sistent with  common  experience,  although  it  may  be  the  fact  in  exceptional  instances. 
Thus  in  Dr.  Richardson's  work  on  the  '  Coagulation  of  the  Blood '  3  may  be  found 
the  account  of  an  experiment  performed  on  a  large  dog,  which  was  killed  by  a  power- 
ful electric  current.  In  half  an  hour  rigor  mortis  commenced,  and  increased  to  such 
an  extent  that  '  in  five  hours  the  dog  appealed  as  if  frozen  hard,4  or  carved  out  of 

1  A  very  curious  and  interesting  case  is  related  by  Mr.  Wilks,  of  Ashford,  in  the  Clin. 
Trans,  vol.  xiii.  p.  32,  in  which  a  man  was  struck  by  lightning  while  in  a  field  and  fully 
dressed.  His  clothes  were  completely  stripped  off  him,  so  that  he  was  left  stark  naked, 
except  that  a  part  of  the  left  arm  of  his  flannel  waistcoat  remained  on  his  arm.  Yet  his 
boots  and  stockings,  though  torn,  were  not  entirely  destroyed,  and  fragments  of  his  other 
garments  remained.    The  man  was  burnt  and  otherwise  injured,  but  recovered. 

2  Works,  by  Palmer,  vol.  iii.  p.  114. 

3  Astley-Cooper  Prize-Essay,  p.  96. 

4  This  may  account  for  the  fact,  that  persons  killed  by  lightning  have  sometimes  been 
described  as  presenting  all  the  appearances  of  having  been  frozen. 
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wood,  being  quite  stiff  and  inflexible.'  The  same  author  (p.  13S)  makes  death  by 
electricity  the  only  exception  to  the  rule  that  in  cases  of  immediately  sudden  deati  y 
the  blood  coagulates  '  with  moderate  firmness  and  in  the  ordinary  mode.'  To  thy 
same  effect  is  a  case  reported  in  the  '  Philosophical  Transactions,'  vol.  lxiii.  p.  177 j 
where  a  man  was  struck  dead  while  in  bed.  A  doctor  was  sent  for,  who,  at  the  re  > 
quest  of  the  patient's  wife,  opened  a  vein  in  the  arm.  The  blood  was  so  fluid  that  it 
continued  to  ooze  out  till  the  man  was  put  in  his  coffin.  M.  Boudin,  however,  says 
that  the  blood  is  sometimes  found  coagulated  ;  and  Sir  C.  Scudamore's  experiments 
prove  the  same  fact  in  animals  killed  by  electricity.1  The  heart  is  usually,  as  it  seems, 
flaccid  and  empty.  The  condition  of  the  lungs  seems  very  uncertain.  Putrefaction 
may  be  sometimes  hastened,  but  is  more  often  retarded. 

Death  is  caused  in  immediately  fatal  cases  by  the  shock  to  the  brain  and  nervous 
system,  and  perhaps  in  some  rare  instances  by  asphyxia;  and  it  appears  impossible 
to  express  the  indications  for  surgical  treatment  in  these  cases  more  clearly  and 
succinctly  than  they  are  thus  given  by  Sir  B.  Brodie  :  '  Expose  the  body  to  a  mode- 
rate warmth,  so  as  to  prevent  the  loss  of  animal  heat,  to  which  it  is  always  liable 
when  the  functions  of  the  brain  are  suspended  or  impaired,  and  inflate  the  lungs 
so  as  to  imitate  natural  respiration  as  nearly  as  possible.' 2  It  may  be  added  that 
these  attempts  to  restore  animation  should  not  be  too  soon  given  up,  since  stories 
are  on  record  of  the  return  of  animation  after  its  apparently  complete  suspension 
during  more  than  an  hour.  Cold  affusion,  stimulating  enemata,  and  stimulants 
administered  by  the  mouth,  will  be  appropriate  adjuvants  to  this  treatment,  especially 
in  the  less  severe  cases.  The  jn-ognosis  is  generally  favourable,  as  far  as  the  recovery 
of  life  goes,  in  cases  not  instantly  fatal ;  and  even  when  some  of  the  special  senses 
are  temporarily  abolished,  their  restoration  is  not  hopeless. 

Timothy  Holmes. 


1  Taylor's  Med.  Juris.,  art.  '  Lightning. ' 


2  Op.  cit.  p.  104. 
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FRACTURES.1 

FRACTURE  may  be  defined  to  be  a  sudden,  and  usually  violent,  solution  of  con- 
tinuity of  a  bone. 

Causes. — The  causes  of  fractures  are  of  two  kinds  :  predisposing  and  immediate. 
The  predisposing  causes  are  age  and  sex,  certain  special  liabilities  of  different  bones, 
together  with  some  morbid  conditions. 

The  influence  of  age  is  intimately  connected  with  the  liability  to  exposure,  and 
with  the  degree  of  ossification  at  different  periods  of  life.  The  fullest  researches  on 
this  subject  are  those  of  Malgaigne,2  who  has  found  that  fractures  are  common  be- 
tween the  age  of  two  and  four,  when,  owing  to  the  unsteady  gait,  frequent  falls  act 
upon  bones  which  are  still  weakly  ;  less  common  between  four  and  six.  The  fre- 
quency of  fractures  goes  on  increasing  between  six  and  fifteen,  when  it  is  increased 
threefold,  another  increase  taking  place  about  twenty-five,  between  which  age  and 
sixty  the  increase  is  gradual  but  sustained.  Other  instances  of  the  influence  of  age 
are  seen  in  the  occurrence  of  greenstick  fracture  and  separation  of  epiphyses  in  early 
life,  and  in  the  fracture  of  the  changing  neck  of  the  femur  in  the  aged. 

As  might  be  expected,  men  are  much  more  liable  to  fractures  than  women,  except 
in  early  infancy  and  in  extreme  old  age.  Women  again  who  are  past  middle  life 
seem  to  be  much  more  liable  to  fracture  just  above  the  lower  end  of  the  radius,  and 
to  intracapsular  fracture  of  the  neck  of  the  femur.  There  are  also  wide  differences  in 
the  liabilities  of  different  bones,  depending  on  their  form,  position,  functions,  and 
structure ;  the  long  bones  suffering  most,  especially  those  which  are  most  exposed  to 
the  violence  of  falls.3 

The  morbid  conditions  of  bone  which  predispose  to  fracture  are  either  confined  to 
the  bone  itself,  or  are  signs  of  a  general  cachexia.  Of  the  former  kind  are  atrophy, 
caries,  necrosis,  new  growths  connected  with  the  bone  and  the  spreading  of  an  ulcer 
from  the  soft  tissues.4  Of  these  atrophy  may  be  of  two  kinds,  the  simple,  uncompli- 
cated atrophy  from  disease,  as  in  the  edentulous  jaw  of  the  aged,  or  in  the  femur  and 
tibia  of  a  knee-joint  anchylosed  at  a  useless  angle  5  The  second  form  of  atrophy  of 
bone,  very  different  because  complicated  with  other  diseases,  e.g.  carcinoma,  true 
mollifies,  &c,  is,  together  with  its  tendency  to  produce  fractures,  alluded  to  below. 
Necrosis,  especially  when  extensive  and  occurring  in  the  bones  of  the  lower  extremity, 
may  certainly  predispose  to  fracture  (fig.  29).    Under  these  circumstances  fracture 

1  The  statements  in  the  first  person  are  by  the  present  author. 

2  '  Etudes  Statistiques  sur  les  Fractures  et  les  Luxations,'  Ann,  d'Hygihie  Publique,  t.  xxii. 

3  Season  of  year  is  often  said  to  exercise  an  influence  on  the  causation  of  fracture.  A 
hard  winter,  owing  to  the  greater  frequency  of  falls,  may  be  a  predisposing-  cause  of  fractures, 
especially  in  the  case  of  the  aged. 

4  Trans.  Path.  Soc.  vol.  x.  p.  234.  In  this  case  spontaneous  fracture  of  the  tibia  and 
fibula  followed  upon  necrosis  of  these  bones,  this  being  due  to  a  chronic  ulcer  of  fifty  years' 
standing,  which  ultimately  became  epitheliomatous. 

5  Mr.  Holmes  (Surgical  Treatment  of  Children's  Diseases,  p.  244)  refers  to  two  cases  of 
fracture  predisposed  to  by  the  atrophy  of  disuse,  the  one  of  the  neck  of  the  femur  as  this 
bone  was  being  gently  straightened  in  a  child  the  subject  of  hip-disease,  the  other  of  the 
neck  of  the  humerus  in  an  attempt  to  rupture  the  adhesions  of  an  anchylosed  shoulder.  I 
know  of  a  case  of  a  boy  where  the  lower  limbs  had  become  contracted  after  rheumatic  fever, 
and  where  both  femora  gave  way  just  above  the  condyles;  in  the  one  case  the  fracture  took 
place  as  an  attempt  was  being  made  to  straighten  one  knee,  the  patient  dying  when  under 
the  anaesthetic ;  in  the  other  the  femur  gave  way  as  the  body  was  being  placed  in  a  shell 
previous  to  removal  from  the  ward. 

Vol.  T.  DD 
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has  often  been  noted,  when  the  bone  has  been  much  weakened  by  the  operations 
needful  for  the  removal  of  sequestra,  and  when  the  patient  has  accidentally  fallen 

Fig.  29. — Fracture  of  Femur  from  Necrosis,  without 
suppuration. 

The  patient,  ret.  20,  was  ad- 
mitted into  St.  Bartholo- 


m 


mew's  Hospital,  under  Mr. 
Morraut  Baker,  having  suf- 
fered for  about  10  weeks 
from  deep-seated  pain  and 
swelling-  in  the  left  thigh. 
About  6  weeks  later  a 
fracture  of  the  left  femur 
occurred  in  its  middle 
third,  while  the  patient 
was  walking.  On  account 
of  the  great  pain  and  swel- 
ling, and  from  the  absence 
of  any  redness,  oedema,  &c. 
the  case  was  looked  upon 
as  one  of  spontaneous  frac- 
ture of  the  femur  from 
malignant  disease,  and 
amputation  at  the  hip-joint 
wassuccessfully  performed. 
Necrosis  has  taken  place  of 
nearly  all  the  shaft,  save 
at  its  upper  and  posterior 
aspect  (this  perhaps  being 
explained  by  the  presence 
of  a  large  nutrient  artery). 
The  fragments  were  par- 
tially covered  by  a  kind  of 
false  joint,  the  end  of  one 
also  playing  into  a  depres- 
sion in  the  other.  The 
necrosed  bone  is  very  im- 
perfectly separated  from 
its  connection  with  the 
living,  a  condition  of  com- 
plete necrosis  being  asso- 
ciated with  those  of  ostitis, 
hypertrophy,  and  sclerosis. 
Mr.  Morrant  Baker  (loc. 
infr.  cit.)  points  out  how 
this  specimen  of  necrosis 
differs  from  those  due  to  subperiosteal  effusion.  It 
probably  originated  in  a  chronic  ostitis,  the  blood- 
supply  of  the  shaft  being  gradually  cut  off  by  the 
deposit  of  new  layers  of  bone,  a  condition  very  likely 
to  ensue  when  the  blood  vessels  of  the  shaft  are 
themselves  more  or  less  compressed  by  the  products 
of  inflammation.  The  fact  that  the  dead  bone  re- 
tained its  connection  with  the  living,  and  thus 
caused  no  irritation  of  the  surrounding  parts,  will 
account  for  the  absence  of  suppuration.  (Hunt. 
Mus.  661a.    '  Med.-Chir.  Trans."  lx.  187.) 


Fig.  30. — Longitudinal  section, cut 
wit  h  a  knife,  of  a  Femur  a  tiected 
with  Mollities  Ossium.  The 
case  will  be  found  reported  in 
the  '  Trans.  Med.-Chir.  Soc.  of 
Edinburgh,'  vol.  ii.  p.  136. 


A  lady,  set.  35,  was  noticed,  to- 
wards the  end  of  1816,  to  walk 
with  an  altered  gait,  in  a  rolling 
or  stooping  manner.  This  con- 
tinued till  181'.),  when  pain  was 
felt  in  the  right  hip.  In  1820 
this  pain  became  excruciating, 
and  in  the  following  year  she 
became  bed-ridden.  Shortly 
afterwards  the  right  thigh  be- 
came bent,  and  a  mouth  later 


the  same  thing:  happened  to  the 
left.  The  patient  died  gradually 
five  years  and  a  half  from  the  first  symptom.  Towards  the  close  of  her  life  the  painful  sen- 
sations in  the  bone  were  'as  if  a  striug  were  tied  tightly  round'  at  a  spot  where  the  fracture 
had  occurred.  Profuse  foetid  perspirations  were  present,  and  the  urine  was  thick  and  turbid. 
The  whole  of  the  osseous  substance  has  been  removed  from  the  shaft,  the  walls  of  which  have 
been  replaced  by  periosteum  increased  to  nearly  a  line  in  thickness,  and  of  a  deep  red  colour. 
Soft  reddish  substance  tills  up  the  cavity  of  the  bone.  When  recent,  this  presented  at  one 
place  the  appearance  of  '  pure  coagulated  blood,'  at  another  that  of  a  '  very  engorged  liver,' 
and  at  a  third  that  of  '  a  compact  fleshy  substance.'  About  5  inches  below  the  great  tro- 
chanter a  fracture  of  the  shaft  has  reunited  by  a  thin  layer  of  firm  pink  substance,  and  the 
periosteum  is  here  contracted  around  the  fractured  part,  so  that  it  is  much  reduced  in  size. 
(Hunt  Mus.  401,  730,  740.) 
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during  convalescence.1  Under  the  heads  of  new  growths  predisposing  to  fracture 
come  carcinomata  and  sarcomata,  and  it  will  be  convenient  here  to  make  mention  of 
hydatids,  which,  occasionally,  from  the  excavations  which  they  produce  in  bones, 
predispose  to  their  fracture  from  slight  causes.'2  With  reference  to  carcinomata,  it  is 
noteworthy  that,  at  first,  whether  primary  or  secondary,  they  very  rarely  form  con- 
siderable tumours.  Sir  J.  Paget  (Surg.  Path.  p.  628)  points  out  that  cancer  of  bone 
may  predispose  to  fracture  in  two  ways,  (a)  by  direct  invasion  of  the  bone,  either  as 
an  infiltration  3  through  the  bone  structure,  or  as  localised  distinct  masses.  (6)  by  the 
Avasting  and  degenerative  atrophy  which  the  bones  undergo  in  the  progress  of  cancer. 
The  general  predisposing  affections  are  scurvy,  cancer,  syphilis,  scrofula,  rickets, 
mollities  ossium,  general  paralysis  of  the  insane,  perhaps  infantile  paralysis  in  its 
severest  forms,  and  locomotor  ataxia. 

The  prevalence  of  severe  scurvy  in  past  times  was  believed  to  be  a  common 
cause  of  fracture,  the  bones  becoming  softer  and  fragile,  and  remaining  so  for  some 
time  after  the  attack.  A  case  in  which  both  bones  of  the  leg  were  fractured,  with- 
out any  fall,  while  the  patient,  set.  35,  a  sailor  for  17  years,  and  previously  the  subject 
of  scurvy,  was  quietly  walking  in  the  street,  has  been  recorded  by  Mr.  Ure.  4 

The  influence  of  cancer  upon  the  bones,  considered  generally  and  apart  from  the 
effect  of  any  localised  deposit,  has  already  been  referred  to. 

Gout  has  been  mentioned,  but  not  proved,  to  be  a  predisposing  cause  :  it  must  be 
remembered  that  the  instances  recorded  were  in  the  aged,  where  other  influences 
would  be  present. 

Undoubted  cases  of  tertiary  syphilis  predisposing  to  fracture  have  been  recorded. 
In  most  of  these  the  site  of  fracture  has  corresponded  to  a  node,  as  in  a  case  of  Sir 
B.  Brodie's,5  where  the  clavicle  gave  way  at  the  site  of  one  of  these  localised  syphilitic 
lesions.  Lanceieaux  6  considers  that  this  is  the  only  way  in  which  syphilis  predisposes 
to  fracture,  denying  that  there  is  any  syphilitic  softening  of  the  bones,  as  believed  by 
older  writers.  Dr.  Elliott  7  records  a  case  of  fracture  of  the  humerus,  which  appa- 
rently took  place  gradually  and  spontaneously  in  a  patient  who  was  suffering  severely 
from  syphilis.  The  patient  dying  soon  after,  the  fracture  was  found  to  be  transverse, 
just  above  the  insertion  of  the  deltoid,  and  partially  united  by  fibrous  tissue.  No 
signs  of  necrosis  had  existed  during  life,  but  on  examination  of  the  specimen,  death 
of  the  bone  was  found  to  have  occurred  centrally,  with  interstitial  absorption,  while 
new  bone  had  been  deposited  externally.  While  in  the  present  day  spontaneous 
fracture  of  a  long  bone  from  penetrating  syphilitic  ulceration  is  extremely  rare,  it  is 
quite  possible  that  in  past  times  it  may  have  been  more  common  in  patients  broken 
down  by  debauchery,  or  hardship,  and  subjected  to  a  course  of  mercury  alike  com- 
pulsory and  excessive. 

Much  more  doubtful  is  the  influence  of  struma  as  a  predisposing  cause  of  fracture. 

1  A  case  of  necrosis  of  the  femur  with  spontaneous  fracture  will  he  found  in  the  Path.  Sue. 
Trans,  vol.  vi.  p.  290,  and  in  the  Med'.-Chir.  Trans,  vol.  lx.  an  interesting  paper  by  Mr. 
Morrant  Baker  on  necrosis  without  suppuration  leading  to  fracture  of  the  femur,  and  simu- 
lating malignant  disease  (fig.  29).  In  the  Dublin  Juurn.  of  Med.  Sci.  1847,  ii.  p.  251,  is  re- 
corded a  case  of  fracture  of  the  femur  from  necrosis,  in  which  fatal  haemorrhage  ensued  from 
a  sequestrum  causing  ulceration  into  the  femoral  artery.  Two  other  cases,  of  the  femur  and 
tibia  in  children,  are  mentioned  by  Mr.  Holmes,  loc.  supr.  cit.  p.  244. 

2  Nelaton,  Path.  Chir.  t,  ii.  p.  152. 

3  Mr.  Hulke  records  {Med.  Times  and  Gaz.  1876,  vol.  i.  p.  115)  a  case  of  spontaneous 
fracture  of  the  cervical  spine  in  a  patient  with  mammary  scirrhus.  In  this  case,  '  although 
to  the  unaided  eye  the  appearances  were  those  of  a  simple  fatty  atrophy,  the  microscope 
brought  out  the  presence  of  small  quantities  of  degenerating  cancer-tissue,  so  that  it  is 
probable  that  there  the  process  consisted  primarily  and  essentially  in  the  infiltration  and  rare- 
faction of  the  bone  by  cancerous  growth,  which  itself  subsequently  atrophied.' — Of.  Med.- 
Chir.  Trans,  xvii.  p.  51,  and  Path.  Soc.  Trans,  vols.  x.  235  and  xi.  219  for  cases  of  sponta- 
neous fracture  in  cancerous  patients.  4  Lancet,  1861,  vol.  i.  p.  59. 

5  Med.  Gaz.  Mr.  Hutchinson  (Lond.  ITosp.  JRepts.  vol.  hi.  p.  381)  records  a  case  of 
fracture  of  the  humerus  arising  spontaneously,  and  complicated  with  so  much  irregular  out- 
growth as  to  simulate  carcinoma. 

6  '  Treatise  on  Syphilis '  {Si/d.  Soc.  Trans.),  vol.  i.  p.  243. 

7  Brit.  Med.  Journ.  April  17,  1869. 
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There  is  no  evidence  that  it  really  is  so  except  in  the  most  indirect  way.  Strumous 
mischief  in  long  bones  is  usually  limited  to  inflammation  of  the  cancellous  tissue  of 
the  ends,  or  to  ulceration  of  the,  articular  surfaces,  implication  of  the  shaft  being 
much  more  rare.  Where  the  strumous  taint  is  well  marked,  it  may  predispose  to 
fracture  by  favouring  an  obstinately  creeping  caries,  by  preventing  repair  around 
extensive  necrosis,  or  by  producing  atrophy  in  bones  disused  from  joint  disease. 

But  the  diseases  which  especially  predispose  to  fracture  are  rickets  and  mollities 
oseium.  The  predisposing  influence  of  rickets  is  a  twofold  one — indirectly,  from  the 
proneness  of  weakly  rickety  children  to  fall,  and,  directly,  from  the  softness  of  the 
bones.  These  fractures  are  very  often  incomplete  or  '  greenstick  '  fractures,  and  even 
where  the  bone  is  completely  broken,  no  displacement  need  be  present,  as  the  thick- 
ened periosteum  often  remains  untorn.  Satisfactory  union  is  almost  invariable.  In 
true  mollities  ossium  fractures,  properly  so  called,  are  not  so  common  as  bindings  of 
bones  softened  slowly,  and  throughout  their  whole  extent.  But  where  the  morbid 
change  is  confined  to  the  interior  of  the  bone,  and  a  distinct  shell  of  compact  tissue  is 
left,  true  fractures  (fig.  30)  may  occur.  Thus  in  a  patient  of  Dr.  Ormerod's,  fractures 
of  seven  distinct  bones  existed  at  one  time.  In  this  instance  union  took  place 
readily,  but,  as  might  be  expected,  this  result  is  not  so  certain  as  in  rickets.1 

On  the  subject  of  general  paralysis  as  a  predisposing  cause  of  fracture,  a  paper  by 
M.  Biante  2  may  be  consulted.  The  condition  of  the  bones  in  the  subjects  of  this 
disease  is  here  described,  viz.  alterations  in  the  medullary,  spongy,  and  compact 
tissues,  consisting  of  a.  proliferation  of  adipose  tissue,  of  fat  globules  running  through 
all  the  parts  of  the  bone,  thinning  of  the  compact  tissue,  and  absence  of  power  of 
repair.  As  a  result  of  analysis,  it  has  been  found  3  that  in  the  ribs  of  patients  suffer- 
ing from  general  paralysis,  the  ratio  of  organic  constituents  to  earthy  matter  is  much 
greater,  while  the  ratio  of  lime  to  phosphoric  acid  is  distinctly  less  than  in  those  of 
healthy  adults.  Dr.  Sankey  4  considers  that  while  in  health  many  fractures  are 
prevented  by  reflex  nervous  action  (not  only  as  in  putting  out  the  hand,  but  by  the 
action  of  the  intercostals,  e.g.  in  prize-fighting,  «fec),  in  general  paralysis,  on  the  other 
hand,  the  so-called  nerve  current  is  sluggish,  the  reflex  actions  consequently  too  slow, 
and  that  thus  impressions  from  without  being  sluggishly  received,  the  intercostals 
do  not  act  quickly  enough  to  protect  the  ribs  from  injury.  Fractures,  therefore,  in 
this  disease  are  due  not  to  exceptional  violence,  but  to  an  exceptional  condition  of 
the  patient.5 

I  have  seen  two  cases  of  ununited  fracture,  in  the  one  case  of  the  femur,  in  the 
other  of  the  tibia,  occurring  in  adults  the  subjects  of  infantile  paralysis  in  a  marked 
degree.  In  the  latter  case  the  fracture  had  occurred,  after  a  false  step  and  a  slight 
fall,  in  the  upper  not  in  the  lower  third,  as  usually  happens  in  this  kind  of  injury. 
The  leg,  being  useless  on  account  of  its  shortening  and  atrophy,  was  amputated,  and 
the  light  porous  and  fragile  state  of  the  tibia,  with  its  cortex  much  wasted  and  the 
medullary  canal  and  cancellous  tissue  expanded  and  loaded  with  fat,  appeared  quite 
sufficient  to  predispose  to  the  fracture  and  to  interfere  with  union.  More  cases, 
however,  require  to  be  examined  before  infantile  paralysis  can  be  considered  a  pre- 
disposing cause  of  fracture.  With  regard  to  this  point  Prof.  Humphry  6  has  shown 
that  the  soft  parts  (especially  the  muscles)  and  the  bones  exercise  a  reciprocal  influ- 
ence upon  each  other's  growth,  and  that  the  thinness  or  deficiency  of  lateral  growth 
in  paralysis  is  a  more  marked  and  constant  feature  than  deficiency  of  length,  which 
is  very  irregular;  on  the  other  hand,  it  must  be  remembered  that  the  subjects  of 

1  Oloquet,  Dirt,  de  Mid.  vol.  xiii.  p.  407 ;  Guersant,  Clin  den  Hop.  des  Enfans,  6*  aim. 
p.  28;  Virchow,  Archiv.  vol.  v.  p.  463;  Mr.  Curling,  Med.-Chir.  Trans,  vol.  xx.  ;  Mr. 
Solly,  Med.-Chir.  Trans,  vol.  xxvii. ;  Dr.  Ormerod,  Brit.  Med.  Joum.  Sept.  10,  1859. 

-  Ann.  Mid.-Psych.  Nov.  1876,  and  Lond.  Med.  Bee.  1877,  p.  60. 

3  'Fractured  Ribs  in  Insane  Patients,'  by  Mr.  T.  L.  Rodgers  and  Dr.  J.  C.  Brown,  Lie. 
Med.  and  Surg.  Hep.  vol.  iv.  p.  85. 

4  Joum.  of  Merit.  Srienre,  1870,  p.  135. 

5  Dr.  Deas,  Brit.  Med.  Joum.  1877,  vol.  ii.  p.  60,  Path.  Sor.  Tram.  vol.  xxi.  p.  329  ; 
Dr.  Ormerod,  St.  Bartholomew's  llosp.  Bepts.  vol.  vi.  p.  65;  Dr.  J.  W.  Ogle,  St.  George's 
Hasp.  Bepts.  vol.  vi.  p.  265.  e  Med.-C/tir.  Trans,  vols.  xliv.  and  xlv. 
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Fig.  31. — Spontaneous  Fracture  of  left 
Radius  and  Ulna  from  a  woman  set. 
67,  a  patient  of  Prof.  Charcot  in  La 
Salpetriere  for  ten  years.  The  hones 
of  both  forearms  had  given  way,  on 
two  separate  occasions,  while  the 
patient  was  changing  her  position  in 
bed.  Both  scapulae  and  the  left 
clavicle  were  also  found  to  he  frac- 
tured. The  cord  showed  charac- 
teristic sclerosis  of  the  posterior 
columns.  (This  tig.  is  taken,  with 
the  permission  of  Mr.  Hutchinson, 
from  PI.  ix.  vol.  ii.  of  Prof.  Char- 
cot's '  Lectures  on  Diseases  of  the 
Nervous  System,'  Syd.  Soc.  Trans. 
1881.) 


severe  infantile  paralysis  are  usually,  from  their  crippled  condition,  preserved  from 
the  accidents  of  an  active  life. 1 

Another  example  of  the  influence  of  a  lesion  of  the  central  nervous  system  over 
the  nutrition  of  the  hones  is  seen  in  the  spontaneous  fractures  which  occur  in  the 
subjects  of  locomotor  ataxia  (fig.  31).  For  a 
discussion  of  the  nature  of  the  altered  nutri- 
tion which  brings  about  spontaneous  fracture, 
and  marked  and  rapid  alterations  in  the  ends 
of  the  bones,  the  reader  should  consult  Prof. 
Charcot's  writings.2 

I  am  well  aware  that  Prof.  Charcot's  cases 
of  spontaneous  fracture  in  locomotor  ataxia 
have  not,  as  yet,  been  accepted  by  English 
pathologists.  While  admitting  that  they  need 
confirmation  in  this  country,  I  think  that  it 
is  due  to  Prof.  Charcot  that  we  should  re- 
member that  he  has  especial  opportunities  for 
seeing  such  cases.  I  believe  that  I  am  cor- 
rect in  stating  that  it  is  rare  for  cases  of 
locomotor  ataxia  to  die  in  our  hospitals  ;  they 
come  in  for  a  while,  and  after  temporary  relief 
pass  out  again,  and  very  often  die  of  some 
intercurrent  affection.  Prof.  Charcot,  on  the 
other  hand,  not  only  has  a  very  wide  field  of 
observation  at  La  Salpetriere,  but  is  able  in 
this  institution,  which  combines  an  asylum 
and  hospital,  to  keep  cases  under  observation 
from  first  to  last. 

The  immediate  causes  of  fracture  are  of 
two  kinds  :  external  force,  and  muscular  con- 
traction. The  former  of  these  is  also  exerted 
in  two  ways  :  directly,  when  the  fracture 
occurs  at  the  part  immediately  subjected  to 
violence;  and  indirectly,  when  the  force 
applied  at  one  or  more  points  causes  a  frac- 
ture elsewhere.  Indirect  force  is  probably 
the  most  frequent  cause,  pure  muscular  con- 
traction the  rarest.  But  in  by  far  the  majority 
of  cases  the  latter  co-operates  with  the  more 
palpable  cause,  by  directly  increasing  the 
strain  upon  the  bones,  and,  still  more,  by 
fixing  them. 

The  two  most  prolific  causes  of  fracture 
are  falls  and  blows.  Although,  as  a  rule, 
falls  produce  indirect  fractures,  and  blows 
direct,  yet  they  are  by  no  means  uniform  in 
their  results.  Nothing,  in  fact,  is  more 
apparently  capricious  than  the  effects  of  falls. 
Thus,  a  fall  on  the  sole  of  the  foot  may  frac- 
ture either  the  os  calcis,  the  tibia  in  any  part 
of  its  length,  the  patella,  the  femur,  the  pelvis, 

1  For  remarks  on  the  arrest  of  development 
Kinderlahmuug  und  paralytische  Contracturen,' 
Leipzig,  1870,  and  Pitha  and  Billroth 's  Hcmdb.  d. 
352. 

~  '  Sur  quelques  Arthropathies  qui  paraissent  dependre  d'une  lesion  du  cerveau  ou  de  la 
moelle  epiniere,'  Arch,  de  Phys.  t.  i.  p.  161;  t.  ii.  p.  121;  t.  iii.  p.  306.  •'  Dis.  of  the 
Nervous  System,'  Si/d.  Soc.  Trans.  Ser.  ii.  p.  305.  Dr.  Weir  Mitchell,  Am.  Journ.  of  Med. 
Science.  July,  1873. 
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or  even  the  cranium.  The  causes  of  such  differences,  as  well  as  of  the  varieties  in 
the  form  of  fracture,  are  more  or  less  traceable  to  the  degree  of  violence  of  the  fall, 
the  position  of  the  individual  and  of  the  limb,  perhaps  to  the  different  strength  of  the 
bones  in  different  persons,  but  especially  to  the  precise  muscular  action  called  into  play. 1 

Neither  is  there  greater  uniformity  in  the  mode  of  operation  of  these  causes. 
Commonly  it  is  either  compression  or  forced  flexion.  But  in  the  production  of 
certain  fractures  torsion  has  a  large  share,  as  in  fracture  of  the  fibula  after  twists  of 
the  foot  and  ankle,  and  in  fractures  of  diseased  bones  dining  such  slight  efforts  as 
turning  in  bed.  Traction  assists  the  other  causes  in  such  cases  as  fracture  of  the 
patella  and  separation  of  epiphyses. 

That  the  violent  action  of  certain  muscles  is  sufficient  to  fracture  bones,  is  seen 
in  the  case  of  the  patella,  olecranon,  and  os  calcis.2  Whether  long  bones  can  be  frac- 
tured at  all  by  muscular  action  alone,  and,  if  so,  whether  they  are  healthy  at  the 
time  of  fracture,  has  been  much  disputed.  To  both  questions  an  affirmative  answer 
may  be  given.  Undoubted  cases  are  on  recoi-d  of  fractures  of  the  humerus,  clavicle, 
femur,  and  tibia  during  powerful  muscular  action.  The  humerus  gives  the  most 
instances,  e.g.  where  the  arm  has  been  suddenly  flung  out  in  throwing,  or  in  striking 
at  an  object  which  has  been  missed.3 

Intra-uterine  fractures  originate  in  different  ways.  Fractures  proper,  due  to 
external  violence,  abnormal  muscular  contraction,  not  so  much  of  the  uterus  as  of 
the  foetal  muscles,  and  akin  to  those  contractions  which  produce  congenital  distor- 
tions, or  to  force  used  during  delivery  and  resulting  in  fracture  of  the  skull  by 
pressure  with  the  forceps,  or  of  the  femur  or  tibia  by  violent  traction  (fig.  32),  all 

Fig.  32. — A  Femur  which  was  fractured 
during  delivery,  and  repaired  during  the 
subsequent  life  of  the  child,  a  period  of 
about  six  months.  The  presentation  was 
a  breech,  and  in  hooking  down  the  right 
leg  the  medical  attendant  heard  a  snap. 
The  fracture  had  occurred  below  the  lesser 
trochanter.  At  the  lower  part  is  a  piece  of 
the  original  shaft,  which,  stripped  of  its 
periosteum,  has  ceased  to  grow,  while  new 
bone  has  formed  around  it.  This  fragment, 
the  whole  of  which  would  probably  have 
been  quietly  absorbed  at  this  very  early 
age,  presents  an  instance  ofjiecro-biosis  of 
the  original  shaft.  (Hunt.  Mus.  437a,  773.J 

these  may  occur  in  the  bones  of  a  heathy  foetus.  Where  the  fractures  are  numerous, 
the  existence  of  intra-uterine  or  congenital  rickets  must  be  borne  in  mind.  See  the 
references  given  in  the  first  two  papers  quoted  below.4  If  compound,  the  fragments 
may  wound  the  uterus,  and  cause  abortion. 

1  For  the  influence  of  the  muscular  adjustment  in  falls,  see  Mr.  Hilton's  Itest  and  Pain, 
3rd  ed.  p.  400. 

2  In  the  Am.  Journ.  of  Med.  Science,  Jan.  1871,  a  case  of  fracture  of  the  anterior 
superior  spinous  process  of  the  ilium  from  muscular  action  is  reported.  It  was  produced  in  a 
very  muscular  subject  by  his  turning  sharply  while  running  a  race.  See  also  Brit.  Med. 
Journ.  1872,  vol.  ii.,  p.  513,  for  a  very  similar  case  occurring  in  a  young  man,  set.  18,  while 
running  over  uneven  ground. 

3  Benedikt  (Wien  Med.  Woch.  1858.  No.  12)  reports  two  cases.  See  also  Cooper's  Surg. 
Diet.  2nd  ed.  vol.  i.  p.  083  ;  Hamilton  (Fract.  and  Dist.  5th  ed.)  p.  30.  Mr.  H.  Smith  ( Med. 
Times  and  Gaz.  1857,  ii.  85)  records  a  case  of  fracture  of  the  humerus  from  muscular  action 
(throwing  a  stone)  occurring  in  a  patient  in  perfect  health.  Prof.  Humphry  (The  Human 
Skeleton,  p.  8)  mentions  a  case  where  the  femur  of  a  strong  man  was  broken  in  the  centre  by 
the  severe  spasmodic  contraction  of  the  muscles  which  ushered  in  an  attack  of  cholera.  M. 
Helens  has  drawn  attention  (Archiv.  Gen.  de  Med.  March,  1875)  to  cases  of  fracture  of  the 
clavicle  from  muscular  contraction.  In  the  above  cases  the  patients  were  entirely  healthy  ; 
in  other  instances  which  have  been  reported,  pains  probably  of  a  specific  nature,  or  akin  to 
the  'lightning'  pains  of  locomotor  ataxia,  have  preceded  the  fracture  (Ann.  Med.  Chir.  des 
Hop.  de  Paris,  1810,  p.  494;  Gurlt,  Handb.  der  Lehre  von  den  Knochenbrikhen,  Th.  i. 
s.  147),  or  ribs  broken  by  muscular  action  during  coughing,  have  probably  undergone 
atrophic  thinning.    Malgaigne  (TraitS  des  Fract.  p.  429). 

1  A  paper  by  Mr.  Brodhurst,  Med.-Chir.  Trans,  vol.  xliii.  and  in  the  essay  on  the  Surgical 
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Varieties. — Fractures  are  divided  primarily  into  simple  and  compound ;  the 
essential  character  of  the  latter  being  the  co-existence  of  a  wound  in  the  skin,  with 
which  the  fracture  communicates.  This  distinction  is  important;  the  two  great 
classes  of  fractures  differing  from  one  another  in  the  nature  of  their  repair,  and,  con- 
sequently, in  their  results  and  dangers,  and  the  duration  of  their  treatment.  There 
are  two  ways  in  which  the  wound  may  be  produced  at  the  time  of  the  accident : 
from  without,  by  the  same  direct  force  which  fractures  the  bone ;  or  from  within,  by 
the  end  of  one  or  both  fragments  being  thrust  through  the  soft  parts,  whether  by 
the  continuance  of  the  original  force,  or  by  the  weight  of  the  body.  The  latter  mode 
is  the  more  frequent  of  the  two ;  and  it  is  mainly  owing  to  this  that  compound 
fractures  are  more  common  in  the  leg  than  in  any  other  part  of  the  body.  The 
difference  between  the  two  modes  of  production  is  essential,  and  must  in  all  cases  be 
noted.  For  while  the  former  implies  greater  or  less  contusion,  almost  necessarily 
followed  by  inflammation,  often  by  excessive  suppuration  and  sloughing ;  the  latter 
may  be  attended  by  so  little  injury,  as  to  admit  of  primary  union  of  the  wound,  and 
conversion  of  the  fracture  from  compound  to  simple.  There  are  also  two  ways  in 
which  a  fracture  may  become  compound  at  any  subsequent  period  :  ulceration  of  the 
skin  from  pressure  of  a  displaced  fragment,  which  most  commonly  occurs  in  very 
oblique  fractures  of  the  tibia  ;  and  sloughing  of  bruised  soft  parts. 

Besides  this  primary  division,  fractures  may  be  conveniently  classed  under  four 
heads  :  I.  Simple,  single  fractures.  II.  Multiple  fractures.  III.  Incomplete  frac- 
tures.   And  IV.  Fractures  with  complications. 

I.  Of  simple,  single  fractures  there  are  two  kinds — fracture  proper,  and  separa- 
tion of  epiphyses.  Of  fracture  proper  thei'e  are  also  these  varieties :  transverse, 
oblique,  longitudinal,  dentated  or  serrated,  and  a  combination  of  some  of  the  above, 
as  in  the  T-shaped  f  racture. 

Transverse  fractures — i.e.  cases  where  the  line  of  fracture  is  simply  and  entirely  at 
a  r  ight  angle  to  the  shaft  of  the  bone — are  not  common  in  the  shafts  of  long  bones. 
According  to  Malgaigne,  who  failed  in  his  attempts  to  produce  this  kind  of  fracture 
in  the  dead  body,  the  museums  of  Paris  do  not  contain  a  specimen.  Their  occa- 
sional occurrence  is,  however,  certain.  I  have  seen  it  in  a  case  of  fracture  of  the 
ripper  third  of  the  tibia  from  direct  violence.  Two  specimens  in  St.  George's 
Hospital  Museum,  I.  58b  and  40d,  of  the  tibia  and  radius,  show  this  kind  of  fracture 
very  distinctly ;  both  were  caused  by  direct  violence.  Transverse  fractures  occur 
in  irregular  and  short  bones,  such  as  the  scapula,  lower  jaw,  patella,  and  vertebras  ; 
and  in  the  spongy  extremities  of  long  bones,  as  the  olecranon  and  the  lower  end  of 
the  radius ;  but  even  in  these  there  is  commonly  more  or  less  of  obliquity. 

The  great  bulk  of  fractures  of  the  extremities  are  oblique.  The  degrees  of  the 
obliquity  are  endless  ;  very  oblique  fractures  being  often  improperly  called  longi- 
tudinal. This  term  should  be  reserved  for  cases  where  the  line  of  fracture  is  parallel 
to  the  long  axis  of  the  bone ;  such  are  usually  due  to  gunshot  injury.  Though  very 
rare,  otherwise,  it  is  worth  bearing  in  mind  that  they  owe  their  production  to  a 
severe  injury,  and  that  the  fracture  may  be  overlooked  owing  to  the  presence  of 
little  or  no  displacement.  I  am  indebted  to  the  courtesy  of  Mr.  H.  Morris  for  the 
following  account  of  a  specimen  of  longitudinal  fracture  of  the  femur,  photographs 
of  which  he  exhibited  at  the  Pathological  Society,  and  which  he  has  since  presented 
to  the  Museum  of  Middlesex  Hospital.  The  specimen,  the  photographs  of  which 
were  obtained  for  me  by  M.  Molliere  of  Lyons,  was  removed  from  a  man  set.  60,  who 
six  months  before  broke  his  thigh,  though  whether  from  direct  or  indirect  violence 
does  not  appear  in  the  description.  '  The  fracture  is  longitudinal,  parallel  to  the  axis 
of  the  femur,  curved  like  the  shaft,  and  dividing  the  shaft  into  two  lateral  halves. 
It  extends  from  the  level  of  the  trochanter  major  to  the  inferior  third  of  the  bone, 

Diseases  of  CnTT/nnooD.  Mr.  Holmes,  Surg.  Treat,  of  Children's  Diseases,  p.  243 ;  Ewen, 
'  Intra-TJtenne  Fracture  of  the  Clavicle,'  Med.  Times  and  Gaz.  1800.  p.  482.  The  probability 
that  the  bones  are,  in  pome  of  these  cases,  preternaturallv  brittle,  is  shown  by  the  number  of 
fractures  which  are  occasionally  met  with,  113  having  been  recorded  in  one  case  (E.  Noble 
Smith,  The  Surgery  of  Deformities,  p.  14). 


408 


FRACTURES. 


being  eleven  inches  long.  Consolidation  is  incomplete,  but  has  occurred  in  two  con- 
siderable places  by  means  of  oblique  bars  of  osteo-hbrous  material  extending  between 
and  uniting  the  still  separated  fragments.'  In  dentated  fractures  the  edges  are 
studded  with  irregularities,  interlocking  so  as  to  present  obstacles  to  the  displace- 
ment of  the  fragments,  or  to  their  reduction  when  displaced.  In  such  cases,  the 
only  perceptible  displacement  may  be  an  apparent  bending  of  the  bone. 

Separation  of  epiphyses  is  an  injury  of  great  importance.    It  occurs  most  fre 
queutly  at  the  extremities  of  the  humerus,  and  at  the  lower  end  of  the  radius  and 
femur.1 


Fig.  33. — Separation  of  Lower  Epiphysis 
of  Radius.  (The  preparation  is  in 
the  London  Hospital  Museum, 
and  is  figured  by  Mr.  Hutchin- 
son, '  Lond.  Hosp.  Repts.'  vol.  i.  I 
am  indebted  to  the  courtesy  of  Mr. 
Hutchinson  for  permission  to  make 
use  of  this  and  fig.  34.) 


Fig.  34. — Arrested  growth  of  the  Radius  from 
injury  to  (probably  separation  of)  its 
Lower  Epiphysis.  The  growth  of  the  ulna 
has  continued,  this  bone  projecting  three- 
quarters  of  an  inch  below  the  radius. 
From  a  drawing  of  Mr.  Hutchinson,  '  Lond. 
Hosp.  Repts.'  vol.  i.  In  another  case  ('Lond. 
Hosp.  Repts.'  vol.  ii.  p.  352)  the  styloid  pro- 
cess of  the  ulna  was  nearly  an  inch  and  a 
half  in  advance  of  the  radius. 
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a, shaft  of  radius  ;  ft,  lower,  cr  carpal,  epiphysis  of 
radius,  to  which  a  small  portion  of  bone, 
chipped  from  the  posterior  surface  of  the  shaft 
of  the  radius,  is  still  adhering  ;  c,  bones  of 
carpus,  imperfectly  macerated. 

Two  cases  of  separation  of  the  lower  epiphysis  of  the  tibia  are  recorded  by  Dr. 
R.  W.  Smith  and  by  Mr.  Quain,  in  boys  aged  sixteen  and  seventeen.2 

As  to  the  precise  line  taken  by  the  fracture,  it  has  been  much  disputed  whether 
it  passes  exactly  along  the  epiphysial  line,  or  whether  a  small  portion  of  the  shaft 
adheres  to  the  epiphysial  cartilage,  owing  to  the  separation  not  having  run  accu- 

1  Mr.  Holmes,  Path.  Soc.  Trans,  xiii.  187,  records  a  case  of  a  lad,  set.  18,  where,  after  an 
injury,  the  lower  epiphyses  of  the  femur  and  tibia  for  certain,  and  probably  both  epiphyses 
of  the  fibula  also,  were  separated  from  their  diaphvses.  Where  there  has  been  intra-uteriue 
disease  of  a  nature  akin  to  rickets,  a  new-born  child  may  show  separation  of  nearly  all  the 
epiphyses  of  the  long  bones. —  Cf.  Hamilton,  luc.  supr.  nit.,  p.  33. 

2  Brit.  Med.  Journ.  1867,  Aug.  17  and  31.  Several  cases  of  separation  of  the  epiphyses 
will  be  found  recorded  by  Mr.  Holmes,  lor.  supr.  fit.  and  Path.  Soc.  Trans,  xiii.  180,  also  by 
Mr.  Hutchinson,  Path.  Soc.  Trans,  xiii.  182,  183,  204,  265;  Lond.  Hosp.  Repts.  vol.  i.  p.  88, 
vol.  ii.  347,  351  :  Clin.  Surg.  Fasc.  xi.  pi.  xl. 
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rately  along  the  epiphysial  line  in  its  whole  course,  but  having  become  in  part  a 
fracture  of  the  very  lowest  portion  of  the  shaft  (fig.  33).  Mr.  Holmes  1  has  shown 
that  the  latter  is  the  correct  view  to  take  of  this  injury,  and  he  points  out  tbat  the 
importance  of  the  question  about  the  precise  position  of  the  line  of  fracture  is  this  : 
that  the  more  exactly  it  is  limited  to  the  epiphysial  cartilage,  the  more  risk  is  there, 
both  from  the  immediate  injury  and  from  the  subsequent  inflammation  in  the 
process  of  repair,  that  the  ossifying  tissue  in  the  epiphysis  will  be  permanently 
damaged,  while  on  the  other  hand  the  more  fracture  of  the  shaft  there  is,  the  more 
hope  will  there  be  that  the  epiphysial  structures  have  escaped. 

In  every  case  of  injury  of  the  epiphysis  the  patient  or  the  friends  must  be  pre- 
pared for  the  diminished  growth  and  usefulness  which  are  so  prone  to  follow  on  these 
injuries  (fig.  34).  Mr.  Hutchinson  {loc.  infra,  cit.)  gives  some  instances  of  this, 
such  as  shortening  of  the  forearm,  deformity  and  anchylo  is  of  the  wrist,  and  dwarf- 
ing of  the  hand  occurring  after  separation  of  the  lower  epiphysis  of  the  radius  in 
childhood  (fig.  34).2 

The  following  are  the  main  points  in  the  diagnosis  of  such  an  injury  :  («)  The 
age  of  the  patient,  usually  under  twenty,  and  generally  much  younger.  ((3)  The 
usually  modified,  less  clear  character  of  the  crepitus,  (y)  The  smooth,  almost 
rounded,  somewhat  convex  feel  of  the  projecting  fragment,  very  different  from  the 
hard,  angular,  almost  sharp  feel  of  broken  bone.  (8)  The  position  of  the  displace- 
ment, i.e.  corresponding  to  an  epiphysis.  The  treatment  is  that  of  corresponding 
fractures,  but  there  is  a  great  liability  to  some  displacement  remaining  permanently. 

Where  the  surfaces  are  very  broad  and  the  violence  not  extreme,  they  are  usually 
not  completely  disengaged  j  no  great  difficulties  are  met  with  in  treatment,  and  the 
limb  is  afterwards  a  very  useful  one.  But  where  the  violence  is  so  great  as  to  cause 
com2jlete  separation  of  the  fragments,  the  case  becomes  a  grave  one  ;  setting  or  reduc- 
tion of  the  fragments,  and  keeping  them  in  place,  are  found  to  be  impossible,  and  pro- 
fuse suppuration  follows  occasionally  with  necrosis,  leading  eventually  to  amputation.3 

II.  Of  multiple  fractures  there  are  four  varieties:  1.  Two  or  more  fractures  of 
the  same  bone.  2.  Separate  fractures  of  different  bones.  3.  Splintered ;  and  4. 
Comminuted  fractures. 

1.  Double  fractures  in  the  shafts  of  bones  are  rare,  because  they  can  only  be 
produced  either  by  the  simultaneous  action  of  two  separate  forces,  or  (which  is 
virtually  the  same  thing)  by  the  action  of  a  single  force  over  a  large  surface.  For 
the  same  reason,  they  are  generally  attended  with  great  damage  to  the  soft  parts, 
and  proportionate  danger.  But  in  the  articular  extremities  of  certain  bones,  as  the 
humerus  and  femur,  they  are  not  unfrequent,  owing  to  the  peculiar  shape  of  their 
condyles,  between  which  any  transmitted  force  is  divided. 

2.  Fractures  of  two  or  more  bones  are  naturally  separable  into  two  groups.  One 
of  these  includes  the  numerous  cases  of  fracture  of  contiguous  or  parallel  bones,  as 
the  ribs,  the  two  bones  of  the  leg  or  forearm,  the  metacarpal  or  metatarsal  bones. 
The  other  group  comprises  fractures  of  two  or  more  bones  in  separate  parts  of  the 
skeleton.  Thus  a  fracture  of  the  upper  or  lower  extremity  may  coexist  with  one  of 
the  skull,  or  the  sternum  may  be  fractured  with  the  cervical  spine  from  a  violent 
bending  down  of  the  chin.  More  than  three  fractures  are  rarely  found.  Produced 
by  great  and  extensive  violence,  they  are  attended  with  excessive  shock,  and  for  the 
most  part  with  internal  inj  uries. 

3  and  4.  Splintered  and  comminuted  fractures  differ  from  one  another  prin- 
cipally in  degree.  A  splinter  is  any  pointed  fragment,  not  involving  the  whole 
thickness  of  the  bone,  except  in  the  case  of  a  flat  bone.  In  comminuted  fractures 
the  bone  or  bones  are  either  separated  into  innumerable  fragments,  or  they  are 

1  Surg.  Trent,  of  Children's  Diseases,  p.  236. 

2  Mr.  Bryant,  Pract.  of  Surg.  vol.  ii.  p.  399,  fig.  487,  figures  a  case  where  shortening  to 
the  extent  of  five  inches  had  followed  upon  injury  to  the  upper  epiphysis  of  the  humerus. 

3  This  necrosis  may  be  due  either  to  suppurative  mischief  set  up  by  the  injury  in  the  epi- 
physial cartilage,  or,  as  was  first  pointed  out  by  Mr.  Hutchinson,  loc.  supr.  cit.,  to  the  fact 
that  the  periosteum  is  very  often  in  these  cases  extensively  stripped  from  the  diaphysis, 
remaining  as  a  kind  of  sleeve  or  cap  in  connection  with  the  epiphysis. 
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crushed,  and  as  it  were  compressed.  A  variety  of  comminuted — impacted  fracture 
— is  of  common  occurrence  in  certain  localities,  as  in  the  neck  of  the  femur  and 
humerus,  and  in  the  lower  end  of  the  radius. 

III.  There  are  four  species  of  incomplete  fracture  :  1.  Fissures.  2.  Proper  in 
complete  fracture,  or  bendiug  of  bones.    3.  Separation  of  a  splinter.    4.  Perforations 

1.  Fissures  are  met  with  in  the  cranium,  the  ribs,  the  lower  jaw,  the  scapula,  and 
in  the  os  innotninatum.  They  occur,  though  not  often,  in  the  shafts  of  long  bones, 
most  frequently  in  those  of  adults,  especially  where  dh'ect  injury  is  inflicted  upon 
bones  imperfectly  covered  by  soft  parts,  e.g.  the  tibia. 

Detection  of  such  fissures  is  obviously  of  great  importance.  If  no  restrictions 
are  placed  upon  the  movements  of  the  limb,  ostitis  with  superabundant  callus  is  sure 
to  supervene.  In  diagnosing  such  injuries,  severe  and  abiding  pain,  as  distinguished 
from  the  more  diffused,  less  fixed,  and  less  intense  pain  of  a  contusion,  is  one  of  the 
best  signs  to  rely  upon.1 

2.  Another  variety  of  incomplete  fracture  is  seen  in  the  bending,  or,  as  known 
by  its  best  name,  '  green-stick  '  fracture  of  the  shafts  of  long  bones,  which  is  by  no 
means  rare  in  childhood,  especially  between  the  ages  of  five  and  fifteen.  It  has  been 
observed  in  all  the  long  bones,  but  most  frequently  in  the  forearm.  Next  in  order 
of  frequency  come  the  clavicle,  the  femur,  and  tibia.  The  usual  form  of  injury  is 
well  shown  in  the  accompanying  illustration,  copied  from  Holmes's  '  Surg.  Treat,  of 

Children's  Diseases '  (fig.  36,  p. 
234),  The  fibres  on  the  convexity 
of  the  curve  have  given  way,  those 
on  the  concave  side  being  un- 
broken. There  is  no  displacement 
of  the  fragments,  which,  indeed, 
rarely  occurs,  and  the  periosteum 
usually  remains  untorn.  With 
few  exceptions,  a  bent  bone  re- 
covers its  shape  after  a  few  weeks, 
or  perhaps  months,  by  its  own  elasticity,  aided  by  compression.  The  chief  points  in 
the  diagnosis,  in  addition  to  the  age  of  the  patient  and  history  of  injury,  are,  a 
deformity  of  the  limb  which  offers  considerable  resistance  to  its  immediate  and 
complete  removal,  a  painful  lump  at  the  site  of  injury,  and  unwillingness  on  the 
part  of  the  patient  to  move  the  limb.  Furthermore,  it  should  be  remembered  that 
while  there  is  little  or  no  immediate  evidence  of  crepitus  or  shortening,  both  these 
may  be  very  clearly  recognised  a  few  days  later,  if,  owing  to  a  second  injury,  or  to 
splints  not  having  been  applied  from  the  first,  the  periosteum  (originally  only  torn 
in  part)  give  way  completely.  The  possibility  of  partial  fracture  in  the  adult  has 
been  called  in  question  by  many.  One  positive  observation  quoted  is  by  Malgaigne,2 
the  patient  being  an  adult  and  robust  man.'  From  the  facility  with  which  these 
incomplete  fractures  may  be  produced  in  the  dead  subject  even  in  advanced  life,  by 
direct  or  by  indirect  violence,  Malgaigne  3  considers  either  that  they  are  often  over- 
looked, or  that  immediately  after  the  injury  they  become  complete.  Two  excellent 
engravings  of  this  condition  will  be  found  in  Prof.  Hamilton's  work  ; 4  but  it  is  to  be 
regretted  that  no  account  is  given. 

It  is  doubtful  whether  simple  bending,  if  of  any  duration,  occurs  in  the  human 
subject  without  fracture.  Bending  with  immediate  and  spontaneous  restoration  of 
the  bone  to  its  original  form  can  be  easily  shown  in  young  animals,  but  dissections 
are  wanting  to  prove  its  existence  in  the  human  subject.  Simple  bending  without 
any  such  restoration  may  also  occur  in  young  subjects,  and  both  Malgaigne  and 

1  For  a  case  of  fissure  of  the  tibia  (of  unusual  interest  from  the  falseness  of  the  history 
given,  and  the  difficulty  of  diagnosis)  under  the  care  of  my  colleague,  Mr.  Howse,  and  cured 
by  antiseptic  trephining,  see  Mr.  Davy's  Prize  Commentary,  Guy's  Hosp.  Repts.  1878.  For 
full  information  on  the  subject  of  fissures  of  bones,  reference  should  be  made  to  the  following  : 
Des  Fractures  Incomplete  et  des  Fissures,  par  J.  A.  J.  Campaignac,  1829;  Malgaigne,  l.s.c. 
vol.  i.  p.  34,  and  Hamilton,  l.s.c.  p.  86. 

2  L.s.c.  p.  44.  3  L.s.c.  p.  47.  i  Figs.  24  and  26,  pp.  82  and  84,  3rd  ed. 


Fig.  35. — Green-stick  Fracture  of  Clavicle.  (St. 
George's  Hospital  Museum,  i.  75,  25a.) 
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Hamilton  appear  to  believe  in  the  possibility  of  its  existence  in  cases  of  contiguous 
bones,  e.g.  the  fibula  may  be  bent  while  the  tibia  is  broken.  Discussion  has  aiisen 
on  this  point,  especially  from  the  occurrence  of  cases  in  very  young  children,  where 
after  a  fall  a  distinct  shallow  pit  has  remained  for  some  time  on  the  surface  of 
the  skull.  Thus,  on  tlie  one  hand,  Prof.  Hamilton  believes,  as  stated  above,  that  it 
it  quite  possible  for  the  bones  in  young  subjects  to  be  bent  considerably,  and  yet  to 
recover  their  shape  without  fracture )  while,  on  the  other,  Mr.  Prescott  Hewett 
believes  that  where  the  depression  is  well  marked,  some  of  the  bony  fibres  must  have 
given  way.  (See  the  essay  on  Injuries  of  the  Head)  For  the  positive  settling  of 
this  point  dissections  are  still  needed.1 

3.  The  separation  of  a  splinter,  leaving  the  remainder  of  the  bone  intact,  is  a 
rare  accident.  It  is  usually  effected  by  a  sabre  or  ball ;  hence  it  is  necessarily 
compound.  The  cranium  and  prominent  points  of  bone  are  most  exposed  to  this 
peculiar  form  of  injury.  Rarely,  indeed,  are  the  shafts  of  long  bones  so  fractured. 
Another  variety  of  incomplete  fracture,  '  sprain  fracture,'  has  been  described  by  the 
late  Mr.  Callender.2  By  this  term  are  meant  cases,  not  uncommon,  of  severe  sprain 
where  some  ruptured  ligament  has  carried  with  it  a  shell  of  bone  into  which  its 
fibres  are  inserted.  '  Their  troublesome  after- consequences  may  be  (1)  deformity  and 
impaired  movement  of  a  joint,  (2)  the  production  of  a  semi-detached  body,  which 
may  become  entangled  between  joint-surfaces,  or  (3)  necrosis  of  a  bit  of  bone  within 
an  articulation.  They  merit  attention,  because  their  origin  is  in  hurts  apt  to  be 
considered  trivial,  because  the  damage  is  unfortunately  apt  to  be  overlooked,  and 
because  some  of  them  are  amongst  the  cases  which  get  later  on  into  the  hands  of 
bone-setters  and  joint-manipulators,  usually  to  the  great  hurt  of  the  patient.'  These 
sprain  fractures  occur  usually  about  the  ankle,  also  at  the  attachment  of  the  crucial 
ligaments  in  the  knee-joint.  They  require  prolonged  and  careful  rest,  and,  as  men- 
tioned above,  occasionally  these  detached  bits  of  bone  or  cartilage  form  loose  bodies 
in  a,  joint. 

4.  Perforations,  also,  are  necessarily  connected  with  an  external  wound.  All 
bones  are  liable  to  this  form  of  fracture,  which  is  attended  by  this  peculiarity,  that 
the  body  which  inflicts  the  injury  may  remain  in  the  bone,  the  perforation  being 
complete  or  incomplete. 

IV.  The  complications  of  fractures  will  be  described  later  on  (p.  424  et  seq.) 

Diagnostic  symptoms. — The  symptoms  of  fracture  are  partly  inferential,  partly 
objective.  Amongst  the  former  are  the  evidences  of  injury  to  internal  viscera,  e.g. 
the  brain  in  fracture  of  the  skull.  The  latter  symptoms  are  of  two  kinds  :  certain, 
pathognomonic,  or  unequivocal ;  and  uncurtain,  or  equivocal.  The  unequivocal 
signs  are  four  :  the  sharp  crack  heard  by  the  patient  at  the  moment  of  fracture, 
unnatural  mobility  in  the  limb,  unnatural  shape,  and  crepitus.  The  equivocal 
symptoms  are  three  :  pain,  swelling,  and  loss  of  power. 

In  the  great  majority  of  cases  the  attention  of  the  patient  is  distracted  by  the 
sudden  pain,  by  alarm,  and  by  surrounding  noise,  so  that  he  is  not  conscious  of  the 
slight  crack  produced  by  the  snapping  of  the  bone.  It  is  generally,  however,  heard 
unmistakably  in  cases  of  fracture,  at  least  of  long  bones,  by  muscular  contraction  ; 
or  when  the  accident  happens  in  a  quiet  place,  as  in  bed,  or  during  the  efforts  to 
reduce  a  dislocation.  It  is,  when  heard,  a  valuable  sign  :  the  only  thing  with  which 
it  would  be  possible  to  confound  it  being  the  sudden  snap  of  a  tendon,  or  perhaps 
that  of  the  displacement  or  rupture  of  a  ligament  during  dislocation. 

Mobility  of  the  fragments  is,  of  course,  a  necessary  condition  both  of  deformity 
and  crepitus.  But  it  is  frequently  diagnostic  by  itself,  as  in  fracture  of  deep  seated 
bones,  or  when  there  is  separation  of  the  fragments.  The  most  readily  detected  and 
most  conclusive  test  of  fracture  of  the  fibula  is,  mobility  of  the  lower  fragment 
without  the  upper.  It  frequently  occurs,  however,  that  this  symptom  is  either 
absent,  or  not  sufficiently  decided  for  the  purpose  of  diagnosis.    In  many  fractures  of 

1  For  cases,  see  Mr.  Le  Gros  Clark's  Lectures  on  Surgical  Diagnosis,  p.  94  ;  Mr.  Bryant's 
Surgery,  vol.  ii.  p.  358,  fig.  414. 

2  St.  Bartholomew's  Hosj).  Repts.  vol.  vi.  p.  51. 
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short  and  flat  bones,  as  of  the  spine  or  pelvis,  it  can  scarcely  be  said  to  exist.  The 
same  is  tbe  case  with  some  fractures  of  a  single  bone,  supported  by  a  neighbour, 
where  one  acts  as  a  splint  to  the  other ;  and  in  dentated  and  impacted  fractures. 
And  in  all  fractures  in  the  neighboui'hood  of  joints,  e.g.  neck  of  femur,  its  interpreta- 
tion is  interfered  with  by  two  causes — the  difficulty  of  holding  the  smaller  fragment, 
and  the  natural  mobility  of  the  joint.  Lastly,  it  is  a  test  not  to  be  relied  on  as 
applicable  to  the  ribs,  on  account  of  their  elasticity. 

Of  all  the  symptoms  of  fracture,  altered  shape  is  the  most  valuable,  because  it  is 
the  one  which  gives  the  greatest  amount  of  information.  It  is  not,  of  course,  pre- 
sent in  every  case,  being  often  prevented  by  the  shape  or  connections  of  the  bone 
broken;  as  in  fracture  of  the  broad  upper  end  of  the  tibia,  or  ulna;  of  one  of  two 
parallel  bones  :  of  the"  sternum  ;  of  the  face  or  cranium. 

There  are  five  varieties  of  displacement,  having  reference,  1.  To  the  diameter  of 
the  bone,  transverse  or  lateral ;  2.  To  its  length,  overlapping  or  riding ;  3,  To  its 
axis,  angular  displacement;  4.  To  its  circumference,  rotation;  and  5.  To  the  conti- 
guity of  the  fragments,  direct  separation. 

Transverse  displacement  may  take  place  in  any  direction.  Its  amount  is  equally 
variable.  When  complete,  it  is  necessarily  accompanied  by  shortening,  unless  this 
be  prevented  by  the  support  of  a  neighbouring  bone.  In  deeply  seated  fractures  it 
may  be  ascertained,  though  not  so  readily,  by  tracing  the  bone  with  the  fingers,  and 
by  noting  the  increase  in  the  diameter  of  the  limb  at  the  seat  of  fracture.  Longitu- 
dinal displacement  is  present  to  a  greater  or  less  extent  in  all  oblique  fractures.  In 
all  cases  it  is  the  inferior  fragment  which  is  displaced.  In  most  cases,  there  is  more 
or  less  angular  displacement,  a  species  of  deformity  rarely  absent  from  the  fractures 
of  long  bones,  being  readily  produced  by  the  mere  weight  of  the  limb,  and  which, 
when  distinctly  marked,  is  in  itself  sufficient  evidence  of  the  nature  of  the  injury. 
Rotatory  displacement  is  also  effected  by  the  movement  of  the  lower  fragment.  It 
is  especially  characteristic  of  fractures  of  the  femur,  though  not  confined  to  them  ; 
a,nd  is  recognised  by  comparing  the  positions  of  the  processes  of  the  broken  bone  with 
their  natural  relations.  Displacement  by  separation  takes  place  in  nearly  all  (trans- 
verse) fractures  of  the  patella,  olecranon,  and  os  calcis,  in  all  of  which  it  is  produced 
by  muscular  contraction.    It  is  rarely  seen  elsewhere. 

The  causes  of  these  various  kinds  of  displacement  are  four  :  the  continued  action 
of  the  violence  which  caused  the  fracture  ;  the  weight  of  the  limb,  or  of  the  body  ; 
subsequent  violence ;  the  direction  of  the  fracture,  and  influence  of  the  muscles. 
The  original  violence  is  the  sole  cause  of  impaction,  and  the  chief  agent  of  angular 
displacement.  Most  indirect  fractures  of  the  lower  extremity,  and  those  of  the 
upper  which  are  caused  by  falls  on  the  hand,  suffer  from  the  weight  of  the  body. 
This,  indeed,  it  is  which  renders  many  indirect  fractures  compound.  Angular  and 
rotatory  displacement  are  to  a  great  extent  caused  by  the  weight  of  the  limb.  It  is 
not  often  that  any  subsequent  violence  is  brought  to  bear  on  the  position  of  the  frag- 
ments, except  through  the  imprudence  of  those  who  carry  the  patient,  or  of  himself 
during  delirium.  The  most  powerful  and  most  unfailing  cause  of  displacement  is  con- 
stant muscular  action.  This  is  twofold  :  tonic  and  spasmodic  contraction.  Although 
muscular  contraction  has  a  large  share  in  the  production  of  all  the  forms  of  displace- 
ment, it  is  the  special  agent  of  shortening.  The  muscles  connected  with  the  lower 
fragment  are  answerable  for  this  result,  so  that  in  the  great  majority  of  cases  it  is 
this  fragment  which  suffers  displacement,  and  is  brought  into  contact  with  the 
upper  ;  the  apparent  rising  of  the  latter  being  due  solely  to  the  displacement  of  the 
former.  But  in  fractures  near  to  the  upper  end  of  a  bone,  transverse  displacement 
may  be  effected  by  the  muscles  attached  to  the  upper  fragment,  as  happens  in  fracture 
of  the  femur  immediately  below  the  trochanters,  and  of  the  neck  of  the  humerus. 
In  children  the  fragments  usually  undergo  less  displacement  than  in  adults  ;  partly 
because,  on  account  of  the  elasticity  of  their  bones,  their  fractures  are  more  irre  ■ 
gular ;  but  principally  because  the  periosteum  is  often  not  completely  torn  across, 
and  the  patients  are  much  less  exposed  to  the  after-causes  of  displacement. 

In  examining  for  displacement,  the  only  sources  of  fallacy  are  the  remains  of 
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some  former  injury,  which  must  be  learnt  by  inquiry,  and  the  presence  of  splinters 
or  of  effused  blood  ;  which  last  may  mask,  or  simulate,  a  bony  ridge.  The  sensation 
imparted  by  coagulated  blood  has  more  than  once  led  to  error  in  the  examination 
of  the  cranium  for  fracture ;  and  a  similar  condition  is  occasionally  met  with  over 
other  superficial  bones. 

Crepitus  may  be  recognised  in  most  cases  of  fracture,  and  is  a  symptom  which 
cannot  mislead.  In  splintered  and  comminuted  fractures,  and  when  the  fragments 
are  loose,  the  least  motion  or  pressure  suffices  to  determine  it.  Generally,  however, 
some  care  and  art  is  requisite  for  the  purpose;  the  lower  fragment  being  moved 
while  the  upper  is  fixed  by  a  firm  grasp,  or  both  fragments  being  simultaneously  moved 
in  opposite  directions.  In  doubtful  cases,  or  where  the  limb  is  large,  the  examina- 
tion is  facilitated  by  confiding  the  upper  fragment  to  an  assistant,  and  exploring  the 
supposed  seat  of  fracture  with  the  fingers  during  the  above  movements.  In  certain 
fractures  in  the  neighbourhood  of  joints,  as  the  hip  or  shoulder,  rotation  of  the  limb, 
or  flexion  and  extension,  answers  the  purpose  better  than  lateral  movements.  In 
green-stick  fractures  no  crepitus  can  be  produced  till  the  bone  is  straightened,  and 
the  broken  surfaces  brought  into  contact  with  each  other,  and  not  always  then.  In 
many  fractures  of  the  ribs,  the  necessary  movements  can  only  be  effected  by  making 
the  patient  cough.  To  facilitate  the  discovery  of  crepitus  in  obscure  cases,  M. 
Lisfranc  1  advocates  the  use  of  the  stethoscope,  which  may  be  occasionally  resorted 
to  with  advantage  in  the  examination  of  fractures  of  the  ribs,  pelvis,  or  shoulder,  or 
when  there  is  excessive  swelling.  But  in  mostcases  it  is  unnecessary  and  cumbersome. 

In  many  instances  this  symptom  is  altogether  wanting  :  in  all  impacted,  and 
many  dentated  fractures ;  when  the  fragments  are  separated,  as  in  fracture  of  the 
patella ;  when  they  ride  (in  which  case  it  can  only  be  obtained  after  elongation) ; 
also  in  some  fractures  of  a  single  bone  in  limbs  provided  with  two,  when  its  neigh- 
bour prevents  the  necessary  movements  ;  or  when  a  clot  of  blood  or  bit  of  muscle 
intervenes  between  the  fragments. 

A  sound  more  or  less  resembling  crepitus  may  be  caused  by  emphysema;  by  the 
rubbing  of  inflamed  bursas,  or  tendons  in  their  sheaths,  or  of  the  inflamed  and 
roughened  surfaces  of  a  joint,  aided,  according  to  Sir  A.  Cooper,2  by  the  altered 
state  of  the  synovia.  This  sound,  as  compared  with  crepitus,  is  slight,  dull,  and 
creaking,  and  may  be  produced  by  simple  pressure  of  the  joint ;  and  the  rubbing  of 
tendons  is  analogous  to  it,  and  jerking.3 

The  remaining  symptoms,  pain,  swelling,  and  loss  of  power,  being  common  to 
other  forms  of  injury,  are  of  little  or  no  certain  value  for  the  purpose  of  diag- 
nosis. The  value  of  abiding  pain  has  been  alluded  to  in  the  diagnosis  of  fissures 
(p.  410)  :  this  symptom  is  also  most  noteworthy  in  cases  of  transverse  fracture  with 
but  little  displacement  of  a  deeply-seated  bone,  e.g.  the  tibia  in  its  upper  third,  or  of 
a  bone  thickly  covered  with  muscle,  e.g.  the  fibula  in  its  upper  two-thirds.  Swelling 
and  loss  of  power  are  prominent  and  common  symptoms  in  severe  contusions.  Be- 
tween the  latter  and  a  fracture  in  the  neighbourhood  of  a  joint,  e.g.  the  hip,  an 
accurate  diagnosis  is  of  great  importance,  especially  after  middle  life,  where  atrophic 
changes  in  the  bone  and  chronic  arthritis  may  have  already  brought  about  a  tendency 
to  shortening.  In  these  cases  the  presence  or  absence  of  immediate  shortening  and 
crepitus  will  be  found  the  most  reliable  points,  and  in  the  making  out  of  these  the 
use  of  an  anaesthetic  is  often  judicious. 

There  are  two  forms  of  injury  which  may  be  mistaken  for  fracture — a  severe 
bruise,  and  dislocation.  In  some  instances  of  the  former  it  is  not  possible  to  obtain 
conclusive  evidence  of  the  nature  of  the  case  till  after  the  subsidence  of  the  swelling  : 
the  chief  diagnostic  points  have  already  been  alluded  to.  There  is  seldom  much 
difficulty  in  distinguishing  dislocation  from  a  fracture  near  the  joint.    In  the  former 

1  Mem.  sur  de  nouvelles  Applications  du  Stethoscope,  par  M.  J.  Lisfranc.  Paris,  1824, 
and  Edinb.  Med.  and  Surg.  Journ.  No.  78,  p.  237. 

2  On  Dislocations,  §c.  p.  4. 

3  The  modified  crepitus,  met  with  in  separation  of  epiphyses,  has  already  been  alluded 
to,  p.  409. 
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the  natural  movements  of  the  joint  are  impeded,  and  the  bones  are  more  or  less  fixed 
in  their  new  position  ;  they  offer  considerable  resistance  to  reduction,  but,  when 
reduced,  remain  so.  In  fracture,  besides  the  crepitus,  when  it  exists,  there  is  preter- 
natural mobility,  and  the  length  and  shape  of  the  limb  may  be  readily  restored  by 
extension,  but  only  so  long  as  this  extension  lasts.  In  the  fractures  near  superficial 
joints,  as  the  elbow  or  wrist,  a  careful  examination  of  the  relations  of  the  most  pro- 
minent processes  is  essential.  In  case  of  any  doubt,  it  is  often  well  to  make  a  more 
careful  examination  with  an  anaesthetic,  and  it  is  always  advisable  under  such  cir- 
cumstances to  give  a  guarded  prognosis. 

Besides  the  above  general  symptoms,  variously  combined  in  different  cases,  there 
are  others  peculiar  to  certain  forms  of  fracture.  Of  course  in  compound  fractures 
there  is  little  room  for  uncertainty,  because  the  nature  and  extent  of  the  injury  are 
exposed  to  the  view  and  touch.  When  a  compound  fracture  extends  into  a  joint, 
there  is  commonly  an  escape  of  synovial  fluid,  and  at  a  later  period  symptoms  of 
inflammation  of  the  joint  itself.  These  and  numerous  other  common  but  more  especial 
symptoms  will  be  alluded  to  under  the  head  of  '  Complications  of  Fractures.' 

Treatment. — Immediately  after  the  accident,  there  are  certain  minor  much- 
neglected  precautions  to  be  taken,  the  observance  of  which  materially  affects  the 
comfort  and  well-being  of  the  patient.  Many  fractures  of  the  lower  extremities  are 
seriously  aggravated  by  the  patient's  own  movements,  or  by  the  ignorance  and 
thoughtlessness  of  attendants.  Frequently  a  simple  is  converted  into  a  compound 
fracture,  and  the  foundation  laid  for  violent  inflammation  and  spasms.  By  a  little 
care  such  accidents  may  readily  be  avoided.  The  patient  should  be  placed  on  a  hori- 
zontal support;  whether  a  door,  hurdle,  or  shutter,  or  a  proper  litter,  and  the  foot  of 
the  injured  limb  should  be  tied  to  the  other  to  prevent  its  eversion  by  its  own 
weight.  Conveyance  in  a  carriage  of  any  kind  is  to  be  condemned.  Wherever  the 
nature  of  an  employment  engenders  many  accidents  of  this  kind,  as  in  mines,  special 
apparatus  should  be  provided. 

No  examination  of  the  fracture  should  ever  be  made  till  the  patient  occupies  that 
position  in  which  he  is  intended  to  remain  during  the  treatment.  All  voluntary 
movements  on  his  part  must  be  discouraged  during  the  removal  of  the  clothes,  by 
cutting  and  subsequent  examination.  In  making  this,  the  surgeon  should  neither 
touch  nor  handle  the  limb  till  he  has  obtained  all  possible  information  from  a  car  eful 
inquiry  into  the  history  of  the  accident,  and  a  detection  by  sight  alone  of  any  altera- 
tion in  the  natural  position  and  outline  of  the  part,  and  of  the  amount  of  ecchymosis, 
swelling,  &c.  These  failing,  careful  measurement  should  be  taken,  and  any  irre- 
gularity noted  by  gently  passing  a  finger-point  over  the  surface.  Attempts  to  detect 
crepitus  or  abnormal  mobility  should  be  left  to  the  last,  and  in  this  part  of  the 
examination  the  advice  given  above,  under  the  head  of  '  Crepitus,'  should  be  borne  in 
mind.  In  a  few  cases  which  are  not  cleared  up  by  the  above  means,  e.g.  in  fractures 
which  are  deep  seated  or  near  a  joint,  in  cases  where  there  is  great  and  rapid  swelling, 
excessive  pain,  extreme  nervousness,  powerful  or  spasmodic  muscular  contraction,  in 
some  incomplete  fractures,  and  often  in  children,  the  use  of  an  anaesthetic  is  indicated 
before  a  complete  examination  can  be  made  or  reduction  effected.  But  this  step 
should  not  be  taken  unless  the  surgeon  has  at  his  command  sufficient  assistance  to 
entirely  control  the  struggles  of  the  patient,  and  it  is  always  to  be  remembered  that 
the  insensibility  of  a  patient  under  the  influence  of  an  anaesthetic  does  not  sanction 
rough  or  prolonged  manipulations. 

The  treatment  presents  three  indications  :  reduction  of  the  fragments  to  their 
normal  position ;  their  maintenance  in  this  position  till  consolidation  is  effected ; 
and  the  treatment  of  unfavourable  constitutional  symptoms  and  complications. 

If  there  is  no  displacement,  or  if,  by  reason  of  ecchymosis,  or  of  the  depth  of  the 
fracture,  it  cannot  be  ascertained  ;  or  if,  although  distinctly  recognised,  it  cannot  be 
removed,  as  in  fracture  of  spine,  no  attempt  at  interference  is  to  be  made.  The 
means  of  reduction  necessarily  vary  with  the  nature  of  the  displacement.  For 
angular  or  rotatory  displacement,  or  simple  separation,  they  are  sufficiently  obvious. 
But  the  rectification  of  shortening  by  extension  presents  greater  difficulties.    It  may 
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be  made  either  by  the  hands  or  by  the  assistance  of  apparatus.  French  writers 
speak  of  the  common  use  of  pulleys  for  this  purpose  ;  but  there  are  serious  objections 
to  their  employment.  The  force  used  in  effecting  reduction  should  not  greatly,  if  at 
all,  exceed  that  which  can  be  permanently  maintained  :  and  if  the  present  obstacles 
refuse  to  yield  to  milder  methods,  it  is  better  not  to  run  the  risk  of  aggravating  the 
existing  injury  by  violence,  but  to  trust  to  a  deferred  attempt,  or  to  the  use  of 
prolonged  extension  by  weights  gradually  increased,  &c. 

During  extension  the  upper  fragment  must  be  fixed  [counter-extension)  either  by 
the  operator  himself  or  by  tbe  hands  of  assistants,  care  being  taken  to  exert  equal 
force  in  each  direction.  For  the  application  of  extension,  whether  during  reduction 
or  permanently,  Boyer  lays  down  five  rules,  of  which  at  least  four  are  essential  to 
success  :  1.  To  avoid  compressing  the  muscles  which  pass  over  the  fracture,  such 
compression  being  calculated  to  irritate  them,  and  excite  them  to  increased  resistance. 
This  rule  is  not  always  regarded,  and  is  the  least  important.  2.  To  distribute  over 
as  large  a  surface  as  possible  the  extending  and  counter-extending  forces.  The  parts 
to  which  these  forces  are  to  be  applied  vary  in  different  cases.  In  some  cases,  e.g. 
fracture  of  neck  of  femur,  it  is  impossible  to  take  hold  of  the  two  fragments.  Often 
convenience  is  the  best  guide,  the  grasp  being  laid  upon  that  part  of  the  limb  which 
offers  the  most  secure  ami  most  effective  hold,  and  it  being  always  remembered  that 
prolonged  extension  by  assistants  upon  the  foot  and  leg  in  fractures  of  the  tibia  and 
femur  may  weaken  considerably  the  ligaments  of  the  knee  and  ankle.  3.  To  make 
the  extension  in  the  direction  of  the  natural  axis  of  the  bone.  4.  To  practise  it 
slowly  and  gradually,  avoiding  all  jerks  and  sudden  violence,  which  not  only  increase 
the  spasmodic  resistance  of  the  muscles,  but  may  even  lacerate  both  them  and  other 
soft  tissues.  5.  To  protect  from  undue  pressure  all  parts  on  which  the  forces  act, 
and  to  equalise  the  compression  of  the  various  parts  of  the  apparatus  employed.1 

In  certain  fractures,  e.g.  oblique  fractures  of  the  femur  in  adults,  it  is  often 
absolutely  impossible  to  restore  the  full  length  of  the  bone ;  2  as  soon  as  a  wise 
amount  of  extension  has  been  made,  the  ends  of  the  bone  are  to  be  placed  as  nearly 
as  possible  in  their  natural  relations  (coaptation  or  setting).  This  is  effected  by 
bringing  the  lower  fragment  into  the  same  straight  line  as  the  upper,  which  remains 
fixed.  In  the  fractures  of  subcutaneous  bones  it  is  generally  easy  to  see  when  the 
extension  is  sufficient,  and  coaptation  perfect.  Not  so,  however,  when  the  fracture 
is  concealed  by  extravasation  or  a  thick  mass  of  muscle.  Sometimes,  indeed,  the 
sudden  restoration  of  the  outward  form  of  the  limb  is  a  sufficient  guarantee  of  the 
mutual  adaptation  of  the  fragments.  Failing  this  guide,  recourse  must  be  had  to 
measurement.  Should  there  be  any  deformity  of  the  opposite  side,  resulting  from  a 
previous  mishap,  advantage  may  be  taken  of  the  present  accident  to  equalise  the  two 
extremities.  With  reference  to  this  subject  of  measurements,  Mr.  Hilton  used  long- 
ago  to  point  out,  as  a  condition  of  importance  in  the  diagnosis  of  hip-joint  disease 
that  one  lower  extremity  is  often  congenitally  shorter  than  its  fellow  ('  Rest  and  Pain,' 
Sect,  xiv.)  Mr.  Hilton's  remarks  have  recently  received  abundant  confirmation  in 
the  conclusions  at  which  certain  American  surgeons  have  arrived  on  this  subject, 
one  of  evident  importance  in  practice,  especially  on  the  other  side  of  the  Atlantic, 
where  actions  for  malpractice  are  not  uncommon.  The  most  important  points  are  : 
1.  The  greater  number  of  normal  lower  limbs  are  unequal  in  length.  2.  The  left 
lower  limb  is  oftener  longer  than  the  right.  3.  The  probable  average  natural  in- 
equality of  the  lower  limbs,  is  about  one  quarter  of  an  inch,  perhaps  a  little  more 

1  No  mention  is  made  in  these  rules  of  a  point  considered  of  cardinal  importance  by 
English  surgeons  in  the  setting  and  '  putting  up '  of  fractures,  viz.  that  the  chief  muscles 
connected  with  the  fragments  should  always,  if  possible,  be  relaxed.  It  is  obvious  that,  if 
extension  and  counter-extension  be  made  not  upon  the  fragments  themselves,  but  on  neigh- 
bouring bones,  the  limb  must  be  kept  straight  in  order  to  bring  extension  and  counter- 
extension  into  the  same  straight  line,  and  thus  the  advantage  to  be  gained  from  relaxing  the 
muscles  by  flexion  of  the  limb  will  often  be  lost. 

2  JJalgaigne,  loc.  supr.  cit.  pp.  723,  724  ;  Hamilton,  p.  410,  et  seq.  Montgomery,  with 
experiments  on  the  dead  subject,  American  Journ.  of  Med.  Science,  July,  1872,  p.  112. 
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than  this.  4.  The  probable  .average  accidental  inequality  of  the  lower  limbs,  after 
good  treatment  of  fracture  of  the  femur,  is  about  three  quarters  of  an  inch.1 

When  extension  is  complete,  it  does  not  always  follow  that  coaptation  is  easy. 
The  sources  of  difficulty  are  three  :  irregularity  of  the  fracture ;  the  presence  of 
splinters  ;  and  the  interposition  of  soft  parts.  In  the  case  of  a  dentate  or  impacted 
fracture,  it  is  necessary  to  extend  the  limb  beyond  its  natural  length,  and  then,  by 
variously-directed  manoeuvres,  to  coax  the  fragments  together.  Partial  rotation  will 
sometimes  effect  the  object.  But,  if  the  displacement  resist  all  reasonable  efforts,  it 
is  better  to  suffer  the  deformity  to  remain  (unless  it  is  excessive,  or  is  likely  to  inter- 
fere with  the  performance  of  the  functions  of  the  limb),  than  to  run  the  risk  of  pro- 
ducing serious  mischief  by  violence.  The  same  may  be  said  of  those  cases  in  which 
reduction  is  prevented  by  the  peculiar  position  of  a  splinter,  in  which  much  manipula- 
tion would  be  highly  dangerous.  Even  if  the  splinter  is  superficial,  unless  it  is  so 
prominent  as  to  render  its  ulceration  through  the  skin  a  matter  of  certainty,  it 
should  be  left  alone.  Only  in  the  latter  case  is  it  justifiable  to  extract  it.  When 
any  soft  parts  intervene  between  the  fragments,  they  are  generally  released  by  the 
means  indicated  above.  If  they  are  not,  it  is  far  better  to  trust  to  the  probability 
of  the  absorption  of  the  intervening  tissue  by  the  pressure  of  the  fragments.2 

As  a  general  rule,  reduction  is  to  effected  immediately  after  the  accident.  Some 
surgeons,  it  is  true,  have  recommended  that  it  be  delayed  for  three  or  four,  or  even 
ten  or  twelve  days,  till  all  fear  of  inflammation  be  past.  No  reparative  process 
being  yet  commenced,  the  position  during  that  period  does  not  affect  the  final  result ; 
and  the  difficulties  of  reduction  are,  according  to  them,  scarcely,  if  at  all,  increased 
by  the  delay.  Nevertheless,  immediate  reduction  has  great  advantages.3  It  removes 
the  risk  of  the  muscles  being  fretted  into  a  state  of  spasm  by  irritation  of  the  ends  of 
the  fragments,  and  allays  the  anxiety  of  the  patient,  and  saves  him  from  future 
and  unnecessary  pain.  Moreover,  it  is  not  true  that  reduction  at  a  later  period  is 
equally  easy.  Not  only  are  the  fragments  more  or  less  fixed  by  surrounding  effusion, 
but  the  muscles,  accustomed  to  a  new  position,  and  with  their  fasciculi  often  matted 
with  inflammatory  adhesions,  offer  greater  resistance  to  a  change.  Ther  e  are,  however, 
two  classes  of  cases  in  which  immediate  reduction  is  either  impracticable  or  unadvis- 
able.  If  there  has  been  from  the  first  excessive  ecchymosis,  or  if  when  the  patient  is 
first  seen  much  inflammation  has  already  supervened,  the  attempt  may  be  not  only 
unbearable,  but  highly  injurious,  causing  laceration  of  the  soft  parts,  spasms,  convul- 
sions, or  even  tetanus.  The  inflammation  must  be  combated  by  the  ordinary  means, 
and  reduction  deferred  till  it  is  fully  subdued.  Still  more  serious  is  the  obstacle 
presented,  in  the  other  class  of  cases,  by  excessive  spasm.  Spasm  is  a  very  constant 
accompaniment  of  fracture,  especially  if  in  the  neighbourhood  of  a  joint;  so  constant 
indeed,  as  to  be  considered,  in  doubtful  cases,  almost  diagnostic.  Its  degrees  are 
variable,  from  slight  nocturnal  twitchings,  ceasing  after  the  second  or  thud  day,  to 
uncontrollable  oft-recurring  contractions,  accompanied,  it  may  be,  by  general  convul- 
sions. The  causes  of  spasm  are  three  :  the  irritation  of  fragments,  injury  or  pressure 
on  nerves,4  and  the  altered  position  of  the  muscles  themselves,  whether  increasing  or 

1  For  a  summing-up  of  the  opinions  of  American  surgeons  on  Ihis  point,  see  Loud.  Med. 
Re.c.  May  1878,  and  Mr.  Hilton's  Rest  and  Pain,  3rd  ed.  p.  419. 

2  This  point  is  referred  to  again  under  the  head  of  '  Ununited  Fracture,'  p.  440. 

3  '  I  would  advise  you  always  with  severe  fractures  to  set  the  bones  at  once,  before  there 
is  much  extravasation  of  blood.  .  .  .  But  if  the  "  putting  up  "  is  not  effected  before  the 
occurrence  of  great  tumefaction,  then  the  final  adjustment  of  the  fracture  ought,  in  my 
opinion,  to  be  deferred  ;  .  .  .  the  limb  in  the  meanwhile  may  be  retained  between  sand-bags, 
and  probably  in  from  five  to  ten  days  the  swelling  will  have  sufficiently  decreased  to  allow 
of  splints  being  properly  applied.' — Mr.  Hilton,  '  Clinical  Lectures,'  Guy's  Hosp.  Repts.  vol. 
xxxiii.  42.  Again  Prof.  Hamilton,  l.s.c.  p.  45,  says  :  '  If  it  is  true  that  no  callus  is  deposited 
earlier  than  the  seventh  or  tenth  day,  it  is  also  true  that  the  renewed  attempt  to  adjust  the 
bones  at  this  period,  by  chafing  and  tearing  again  the  tissues,  reduces  the  fracture,  in  some 
degree,  to  the  same  condition  in  which  it  was  at  first,  and,  consequently,  tie  time  which  has 
elapsed,  or  at  least  a  portion  of  it,  may  be  regarded  as  lost.' 

4  Thus  spasms  passing  on  into  tetanus  have  occurred  when  the  posterior  tibial  nerve  has 
been  stretched  over  a  dislocated  astragalus  or  over  the  irregular  fragments  of  a  comminuted 
tibia. 
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diminishing  their  habitual  tension.  If  they  are  much  bruised,  the  spasm  may  be 
less  severe  at  first  than  at  a  later  period,  after  they  have  recovered  their  func- 
tions. .  Usually,  it  ceases  spontaneously  about  the  third  day.  The  defeat  of  spasm 
by  force  is  hopeless.  Laceration  of  the  muscles  or  of  the  vessels,  or  tetanus,  will  be 
the  only  result.  Still  more  hopeless  will  be  the  attempt  if  inflammation  is  super- 
added. The  two  main  remedies  to  be  relied  on  are  position  and  energetic  antiphlo- 
gistic treatment.  Thus  in  certain  cases  of  strong  plethoric  adults,  it  may  be  advisable, 
considering  the  very  different  circumstances  to  which  the  circulation  has  been  sud- 
denly submitted,  to  follow  the  old  treatment  of  venesection.  Full  doses  of  opium  or 
subcutaneous  injection  of  morphia  or  solution  of  atropia  sulphate  (ntij.  =  T^^  of  a 
grain)  are  often  of  great  service.  It  may  be  necessary  to  administer  ether  or  chloro- 
form repeatedly  in  small  quantities,  so  as  to  sustain  their  influence ;  for,  occasionally 
in  severe  cases,  the  spasms  will  return,  whenever  the  effects  of  the  anaesthetic  pass 
oft',  for  many  days.  The  limb  should  be  placed  in  the  position  which  relaxes  the 
muscles  to  the  utmost.  Occasionally  recourse  may  be  had  to  subcutaneous  division 
of  the  opposing  tendons,  an  operation  which  has  hitherto  been  practised  only  in  the 
lower  extremity. 

In  the  reduction  of  incomplete  fractures  considerable  difficulty  may  be  experienced. 
Immediate  complete  reduction  is,  indeed,  out  of  the  question.  Usually,  however,  the 
curve  yields  partially,  to  be  entirely  removed  only  after  many  days,  or  weeks,  by  the 
pressure  of  splints,  aided,  if  needful,  by  manipulations  at  intervals,  the  patient  being 
under  the  influence  of  ether.  .  But  if  from  irregularities  of  the  broken  surfaces  even 
this  partial  yielding  cannot  be  obtained,  and  the  mal-position  interferes  materially 
with  the  functions  of  the  limb  (such  as  pronation  and  supination  in  curvature  of  the 
forearm),  the  fracture  must  be  rendered  complete,  or  antiseptic  osteotomy  performed, 
in  order  to  straighten  the  limb. 

After  reduction  is  effected,  the  whole  treatment  is  directed  towards  obviating  the 
influence  of  those  causes  which  tend  to  reproduce  displacement.  Those  causes  are 
three  :  1.  The  weight  of  body,  the  limb,  and  its  coverings.  2.  The  action  of  the 
muscles.  3.  The  movements  of  the  patient.  They  are  to  be  obviated  by  position 
and  apparatus.  But,  whatever  be  the  position  adopted  or  the  apparatus  employed, 
it  is  essential  that  the  basis  of  support  for  both  the  body  and  limb  be  firm,  unyield- 
ing, and  equable.1  It  is  also  essential,  whatever  kind  of  apparatus  be  used,  that 
every  part  of  the  limb  be  equally  supported,  otherwise  its  own  weight  will  reproduce 
displacement.  The  apparatus  must  be  adapted,  by  its  own  shape,  or  by  the  use  of 
pads,  to  the  inequalities  of  the  limb.  All  pressure  on  prominent  points  must  be 
avoided. 

The  apparatus  for  retention  is  very  various.  It  includes — 1.  splints;  2.  junks  ; 
3.  numerous  forms  of  hyponarthecic  apparatus ;  4.  apparatus  for  maintaining  flexion 
or  extension  ;  5.  immovable  apparatus.2 

In  fracture  of  the  extremities,  various  advantages  have  been  assigned  to  the  use 
of  circular  ba.ndages  beneath  the  splints.  They  have  been  supposed  to  contribute  to 
the  support  of  the  fragments  ;  to  diminish  oedema,  and  promote  absorption  of  effu- 
sions ;  and  to  abate  the  irritability  of  the  muscles  by  the  equable  compression  of  all 
parts  of  the  limb.  For  support,  however,  they  are  altogether  superfluous  ;  their  in- 
fluence on  spasms  is  questionable  ;  their  pressure  is  often  unbearable  and  injurious, 
and  they  remove  from  view  the  seat  of  fracture.  They  are  of  service  only  if  the 
splints  occasion  oedema  (which,  however,  if  properly  applied,  they  rarely  do  ) ;  thus  in 
fracture  of  the  humerus  the  fingers  and  forearm  may  be  bandaged,  but  the  roller  is 
not  to  be  carried  above  the  elbow.    If  they  are  used,  it  is  necessary  to  examine  the 

1  In  private  practice  the  beds  are  often  too  large  and  always  too  soft.  An  iron  bedstead, 
the  width  of  whicli  will  allow  attendants  to  get  at  the  patient  easily  on  both  sides,  with  the 
woven  wire  mattress,  which  is  airy  and  sufficiently  elastic  to  prevent  bed-sores,  and  firm 
enough  for  support,  will  be  found  the  best.  Where  this  is  not  obtainable,  a  firm  mattress, 
or,  in  fractures  of  the  lower  extremity,  a  hoard  under  mattress  or  pillows,  beneath  the  frac- 
tured limb,  will  be  found  to  answer  in  most  cases. 

2  For  a  more  detailed  account  of  the  different  apparatus,  the  articles  on  the  special  frac- 
tures should  be  referred  to  ;  see  also  Hamilton,  l.s.c.  ch.  v. 
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limb  frequently,  lest  hidden  mischief  supervene.  The  early  application  of  circular 
compression  has,  on  several  occasions,  given  rise  to  fatal  gangrene,  which  has  not 
been  manifested  by  pain  or  any  other  symptom  till  too  late.1  The  many-tailed 
bandage  may  sometimes  be  useful  in  inflamed  and  compound  fractures  for  the  re- 
tention of  dressings,  and  the  approximation  of  the  sides  of  the  wound. 

Most  fractures  may  be  conveniently  treated  with  splints.  Pasteboard,  felt,  or 
gutta-percha  splints,  which  admit  of  being  accurately  moulded  to  the  limb,  may  be 
used  for  nearly  all  fractures  in  children,  and  for  those  of  the  phalanges  in  adults ; 
they  are  also  very  useful  in  replacing  wooden  splints  after  a  short  interval  where 
stiffness  of  a  joint  is  much  to  be  feared,  e.g.  in  Colles's  fracture,  and  from  the  first 
where  a  fragment  cannot  be  otherwise  commanded,  e.g.  fractures  of  the  neck  of  the 
humerus.  In  other  cases  the  support  they  give  is  insufficient.  Metal  splints  are 
for  the  most  part  cumbersome  ;  but  perforated  zinc,  from  its  flexibility,  lightness,  and 
coolness,  will  often  be  found  useful.  The  length  of  splints  must  vary  according  to 
the  purpose  which  they  are  intended  to  answer,  and  the  limb  to  which  they  are  to 
be  applied.  Their  proper  use  is  to  preserve  steadiness  of  the  fragments  without 
compressing  the  actual  seat  of  fracture.  Pott  accordingly  lays  down  a  rule  that  they 
are  to  include  the  joints  above  and  below.  In  fractures  of  the  leg  this  is  to  be 
universally  observed,  because  all  kinds  of  displacement  are  thus  obviated.  The  rule 
is,  however,  not  absolute  ;  thus  in  fractures  of  the  upper  extremity  generally,  flexion 
of  the  joints  is  a  positive  bar  to  the  application  of  the  law.  But  whenever  the  move- 
ments of  a  joint  would  derange  the  fragments,  that  joint  must  be  confined  by  the 
splints. 

A  good  occasional  substitute  for  splints  is  found  in  junks  (jtmcus,  a  reed,  pieces 
of  cane  sewn  into  stout  calico  or  cloth),  which,  enclosing  three  sides  of  the  limb,  on 
all  of  which  they  make  equable  compression,  sometimes  succeed  in  overcoming  dis- 
placement, even  obstinate  riding,  where  splints  fail. 

By  hyponarthecic  apparatus  is  meant  that  which  merely  supports  the  limb 
beneath,  leaving  it  free  and  exposed  to  view  elsewhere.2  The  indications  aimed  at  in 
their  employment  are  two  :  position  (many  of  the  varieties  having  special  arrange- 
ments for  flexion),  and  exposure  of  the  limb  for  examination  and  the  application  of 
dressings.  For  the  latter  object  they  are  useful  in  the  treatment  of  inflamed  and 
compound  fractures,  as  they  reconcile  the  proper  care  of  the  wound  with  firm  retention 
of  the  fragments. 

The  great  mass  cf  apparatus  recommended  by  different  authors  bespeaks  alike 
the  great  facility  with  which  some  fractures  are  treated  and  the  insuperable 
difficulties  presented  by  others.  In  these  latter  a  selection  can  only  be  made  by 
strict  attention  to  the  indications  to  be  answered.  These  are  fixation  of  the  frag- 
ments, their  maintenance  in  apposition  by  opposing  the  particular  kinds  of  displace- 
ment present,  and  sometimes,  exposure  of  a  certain  part  of  the  limb,  for  the  treat- 
ment of  local  complications.  The  greatest  difficulties  are  created  by  shortening,  and 
numerous  methods  of  maintaining  permanent  extension  have  been  devised.  The 
most  simple  and  most  common  is  direct  traction,  as  provided  for  in  the  very  varied 
forms  of  extension  apparatus  recommended  for  fractured  thighs.  A  second  mode 
of  extension  is  the  conversion  of  a  contiguous  bone  into  a  lever,  as  the  humerus  in 
the  treatment  of  fractured  clavicle,  or  the  femur  in  fractures  of  the  leg.  And, 
inasmuch  as  shortening  cannot  occur,  except  in  impacted  fractures,  without  produc- 
ing some  degree  of  lateral  displacement,  so  the  lateral  pressure  of  splints  or  junks, 
by  the  obstacle  which  it  presents  to  the  one,  is  often  sufficient  to  counteract  the  other. 

In  all  cases  of  very  oblique  fracture,  where  the  fragments  readily  glide  upon  one 
another,  imion  will  be  greatly  accelerated  by  firm  lateral  pressure,  care  being  taken 
that  this  is  not  carried  to  an  injurious  extent. 

It  is  seldom  possible  to  obtain  absolute  immobility  of  the  fragments.    Neither  is 

1  Dr.  Smith,  On  Fractures,  p.  170  ;  Prof.  Hamilton,  loc.  supr.  cit.  p.  334,  et.  seq.  See  also 
the  remarks  below,  p.  425. 

1  Amongst  the  more  complicated  of  these  are  the  different  forms  of  fracture-boxes.  A 
far  simpler  and  better  kind  is  the  '  peg-trough,'  formerly  much  used  at  Guy's  Hospital. 
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it  essential,  though  M.  Bonnet  in  France,  and  Amesbury  in  this  country,  have 
insisted  on  its  necessity,  and  the  insufficiency  of  ordinary  apparatus  1  (vide  infra,  p. 
447).  It  is  usually  enough  to  warn  the  patient  to  restrain  his  own  movements 
during  the  first  few  days.  Only  in  the  cases  of  children,  of  restless,  delirious,  and 
maniacal  patients,  are  greater  precautions  necessary.  In  children  immovable 
apparatus  may  safely  be  used  at  an  earlier  period  than  in  adults ;  but,  on  account  of 
the  delicacy  of  their  skin,  greater  care  is  necessary  to  avoid  tight  pressure,2  and  the 
apparatus  must  be  protected  from  urine,  &c.  In  cases  of  delirium  it  is  sometimes 
absolutely  essential  forcibly  to  restrain  the  patient  himself,  as  well  as  the  injured 
limb.  In  such  cases  some  form  of  immovable  apparatus  should  be  applied  as  early 
as  possible. 

In  all  cases  the  fracture  must  be  examined  from  time  to  time,  more  frequently  at 
first,  to  see  that  there  is  no  excessive  pressure  upon  the  limb,  and  esjjecially  on  any 
isolated  part  of  it ;  the  putting  up  should  be  finally  completed,  if  possible,  by  the 
tenth  day,  when  the  process  of  union  will  be  commencing. 

By  some  surgeons,  a  stiff  apparatus,  in  one  of  its  many  forms,  is  used  from  first 
to  last  in  the  treatment  of  fractures.  Of  these  the  plaster  of  Paris,  starch,  gum  and 
chalk  bandages,  and  the  Bavarian  method  with  plaster  and  flannel,  are  the  best 
known.3  A  layer  of  cotton-wool,  or  a  stout  stocking  with  the  toes  cut  off,  should  be 
first  applied,  and  in  some  cases  splints  of  coarse,  soft  pasteboard  may  be  used  as  well. 
For  full  information  on  this  subject  see  Mr.  Erichsen's 4  or  Professor  Hamilton's  5 
works,  and  a  paper  by  Mr.  Croft,  '  Med.-Chir.  Trans.'  Ixiv.  295,  '  On  the  Treatment 
of  Simple  Fractures  and  Dislocation  of  the  Bones  of  the  Leg  and  Foot  by  the 
immediate  Application  of  Plaster  of  Paris  Splints,'  may  be  consulted.  While  Mr. 
Croft,  in  bringing  forward  his  method,  only  applied  it  to  fractures  of  the  leg  and 
foot,  Mr.  Erichsen  has  employed  the  starched  apparatus  in  fractures  of  all  kinds. 
The  following  are  amongst  the  chief  advantages  which  Mr.  Croft  claimed  for  his 
method: — uniform  jrressure;  complete  fixation  of  the  broken  bones  and  injured 
muscles ;  perfect  adaptation  to  the  limb  and  maintenance  of  extension ;  diminution 
of  risks  of  delayed  union ;  facilities  for  quick  removal  and  reapplication ;  comfort 
to  the  patient ;  freedom  of  movement  allowed  to  the  patient ;  simplicity  and  cheap- 
ness ;  economy  of  time  and  trouble.  While  it  must  be  admitted  that  accidents  will 
be  few  where  this  method,  in  any  of  its  particular  forms,  is  used  largely  and  con 
stantly,  as  in  Mr.  Erichsen's  and  Mr.  Croft's  wards,  and  whilst  it  is  unquestioned 
that  the  immovable  apparatus  may  be  advantageously  made  use  of  throughout  in 
certain  cases,  viz.  fractures  of  the  leg  where  the  displacement  is  slight,  and  the 
swelling  and  injury  to  the  soft  parts  quite  trifling ;  in  fractures  of  the  femur  in 
children  (the  bandages  being  afterwards  varnished) ;  in  some  cases  of  fracture  with 
delirium  ;  in  some  fractures  in  patients  advanced  in  years,  where  bed-sores  or 
asthenic  hypostatic  pneumonia  are  so  prone  to  supervene ;  when  the  patient  is 
justified  in  running  some  risk  to  return  early  to  business;  in  military  surgery  very 
largely  where  patients  must  be  moved  early,  and  to  great  distances — while  I  admit 
that  in  all  the  above  cases  this  method  will  give  good  resvdts,  yet  it  must  be  pointed 
out  that  there  is  another  side  to  the  picture  given  above,  and  that  the  existence  of 
certain  undoubted  disadvantages  to  which  the  method  is  liable  are  not  to  be  lost 
sight  of.  I  allude  to  congestion,  oedema  (see  the  note,  p.  425),  sloughing,  gangrene, 
faulty  and  imperfect  union.    It  is  difficult  to  see  how  good  union  is  to  be  secured 

1  For  the  use  of  wire,  whether  as  suture,  ligature,  or  splint,  in  fractures  of  the  jaws,  the 
article  on  Injuries  of  the  Face  may  be  consulted.  Prof.  Annandale  (Brit.  Med.  Journ.,  Jan. 
9,  1875)  has  alluded  to  the  advisability  of  using  wire  more  frequently  in  recent  severe  com- 
pound fracture's  of  the  bones  of  the  forearm. 

2  Vide  infra,  p.  425. 

3  Any  of  these  methods  give  good  results.  For  the  after-treatment  of  fractures  which 
have  first  been  put  up  with  splints,  1  prefer  the  use  of  gum  and  chalk  bandages,  applied  over 
a  closely-fitting,  soft,  woollen  stocking,  as  this  method  has  appeared  to  me  lighter  and  move 
elastic  than  the  plaster  of  Paris,  and  less  rough  to  the  skin  than  the  Bavarian  method.  But 
for  the  immediate  putting  up  of  fractures,  plaster  of  Paris  is  to  be  preferred  on  account  of  its 
more  rapid  setting,  as  extension  requires  to  be  made  and  kept  up  at  this  stage. 

4  Vol.  i.  p.  866.  5  Loc.  supr.  ciL  p.  54. 
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with  the  immoveable  apparatus  applied  from  the  first  in  cases  of  very  oblique 
fracture  of  the  tibia,  or  in  severe  cases  of  Pott's  fracture  with  much  bruising  of  the 
soft  parts,  and  much  mobility.1  While  it  may  be  granted  that  this  method  will  be  safe 
and  simple  in  many  cases,  it  must  be  admitted  that,  as  usually  applied,  it  is  opposed 
to  the  old  rule  that  the  surgeon  should  keep  the  point  of  fracture  under  view  for  the 
first  two  or  three  weeks,  and  that  in  many  others  it  will  be  dangerous,  if  not  disastrous. 
The  ingenuity  of  American  surgeons  in  the  invention  and  application  of  apparatus  is 
well  known,  yet,  according  to  Hamilton  (loc.  supr.  cit.  p.  56),  their  journals  abound 
with  records  of  disaster  from  this  source.2  Finally,  it  may  be  stated,  that  while  this 
method  may  make  the  process  of  cure  more  comfortable  to  the  patient,  it  does  not 
materially  hasten  it. 

When  the  period  ordinarily  required  for  union  has  ela.psed,  a  careful  examination 
of  the  limb  must  be  made  before  it  is  allowed  to  resume  its  functions.  Sometimes, 
even  when  examination  by  the  hands  gives  an  impression  of  firmness,  yet  the  incom- 
pleteness of  union  will  be  manifested  by  the  supervention  of  pain  during  use  of  the 
limb. 

These  are  the  cases  in  which  the  plaster  of  Paris  or  starched  bandage  is  pecu- 
liarly useful.  But,  even  when  union  is  firm,  the  restoration  of  the  functions  of  the 
limb,  especially  in  fractures  of  the  lower  extremity,  may  still  be  long  delayed  by  one 
or  more  of  the  following  causes  :  atrophy  of  the  limb,  impaired  movement  and  stiff- 
ness, congestion  and  obstinate  swelling,  with  oedema,  ostitis,  necrosis,  though  this 
is  rare  after  simple  fracture,  and  excess  of  callus. 

Atrophy  is  usually  due  to  long-standing  disuse  of  the  limb  and  pressure  of 
apparatus  ;  its  effects  are  primarily  and  chiefly  shown  in  the  muscles,  but  atrophy 
with  impairment  of  function  may  occur  later  on  when  the  line  of  fracture  has 
involved  the  nutrient  artery,  or  implicated  an  important  epiphysial  cartilage.  This 
subject  has  already  been  alluded  to  (p.  408). 

Impaired  movement  and  stiffness  of  a  limb  after  fracture  may  be  due  to  atrophy 
of  the  muscles  ;  to  their  being  matted  together  by  inflammatory  effusion  ;  to  a  similar 
implication  of  tendons  and  their  sheaths,  especially  where  these  lie  superficially  with 
bones  beneath  them,  as  about  the  wrist  and  ankle ;  to  the  fracture  extending  into  a 
joint,  as  in  some  cases  of  fracture  close  to  the  elbow,  wrist, or  ankle.  But,  even  when 
the  line  of  fracture  traverses  the  bone  at  a  point  remote  from  joints,  immobility  of 
one  or  more  of  these,  if  prolonged,  may  produce  serous  effusions,  vascular  injections  of 
synovial  fringes,  swelling,  softening  and  erosions  -  of  cartilage,  and  anchylosis 
due  either  to  fibrous  adhesions  or  to  actual  fusion  of  contiguous  surfaces.3  The 
congestion  with  oedema  is  accounted  for  by  the  weakened  circulation  which  has 
resulted  from  the  long-continued  immobility  of  the  limb.    Ostitis  is  not  common 

1  It  is  only  fair  Id  Mr.  ( !rofb  to  add  that  the  application  of  plaster  of  Paris  splints  by  Ids 
method  does  allow,  to  a  certain  though  limited  extent,  the  site  of  fracture  to  he  kept  under 
observation  ;  and  also  that,  when  replying  to  the  observations  on  his  paper,  Mr.  Croft  stated 
that,  with  the  aid  of  chloroform,  a  severe  case  of  Pott's  fracture,  or  oblique  fracture  of  the 
tibia,  might  he  put  up  at  once  in  the  plaster,  whether  the  limb  were  swollen  or  not.  My 
colleague,  Mr.  Davies-Colley,  who  has  recently  made  a  full  trial  of  this  method  in  his  wards, 
has  met  with  uniformly  good  results;  and  that  not  only  in  ordinary  cases  of  fracture  of  the 
leg,  but  in  those  of  greater  severity  and  better  calculated  to  test  this  mode  of  treatment. 
Thus  in  a  case  with  great  displacement,  due  to  comminuted  fracture  of  both  bones  into  the 
ankle-joint,  Mr.  Davies-Colley  was  able  to  procure  recovery  without  any  deformity  by  Mr. 
Croft's  method.  In  another,  where  there  was  dislocation  outwards  of  the  foot,  fracture  of 
both  bones,  and  great  swelling,  the  application  of  the  first  splint,  put  on  immediately,  gave 
great  relief.  The  swelling  having  subsided  in  ten  to  fourteen  days,  Mr.  Davies-(  'obey  found 
that,  there  was  still  some  projection  of  the  inner  ankle.  This  was  entirely  removed  by  apply- 
ing a  second  splint,  and  the  patient  went  out  with  a  limb  in  perfect  position. 

2  Amer.  Journ.  Med.  Set.  vols.  xxv.  p.  400,  xxxi.  p.  212 ;  Med.  Rec.  Nov.  1,  1873 ;  New 
York  Med.  Journ.  Aug.  and  Oct.  1874. 

s  See  a  note  to  p.  321,  3rd  ed.  of  .Mr.  Hilton's  'Rest  and  Pain,  in  winch  this  subject  is  dis- 
cussed and  reference  given  to  the  following  papers:  M.  Tessier,  Gaz.  Med.  1841 ,  pp.  009, 
625;  Dr.  Menzel,  Arch,  fur  klin.  Chir.  Bd.  xii. ;  Dr.  Regner,  Dtut.  Zeit.  fur  Chir.  Bd.  iii. 
Sir  J.  Paget,  Clin.  Lect.  p.'  U7,  and  Mr.  Butlin,  Trans.  Path.  Sue.  xxv.  have  also  drawn  attention 
to  this  most  important  subject. 
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after  simple  fracture,  but  it  may  occur  wherever  there  has  been  severe  bruising. 
Excessive  callus  and  firm  but  vicious  union  will  be  alluded  to  later  on  (p.  450). 

In  the  treatment  of  any  fracture,  but  especially  where  the  above-given  causes  of 
impaired  movement  are  to  be  expected,  the  splints  should  be  left  off  as  soon  as 
possible,  but  the  patient  kept  in  bed  a  few  days  longer,  and  encouraged  to  make  use 
of  careful  but  increasing  movements.  The  more  obstinate  stiffness,  whether  due  to 
impaired  action  of  muscles,  tendons,  or  joints,  will  be  best  met  by  persevering 
manual  friction  and  movement  of  joints  ;  1  care  as  to  position,  e.g.  the  foot  being  kept 
at  a  right  angle  to  the  leg,  and  the  limb  raised  during  intervals  of  rest ;  liniments, 
Hying  blisters,  &c ;  sufficient  support,  of  which  a  Martin's  bandage  after  fractures  of 
the  thigh  or  leg,  and  a  gutta-percha  gauntlet  after  fractures  near  the  wrist,  may  be 
taken  as  two  instances,  it  being  remembered  in  the  one  case  that  the  pressure  of  the 
bandage  will  only  be  beneficial  when  the  patient  is  getting  about  on  crutches  or 
sticks,  and  that  the  latter  is  only  to  support  the  parts  about  the  wrist,  and  not  to 
control  the  fingers.  In  cases  of  ostitis,  strapping  with  mercury  and  belladonna 
ointments,  while  potassium  iodide  and  the  perchloride  of  mercury  are  given  internally, 
may  be  persevered  with,  in  addition  to  some  of  the  above-mentioned  remedies. 

At  any  period,  till  the  new  bone  has  acquired  perfect  solidity,  it  is  liable  to  bend 
or  break  from  the  weight  of  the  body,  from  blows  or  falls.  This  accident  is  not 
rare.  Accidental  bending  of  the  femur  has  been  seen  so  late  as  the  135th  day2  and 
re-fracture  eight  or  eighteen  months,  and  even  two  or  three,  and  in  one  case  seven, 
years  after  the  first ; 3  but  in  these  extreme  cases  union  has  been  delayed,  or,  from 
deformity,  has  never  been  strong.  These  secondary  fractures  unite  more  readily  than 
the  first,  from  the  spongy  nature  of  the  new  bone  ;  and  curvature  readily  yields  to 
pressure. 

Treatment  of  compound  fracture. — Although  the  rules  of  treatment  laid  down 
for  simple  fracture  are  equally  applicable  to  compound,  yet  the  latter  j)resent  certain 
special  points  for  consideration,  viz.  the  reduction  of  a  protruding  fragment ;  the 
treatment  of  splinters  ;  the  best  mode  of  dressing  the  wound,  and  of  meeting  the 
complications  which  usually  arise  in  these  cases. 

It  is  usually  the  upper  fragment  which  protrudes.  When  the  wound  in  the 
skin  has  been  made  by  the  pressure  of  the  fragment  itself,  it  is  commonly  small,  and 
occasionally  girts  the  bone  tightly.  The  difficulty  of  reduction  is  in  proportion  to 
the  size  of  the  wound,  the  length  of  the  protruding  bone,  and  the  degree  of  accom- 
panying  spasm-  If  reduction  cannot  be  effected  by  moderate  extension  and  dexterous 
manoeuvring,  the  wound  must  be  enlarged.  But,  although  this  measure  is  attended 
with  far  less  danger  than  violent  efforts  of  extension,  it  is  yet  to  be  adopted  as  spar- 
ingly as  possible.  The  enlargement  is  to  be  made  in  that  direction  in  which  the 
smallest  additional  division  will  give  the  greatest  amount  of  freedom.  This  will 
usually  be  in  the  axis  of  the  bone.  If,  on  account  of  the  length  or  sharpness  of  the 
protruding  piece,  even  this  is  not  sufficient,  a  part  of  the  bone,  due  care  being  taken 
to  preserve  the  periosteum,  must  be  sawn  off.4 

If  the  bone  is  splintered  or  comminuted,  some  judgment  is  required  in  deter- 
mining what  pieces  to  remove  and  what  to  leave.  Splinters  are  of  three  kinds. 
Some,  though  split  away  from  the  bone,  are  still  connected  to  it  in  their  whole 
length  by  the  periosteum,  to  which  they  are  firmly  adherent.  These,  in  young  and 
healthy  subjects,  are  not  to  be  touched ;  they  become  reunited  to  the  bone  ;  they 
rarely  die.  Others  are  completely  torn  away  from  the  bone,  and  are  found  lying 
loose  among  the  surrounding  tissues.  All  these  are  to  be  carefully  removed,  whether 

1  For  much  clearly-given  information  as  to  when  '  rest,  after  having  been  highly  bene- 
ficial, may  become  injurious,'  see  a  paper  on  '  The  Cases  that  Bonesetters  Cure,'  Sir  J. 
Paget 's  Clin.  Led.  and  Essays. 

2  Guillon,  These  inaug.,  Paris,  1820. 

3  CEsterlen,  op.  cit.  obs.  21-30 ;  and  Malgaigne,  op.  cit.  p.  326. 

4  Only  that  amount  of  bone  is  to  be  removed  which  will  admit  of  reduction  of  the  frac- 
ture :  needless  removal  of  bone  exposes  the  patient  to  the  following  dangers:  blood-poisoning 
from  a  fresh  exposure  of  the  medullary  canal,  necrosis,  and  delayed  union.  See  below,  the 
account  of  the  .antiseptic  treatment  of  compound  fractures,  pp.  422,  3. 
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they  carry  with  them  their  periosteum  or  not.  If,  being  at  a  distance  from  the 
fracture,  they  are  not  easily  reached  through  the  wound,  a  counter-opening  may  be 
made  for  the  purpose.  A  third  set  are  partly  adherent,  partly  not.  These  may  re- 
unite ;  more  commonly  they  partially  die,  in  proportion  to  the  injury  to  their  perios- 
teum, and  keep  up  for  a  long  period — for  months,  perhaps  for  years — a  liability  to 
suppuration,  erysipelas,  &c,  retarding,  or  entirely  preventing,  union,  greatly  pro- 
longing the  danger,  and  involving,  it  may  be,  the  idtimate  loss  of  the  limb.  They 
must,  therefore,  so  far  as  is  practicable,  be  removed.  But  some  allowance  may  be 
made  for  differences  in  their  position.  If  they  are  at  the  bottom  of  a  deep  wound, 
and  difficult  to  reach,  it  is  the  better  and  less  hazardous  course  to  make  no  attempt 
at  interference.  On  the  other  hand,  should  the  fracture  be  in  the  neighbourhood  of 
a  joint  or  of  a  visceral  cavity,  the  most  perfect  clearance  of  all  loose  fragments  is,  if 
possible,  the  first  requisite.  The  bones  of  the  face,  however,  are  so  well  supplied 
with  vessels,  and  their  repair  is  so  energetic,  that  much  more  latitude  is  allowable 
in  dealing  with  splinters  in  their  fractures  than  in  others,  especially  as  it  is  more 
than  usually  desirable  to  avoid  deformity  in  that  region. 

If  there  is  haemorrhage,  it  is  to  be  treated  on  the  same  principles  as  in  other 
wounds,  the  employment  of  pressure  being,  however,  somewhat  limited  by  the  state 
of  the  bone.  In  dressing  the  wound,  the  one  great  object  is  to  convert  the  fracture 
as  soon  as  possible  into  one  of  a  simple  nature.  For  this  purpose,  where  the  wound 
is  small,  clean-cut,  and  has  been  caused  simply  by  the  thrusting  through  of  a 
fragment,  and  not  by  any  laceration  or  crushing  from  without,  where  the  patient  is 
healthy,  and  where  no  long  interval  has  elapsed  since  the  accident,  under  such 
favourable  conditions,  simply  sealing  the  wound  with  lint  soaked  in  blood,  collodion, 
or  compound  tincture  of  benzoin,  may  give  favourable  results.  But  in  those  cases, 
common  enough  in  large  hospital  practice,  where  the  wound  is  extensive  and  lacer- 
ated, and  accompanied  by  much  contusion  of  the  soft  parts,  with  abundant  blood  ex- 
travasation, where  the  fragments  are  comminuted  and  their  periosteum  much  injured, 
where  the  fracture  is  complicated  with  a  dislocation,  as  about  the  ankle,  or  with 
other  injuries — e.g.  extensive  scalp  wounds,  where  dirt  has  been  extensively  ground 
into  the  soft  parts — where  the  patient  has  perhaps  been  brought  some  way  by  train, 
and  one  or  two  hours  have  elapsed  since  the  injury;  in  short,  in  those  cases  where, 
the  main  arteries  and  nerves  being  sound,  the  surgeon  attempts  to  save  a  limb,  Prof. 
Lister's  antiseptic  method  will  be  found  to  give  the  best  results  in  the  largest 
number  of  cases.1  For  carrying  it  out  with  success,  the  neighbourhood  of  the  frac- 
ture (the  parts  being  carefully  steadied)  should  be  thoroughly  washed  with  a  1  in  20 
watery  solution  of  carbolic  acid,  great  care  being  taken  to  remove  dirt  from  situa- 
tions where  it  is  liable  to  lodge,  as,  for  example,  the  toes.  The  following  instruments 
should  be  placed  in  a  solution  of  the  same  strength — viz.  scalpels,  fenestrated  forceps 
(a  modification  of  Liston's  tenaculum  forceps,  and  very  useful  where  the  surgeon  is 
short-handed),  or  torsion  forceps,  retractors,  cutting  forceps,  a  metacarpal,  Butcher's  or 
chain-saw,  a  raspatory,  spatula,  a  gum-elastic  catheter  with  large  eye,  drainage-tubes, 
and  carbolized  gut  for  securing  vessels  [or,  if  this  be  not  at  hand,  fine  silk  unwashed, 
steeped  for  half-an-hour  in  1  in  20  carbolic  solution,  may  be  used].  An  anaesthetic 
having  been  given,  and  an  efficient  spray  of  1  in  40  carbolic  acid  being  directed  over 
the  part,  the  surgeon  proceeds  to  enlarge  the  wound  if  necessary,  and  remove  by  saw 
or  cutting-forceps  (due  care  being  taken  of  the  periosteum)  as  much  of  the  bones  as 
is  necessary  for  their  return  and  maintenance  in  apposition.2  The  soft  parts  are 
held  out  of  the  way,  or,  as  in  the  case  of  the  posterior  tibial  vessels  and  nerves,  pro- 
tected from  the  saw  by  a  spatula.    [All  coagula  that  are  readily  accessible  are  then 

1  Prof.  Lister  has  been  kind  enough  to  look  over  the  above  account  of  the  antiseptic 
treatment  of  compound  fractures.  The  brackets  denote  the  corrections  and  additions  which 
he  has  made  in  what  I  had  originally  written. 

2  Sawing  of  the  bones  is  not  to  be  lightly  or  needlessly  undertaken.  A  great  deal  of  the 
fragment  that  looks  hopelessly  damaged  is  really  recoverable  ;  furthermore,  a  fresh  section  of 
the  bones,  involving,  as  it  often  will,  an  opening  up  of  cancellous  tissue,  and  perhaps  of  the 
medullary  canal,  will,  unless  the  wound  be  kept  aseptic  from  the  first,  expose  the  patient  to 
the  risk  of  septic  phlebitis  and  pyaemia. 
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cleared  out  of  the  wound  by  means  of  a  sponge  purified  with  a  1  in  20  solution  of 
carbolic  acid,  the  wound  being  enlarged,  if  need  be,  for  the  purpose,  and  the  same 
solution  is  injected  into  all  the  recesses  of  the  wound  by  means  of  a  syringe  with  a 
gum-elastic  catheter  attached  to  it  with  india-rubber  tubing.  The  end  of  the 
catheter  is  made  to  penetrate  into  any  coagula  which  are  so  lodged  in  the  interstices 
of  the  tissues  that  they  cannot  be  easily  removed.  At  the  same  time,  it  is  not  needful  to 
follow  up  in  this  way  extravasations  of  blood  which  have  extended  to  any  consi- 
derable distance  from  the  wound,  since  there  is  no  need  to  apprehend  that  septic 
matter  has  been  carried  far  amongst  the  tissues  by  the  blood  effused,  and  extensive 
injection  of  the  cellular  interspaces  might  do  serious  mischief,  by  exciting  inflamma- 
tory disturbance  or  causing  carbolic-acid  poisoning.  For  the  same  reason  it  is  better 
not  to  hold  the  outlet  of  the  wound  closed  around  the  catheter,  but  to  leave  it  freely 
open  during  the  syringing ;  otherwise,  there  would  be  a  risk  of  the  carbolic  solution 
being  forced  extensively  into  the  cellular  interspaces.  It  is  often  very  advantageous 
to  ensure  free  drainage  by  making  a  counter-opening  at  a  dependent  part,  and  in- 
serting a  good-sized  drainage-tube.  The  usual  gauze  dressing  should  then  be  applied, 
consisting  of  a  considerable  mass  of  antiseptic  gauze  wrung  out  of  a  watery  solution 
of  carbolic  acid,  1  to  40,  applied  over  the  wound  and  its  vicinity ;  and  over  this,  and 
widely  overlapping  the  surrounding  skin  and  enveloping  the  limb,  a  dry  dressing  con- 
sisting of  about  eight  layers  of  folded  antiseptic  gauze,  with  a  layer  of  thin  mackin- 
tosh, or  other  impermeable  tissue,  under  the  outermost  layer,  to  compel  the  blood  and 
serum  to  diffuse  themselves  throughout  the  dressings  before  escaping  from  it.]  It  is 
well  to  dress  such  a  case  at  the  end  of  twenty-four  hours,  as  the  amount  of  blood- 
stained dischai'ge  is  nearly  always  copious.  On  this  occasion,  or  on  that  of  the  next 
dressing,  which  will  usually  be  required  within  forty-eight  hours,  the  wound  should 
be  covered  over  with  a  piece  of  '  green  protective,'  dipped  in  1  to  40  carbolic  acid  solu- 
tion ;  this  protective  being  intended  to  prevent  the  stimulative  suppuration  which 
would  otherwise  arise  from  the  long-continued  action  of  carbolic  acid  upon  freshly- 
cut  or  torn  tissues.  The  number  of  dressings  after  this  will  vary ;  suffice  it  to  say, 
that  after  the  first  week  the  wound  may  usually  be  left  for  three  days,  a  little  later 
for  four  days,  and  so  on.  In  about  four  weeks  the  wound  will  be  found  reduced  to  a 
superficial  ulcer,  and  at  this  period  it  will  be  advisable  to  change  the  dressings. 
[One  should  be  applied  under  which  healing  will  occur  more  x'apidly,  such  as  a  piece 
of  oiled-silk  protective  dipped  in  a  saturated  solution  of  boracic  acid,  placed  next  the 
sore,  and  over  this,  and  overlapping  it  well,  one  or  two  layers  of  boracic  lint.  This 
dressing  has  the  great  advantage  for  fractures  that  it  may  be  left  undisturbed  for  a 
week  together,  while  healing  proceeds  very  vapidly  under  it.  If  there  be  any  doubt 
as  to  the  purity  of  the  sore,  the  difficulty  will  be  got  over  by  dusting  a 
little  iodoform  powder  over  it  before  applying  the  protective.]  If  only  the  wound 
be  rendered  aseptic  at  first,  the  oozing  of  bloody  serum  will  in  a  few  days  become 
less  and  less,  and  latterly  a  mere  stain,  the  amount  of  suppuration  being  almost  nil. 
The  sloughs  originally  present  will  be  partly  removed  by  absorption,  and  in  part 
where  they  have  become  firmer,  vascularisation  and  organisation  will  be  found  to  be 
aduancing  from  below.  Lastly,  any  portions  of  bone  which  may  have  necrosed  will 
remain  bland  and  sweet,  and  will,  in  great  measure,  be  absorbed  by  the  surrounding 
granulation-tissue,  as  none  of  this  will  be  wasted  in  pus-formation.  Other  anti- 
septic means  may  be  employed  in  the  treatment  of  compound  fracture,  provided  that 
the  essential  object  be  kept  steadily  in  view.  Thus  a  gauze  containing  oil  of  euca- 
lyptus, instead  of  carbolic  acid,  has  been  found  to  be  equally  efficacious,  and  may  be 
used  in  preference  in  cases  of  kidney  disease,  or  where  there  is  reason  to  think  that 
the  patient  is,  through  idiosyncrasy,  unusually  susceptible  to  the  toxic  effects  of  car- 
bolic acid.  Absorbent  cotton,  with  iodoform  diffused  through  it  and  covered  with  a 
layer  of  thin  mackintosh  or  oiled  silk,  is  another  very  trustworthy  antiseptic  dressing. 
When  several  hours  have  elapsed  before  the  patient  is  seen  by  the  surgeon,  the 
chance  of  obtaining  an  aseptic  result  will  be  greatly  increased  by  dusting  iodoform 
powder  into  the  wound,  in  addition  to  syringing  with  carbolic  solution.1  All  project- 
ing threads  of  lacerated  muscle  or  tendon  should  be  cut  away. 

1  I  would  impress  most  strongly  upon  hospital  surgeons  the  probable  value  of  this  method 
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Complications. — During  treatment  the  accidents  which  may  occur  are  either 
local  or  general.  The  former  include  pruritus,  vesicles,  ecchymosis,  suppuration, 
oedema,  phlebitis,  gangrene,  ostitis,  caries,  necrosis,  spasms  of  the  muscles,  dislocation, 
implication  of  a  joint  or  of  neighbouring  viscera. 

Of  these  pruritus  may  be  treated  by  dusting  with  zinc  oxide  and  starch  powder. 
If  the  skin  is  much  distended,  especially  when  the  fracture  is  superficial,  as  in  the 
leg,  there  commonly  arise,  in  a  few  hours,  ssveral  vesicles  filled  with  a  light-coloured 
viscid  fiuid.  If  let  alone,  they  either  burst  or  shrink  from  absorption  of  their 
contents.  Much  relief  to  the  sensation  of  tension  is  afforded  by  pricking  them,  with- 
out removing  the  cuticle.  They  must  not  be  confounded  with  the  vesicles  of 
erysipelas,  which  are  numerous  and  clustered,  small,  tense,  and  surrounded  by  the 
peculiar  blush  of  that  disease ;  nor  with  those  which  precede  mortification,  whose 
contents  are  dark,  tawny,  and  putrescent.  Ecchymosis  in  varying  degrees  is  very 
common  ;  where  the  injury  is  severe,  as  in  extracapsular  fracture  of  the  femur,  the 
tension  from  the  extravasated  blood  may  be  very  great.  Absorption  will  almost 
always  follow  on  the  persevering  use  of  cold,  either  by  evaporating  lotions,  or  ice- 
bag,  the  latter  being  used  very  cautiously  in  the  aged.  Even  if  the  blood  remain 
long  fluid,  no  incision  (unless  -w  ith  antiseptic  precautions)  is  to  be  made  till  there  is 
reason  to  believe  that  union  has  taken  place,  or,  at  least,  till  the  deeper  parts  are  shut 
off  by  the  process  of  repair. 

The  oedema  which  ensues,  especially  in  the  lower  limb,  during  the  treatment  of  a 
fracture,  is  due  to  various  causes.  The  most  common,  but  usually  harmless,  form  is 
that  set  up  by  the  original  injury ;  another  variety  which  comes  on  a  little  later  is  of 
much  graver  import,  arising  as  it  does  from  too  tight  bandaging,  especially  if  any 
circular  bandages  or  strapping  have  been  applied  to  the  limb  itself.1  Yet  another 
form  is  the  oedema  due  to  thrombosis2  of  a  large  vein,  e.g.  the  femoral,  this  condition 

of  rendering  such  a  wound  aseptic,  and  the  desirability  of  giving  it  a  full  trial.  Shortly  after 
I  learnt  that  Prof.  Lister  had  made  this  use  of  iodoform,  a  very  severe  case  of  compound 
fracture  of  the  femur  came  under  my  care  at  Guy's  Hospital,  in  the  absence  of  my  colleague, 
Mr.  Howse.  A  carpenter,  set.  44,  fell  from  a  platform,  a  height  of  22  feet,  on  to  the  bank  of 
the  Thames,  striking  against  a  stone  buttress  as  he  went  down.  I  saw  him  about  an  hour 
after  the  accident.  There  was  a  compound  comminuted  fracture  of  the  right  femur,  the 
fragments  being  much  displaced  and  overlapping,  the  lower  one  being  also  split  vertically, 
but  not  as  far  as  the  knee-joint.  The  ends  of  both  fragments  were  bare,  and  both  the  vastus 
externus  and  the  hamstrings  were  lacerated,  the  injury  received  during  the  fall  having  per- 
haps been  made  greater  by  the  patient's  having  been  lifted  off  the  mud  into  which  he  fell,  in 
and  out  of  a  boat.  Ether  was  given  and  the  external  lacerated  wound,  through  which  the 
vastus  externus  protruded,  having  been  enlarged,  the  wound  was  carefully  syringed  out  with 
carbolic  acid  solution  (1  in  30).  About  5j  of  iodoform  was  then  freely  introduced  between  the 
fragments  by  means  of  the  finger  and  a  narrow  spatula  and  two  large  drainage-tubes  inserted. 
An  aseptic  result  was  secured  from  the  first,  and  maintained  throughout  by  the  dresser, 
Mr.  J.  H.  Lister.  The  man  went  out  with  his  limb  firmly  and  soundly  healed,  the  callus, 
which  was  at  first  considerable,  being  ultimately  almost  imperceptible.  In  contrast  with 
the  above  I  may  mention  another  very  similar  case  of  compound  fracture  of  the  femur, 
produced  in  a  similar  way,  but  in  a  much  younger  man,  which  came  under  my  care,  in  the 
absence  of  my  colleague,  Mr.  Davies-Colley,  in  the  course  of  the  summer  1881.  The  patient 
fell  over  twenty  feet  from  a  scaffold,  striking  against  a  projecting  piece  of  timber  in  his  fall. 
The  fracture  was  very  similar  in  site  and  severity.  The  wound  was  freely  syringed  out  with 
carbolic  acid  solution  (1  in  30),  but  in  this  case  an  aseptic  result  was  not  secured,  and  the 
patient  died  very  rapidly  of  acute  septicaemia.  I  may  add  that  in  the  former  case  the  iodo- 
form was  not  only  used  when  the  fracture  was  first  put  up,  but  also  as  a  preventive  measure, 
owing  to  the  severity  of  the  wound,  on  the  occasion  of  three  subsequent  dressings,  and  that 
it  occasioned  no  local  or  constitutional  trouble.  An  examination  of  the  urine,  for  which  I 
am  indebted  to  my  dresser,  Mr.  Wheelton  Hind,  showed  that  the  iodoform  was  present  as  an 
iodide  in  samples  passed  four,  fifteen,  and  eighteen  hours  after  the  dressings,  there  being,  a9 
might  be  expected,  distinctly  less  in  the  samples  passed  after  longer  intervals.  I  am  aware 
that  Mr.  Berkely  Hill  {Lancet,  June  17,  1882)  in  this  country,  Dr.  Schede  of  Hamburg, 
and  Prof.  Kocher  of  Berne  have  published  cases  in  which  severe  or  even  fatal  symptoms  have 
been  attributed  to  the  use  of  iodoform.  My  own  experience  of  this  drug,  after  an  extensive 
use  of  it  in  diseases  of  the  bones  and  of  the  soft  parts,  is  entirely  favourable. 

1  See  p.  410  for  the  importance  later  on  of  this  complication. 

2  If  thrombosis  of  veins  near  a  fracture  extend  so  as  to  reach  large  trunks  where  the 
current  is  active,  the  patient's  life  may  be  placed  in  the  greatest  peril.  Thus  a  thrombus 
may,  in  a  fracture  near  the  ankle,  reach  the  posterior  tibial,  and  so  the  popliteal  vein,  where 
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arising  as  in  any  other  patients  who  are  long  bed-ridden,  and  whose  health  is 
impaired.1 

Gangrene  occurring  during  the  treatment  of  simple  fracture  is  a  most  serious 
complication,  and  one  often  due  to  want  of  care  on  the  part  of  the  surgeon.  The 
chief  causes  are — (a)  tight  bandaging,  especially  when  a  bandage  is  applied  next  to  the 
skin,  under  the  splints  ;  (/?)  inflammatory  changes  setting  in  and  causing  strangulation 
under  a  bandage,  that  was  at  first  only  lightly  applied  ;  (y)  deep-seated  extravasation  of 
blood,  or  a  displaced  fragment  of  bone  causing  pressure  upon  the  large  vessels  ;  (8) 
stretching  or  bruising,  with  or  without  laceration  of  nerves,  e.g.  the  median  after  severe 
fractures  of  the  elbow-joint ;  (e)  as  a  later  symptom  in  certain  cases,  e.g.  fracture  of  the 
lower  end  of  the  radius,  where,  from  inefficient  setting  or  improper  management  later 
on,  excess  of  callus  has  formed,  gangrenous  ulceration  of  the  fingers  has  followed 
from  pressure  of  the  callus  on  the  median  nerve.2  Gangrene  is  especially  liable  to 
occur  in  children,  where  the  soft  parts  are  very  tender,  and  where  complaints  may 
easily  be  overlooked,  also  after  the  use  of  any  immovable  apparatus  applied  to  parts 
which  are  still  inflamed,  or  in  which  inflammation  is  threatening.  Careful  attention 
to  the  limb  during  the  period  of  swelling,  immediate  removal  or  slackening  of  any 
apparatus  where  the  patient  is  uneasy  or  in  pain,  or  where  the  toes  and  fingers  are 
becoming  cold  and  livid,  will  alone  prevent  gangrene,  the  limb  being  afterwards 
raised  and  wrapped  in  cotton-wool.  If  gangrene  have  already  set  in,  free  incisions 
may  be  tried  ;  but  amputation  above  the  limit  of  constriction  is  almost  certain  to  be 
called  for.  Gangrene  appears  to  have  occurred  especially  after  fractures  of  the  upper 
limb,  from  the  superficial  position  of  the  arteries,  and  the  facility  with  which  they 
may  be  compressed  against  the  bones.3 

Ostitis,  and  other  inflammatory  conditions  of  the  bone  are  rare  in  simple  fracture, 
and  call  for  no  special  comment  here.  The  treatment  of  muscular  spasm  has  been 
already  alluded  to  (p.  417). 

The  co-existence  of  a  dislocation  with  a  fracture  is  a  serious  complication,  e.g. 
when  fracture  of  the  neck  of  the  lrainerus  is  met  with,  together  with  dislocation  of 
the  head  of  that  bone.  In  such  a  case  two  courses  are  open  to  the  surgeon ;  he  may 
either  put  the  fracture  up  as  firmly  and  solidly  as  possible,  with  splints  or  some  form 
of  immovable  apparatus,  and  then  attempt  to  reduce  the  dislocation,  or  allow  the 
fracture  to  unite  before  the  dislocation  is  reduced.  The  former  will  usually  be  suc- 
cessful in  these  days  when  the  use  of  anaesthetics  is  combined  with  the  employment  of 
manipulations  based  upon  a  knowledge  of  anatomy,  and  will  be  found  far  preferable  to 
following  the  rule  originally  laid  down  by  Petit,  to  allow  the  fracture  to  unite  before 
attempting  the  reduction  of  the  dislocation,  as  it  simplifies  the  case,  and  renders  its 
termination  more  hopeful,  while  it  relieves  the  patient  from  the  discomfort  of  an 
unreduced  dislocation,  and  the  risks  which  must  always  attend  delayed  reduction. 

When  a  simple  fracture  extends  into  a  joint,  the  chief  risk  is  impaired  mobility, 
and  for  this  the  patient  should  be  prepared  from  the  first,  the  articulation  being  placed 
as  soon  as  possible  in  the  best  permanent  position,  due  attention  being  paid  to  the 
patient's  occupation.  The  healing  of  articular  cartilage  is  always  tedious ;  the  process 

a  detached  portion  may  be  swept  into  the  bifurcation  of  the  pulmonary  artery.  This 
accident  may  occur  after  the  first  fortnight,  when  the  patient  is  allowed  more  liberty  of 
movement.  A  case  of  this  kind  is  published  by  Mr.  Southatn,  Lancet,  March  1,  1879.  See 
also  footnote,  p.  427. 

1  Sir  J.  Paget  (Lancet,  ii.  1869,  p.  288)  alludes  to  two  other  forms  of  oedema,  to  which 
sufficient  attention  has  not  been  drawn.  '  When  the  foot  is  hung  too  much  below  the  level 
of  the  knee,  as  it  is  in  the  old  apparatus  of  the  double-inclined  plane,  where  the  knee  hangs 
over  an  angle,  and  the  foot,  hanging  low  down,  is  sure  to  become  oedematous.  And  then 
there  is  another  kind,  the  oedema,  which  seems  to  depend  almost  entirely  upon  irritation  of 
the  veins  by  hard  edges  of  bandages  ' — e.g.  where  a  plaster  of  Paris  bandage  is  put  on  after 
the  ordinary  apparatus  and  its  edge  rub9  against  part  of  the  saphena  vein.  '  One  vein  after 
another  in  these  cases  becomes  filled  with  clot,  till  at  last  a  firm, solid  oedema  of  all  the  parts 
supplied  by  these  veins  ensues — an  oedema  which  does  no  harm  to  the  already  repaired  frac- 
ture, but  which  disables  the  patient  from  the  use  of  the  limb  for  some  eight  or  ten  weeks 
after  the  fracture  healed.' 

''•  Hilton,  Rest  and  Pain,  3rd  ed.  p.  199. 

3  More  particularly  after  the  use  of  graduated  compresses,  and  a  circular  bandage. 
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is  well  illustrated  by  two  .specimens  of  fracture  into  the  knee-joint,  in  St.  George's 
Hospital  Museum.1  In  the  former,  twenty-eight  days  after  the  injury,  a  layer  of 
firm,  light-brown  fiforine  lies  between  the  edges  of  the  cartilage  ;  in  the  latter  a  year 
after  the  inj  ury,  the  fragments  of  cartilage  are  still  united  by  fibrous  tissue,  though  the 
greater  part  of  the  fracture  is  united  by  masses  of  new  bone.  Cautious,  persevering, 
passive  movement,  made  use  of  as  early  as  possible,  is  indicated  in  these  cases. 

The  subject  of  injury  to  viscera,  where  a  fracture  has  occurred  in  their  contain- 
ing cavities,  is  treated  of  elsewhere.  (See  Injuries  of  the  Head,  Thorax,  Abdomen, 
and  Pelvis.) 

The  general  complications  are  such  as  are  common  to  all  injuries,  viz.  traumatic 
fever,  delirium,  erysipelas,  septicaemia,  pyaemia,  hectic,  tetanus,  jaundice,  and  reten- 
tion of  urine  ;  in  older  patients  a  tendency  to  congestion  and  asthenic  inflammation 
of  the  lungs,  and,  finally,  in  a  few  cases,  pulmonary  fat-embolism. 

Of  the  above  complications,  a  few  only  require  special  comment  here.  The 
delirium  may  be  that  of  habitual  drinkers,  and  is  not  unfrequently  seen  in  fractures 
occurring  in  draymen,  commercial  travellers,  &c. ;  in  these  cases  it  may  be  well,  if 
the  surgeon  can  see  the  case  often,  to  put  the  fracture  up  in  plaster  of  Paris,  which 
will  give  extra  solidity  to  the  parts,  and  at  the  same  time  offer  no  bandages  for  the 
patient  to  disturb.  Above  all.  food  must  be  given  somehow ;  if  necessary,  the  patient 
is  to  be  fed  by  the  oesophagus  or  rectum-tube  ;  large  doses  of  opiates  or  stimulants 
are  otherwise  most  perilous.  Quite  another  form  of  delirium  is  that  seen  sometimes 
in  the  aged,  especially  in  old  women,  with  fractured  thigh ;  they  are  noticed  to 
become  excited,  wandering,  and  constantly  chattering ;  they  never  sleep,  and  it  is 
difficult  to  get  them  to  take  food ;  in  such  cases  a  fatal  exhaustion  is  not  far  distant. 
Retention  of  urine,  though  usually  due  to  the  suddenly  changed  position,  may,  in 
cases  of  fracture  high  up  of  the  femur,  with  much  contusion  of  the  soft  parts,  be  due 
to  direct  injury  of  branches  of  the  sacral  plexus.  Jaundice  may  arise  without  much 
constitutional  disturbance  in  a  patient  in  good  health  suddenly  placed  upon  his  back. 
Mr.  Hilton  2  drew  attention  to  this  fact,  and  explained  it  by  the  congestion  which 
'  resulted  froin  the  forced  rest  to  which  the  liver  is  subjected  by  the  recumbent  posi- 
tion ;  the  circulation  through  the  organ  having  been  previously  aided  by  active 
respiration  and  ordinary  exercise.'  A  tendency  to  asthenic  hypostatic  pneumonia 
may  supervene  here  as  in  any  other  case  where  an  injury  or  operation  is  followed  by 
the  long-continued  recumbent  position,  especially  in  patients  advanced  in  life,  or  in 
any  way  let  down  in  health.  Mr.  Erichsen  3  has  drawn  attention  to  this  dangerous 
tendency,  the  obscurity  of  the  onset,  and  the  frequently  latent  symptoms.  In  speak- 
ing of  treatment,  he  says,  '  The  starched  bandage  may  here  be  of  most  essential 
service,  by  enabling  the  surgeon  to  place  patients  with  injuries  of  the  lower  limbs 
in  such  a  position,  and  such  an  atmosphere,  as  shall  remove  two  of  the  most  active 
predisposing  causes  of  the  form  of  pneumonia  now  under  consideration — namely,  the 
recumbent  position,  and  the  comparatively  impure  air  of  a  hospital-ward  or  sick-room.' 

It  remains  to  r  efer  to  a  complication  of  fractures  the  clinical  importance  of  which 
has  not  yet  been  fully  made  out.  I  allude  to  the  occurrence  of  fatty  emboli  after 
fractures.  This  subject  has  been  recognised  for  fifteen  years  on  the  Continent ;  but 
it  is  only  during  the  last  five  or  six  years  that  it  has  been  taken  up  in  this  country. 
The  following  conclusions,  drawn  from  experiments  and  clinical  observations  of 
the  writers,  whose  names  are  given  below,  appear,  with  the  exception  of  the  last  two, 
which  require  much  more  investigation,  to  be  settled  on  a  fairly  reliable  basis. 

1.  Fatty  emboli  localised  in  the  lung  and  other  viscera  (to  a  less  extent  in  the 
kidney,  liver,  heart,  and  brain)  appear  to  be  much  more  common  than  is  usually 
believed.  2.  It  may  be  reasonably  supposed  that  these  emboli  are  present  more  or 
less  in  every  case  of  fracture.  3.  While,  therefore,  they  are  not  necessarily  fatal, 
they  may  in  severe  eases  lead  to  death,  which  is  liable  to  be  considered  due  to  shock. 
4.  Fatty  emboli  occur  in  other  cases  besides  those  of  fracture.  Thus  Dr.  Hamilton4 
in  1878  brought  before  the  Edinburgh  Medico-Chirurgical  Society  specimens  of 
pulmonary  capillaries  plugged  with  fat  after  rupture  of  a  fatty  liver.    As  long  ago 


1  Ser.  i.  198,  195. 

2  Med.-Chir.  Trans,  vol.  xxvi. 


2  Loc.  supr.  cit.  p.  13. 

4  Brit.  M-d.  Journ.  Oct.  1877. 
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as  18G2,  Zenker  found  the  same  capillaries  filled  with  fat  in  a  man  whose  liver,  in  a 
state  of  fatty  degeneration,  had  been  injured  in  a  crush  between  two  waggons.  It 
has  also  been  believed  by  some  observers  that  this  condition  may  occur  in  acute 
osteomyelitis,  or  after  amputations  and  excisions.     (Czerny,  Flournoy,  Dejerine.) 

5.  The  necessary  conditions  for  a  fatal  issue  appear  to  be  openings  into  veins  and 
lymphatics,  sufficiently  numerous  and  large;  presence  of  enough  free  fiuid  fat  (this 
has  been  found  in  the  blood  extravasated  at  the  seat  of  fracture  as  well  as  in  the 
blood  in  the  veins,  in  the  right  ventricle,  and  in  the  pulmonary  and  other  capillaries), 
and  sufficient  vis-a-tergo  to  force  out  the  fat  from  the  medulla  into  the  circulation. 
This  force  is  usually  supplied  by  the  extravasated  blood,  and  by  muscular  contrac- 
tion.1 The  reality  of  the  existence  of  this  vis-a-tergo  has  been  almost  proved  by 
experiments  of  M.  Dejerine,  who  found  that  fatty  emboli  could  be  procured  in  the 
greatest  number,  and  in  the  most  marked  way,  by  introducing  a  bit  of  laminaria 
tent  into  the  medullary  canal ;  from  this  and  other  experiments  it  may  be  inferred 
that  the  pressure  from  within  outwards,  whether  from  blood-extravasation  or  muscular 
contraction  in  fracture,  or  in  acute  osteo-myelitis,  from  inflammatory  swelling, 
causes  the  fat  to  enter  the  bone  capillaries,  and  so  the  general  venous  circulation. 

6.  The  diagnosis  is  to  be  made  from  shock  ;  thus  in  death  from  pulmonary  fatty  em- 
bolism and  oedema  patients  recover  from  the  immediate  effects  of  the  injury,  and  feel 
fairly  well  for  an  interval  of  twenty-four  hours  or  more,  when  the  symptoms  of  dis- 
turbances in  the  pulmonary  circulation  set  in.  Another  form  of  embolism,  that 
from  a  detached  venous  thrombus,  is  also  to  be  excluded ;  in  this  case  death  takes 
place  more  suddenly,  and  at  a  later  date.2  7.  The  symptoms  are  not  yet  thoroughly 
known,  but  the  following  may  be  indicated  from  cases  already  published.  Dyspnoea 
varying  in  intensity,  but  setting  in  rapidly  ;  breathing  increased  in  frequency  and 
varied  with  deep  inspirations  ;  heart's  action  irregular,  face  cyanotic,  deepening  coma 
and  death.  In  some  cases  fat  has  been  passed  in  the  urine.  8.  No  treatment  is 
likely  to  be  of  much  avail  in  severe  cases;  venesection  was  tried  in  one  case  (Czerny) 
on  account  of  the  pulmonary  disturbance,  cyanosis,  and  full  pulse,  but  without  any 
relief.  As,  according  to  Scriba's  experiments,  when  the  animal  survives  after  in- 
jection of  fiuid  fat,  fat  is  excreted  by  the  kidneys  and  found  in  the  urine,  artificial 
respiration,  so  as  to  tide  the  patient  over  until  the  fat  is  got  rid  of,  seems  to  be 
theoretically  indicated.3 

1  Another  condition  tending  to  bring  about  fatal  fat-embolism  is  crushing  violence  at  the 
time  of  the  fracture,  so  that  a  bone  is  not  only  snapped  across,  but  the  cancellous  tissue  is  also 
often  broken  down,  so  as  to  set  free  the  medullary  fat,  while  at  the  same  time  veins  and 
lymphatics  are  torn  open.  In  a  case  of  compound  comminuted  fracture  of  the  tibia  and 
fibula  in  the  lower  third  from  railway  accidert,  in  which  I  was  called  upon  in  Dec.  1881, 
in  the  absence  of  my  colleague,  Mr.  Howse,  to  amputate  through  the  tubercle  of  the  tibia, 
oil  globules  in  abundance  could  be  easily  seen,  not  only,  before  the  operation,  on  the  lint  in 
which  the  fracture  was  wrapped,  but  afterwards  very  largely  mixed  with  the  clots  around  the 
fracture,  floating  on  collections  of  blood  which  still  were  liquid,  and  plentifully  within  the 
ankle-joint,  whither,  mixed  with  blood,  they  had  penetrated  from  a  split  through  the  lower 
articular  surface  of  the  tibia.  The  fragments  of  bone,  on  further  examination,  consisted 
simply  of  the  outer  densecompact  tissue  of  which  the  walls  of  the  tibia  consist ;  scarcely  any 
remnants  of  cancellous  tissue  adhered  to  them,  and  none  could  be  found  elsewhere,  so  com- 
pletely did  it  appear  to  have  been  broken  up. 

2  See  M.  Nelaton,  Path,  Chir.  t.  ii.  p.  219,  and  fig.  66,  which  shows  clots  in  the  femoral 
vein  and  also  in  the  pulmonary  artery,  causing  death  in  a  case  of  fracture  of  the  leg.  M. 
Azam  (Gciz.  ties  Hdpitaux,  1864,  p.  168)  considers  that  the  separation  of  such  thrombi  takes 
place  most  frequently  about  the  fifteenth  day.  Mr.  Southam  {Lancet,  March  1,  1879)  re- 
cords a  case  of  thrombosis  of  the  posterior  tibial  veins  coming  on  after  Pott's  fracture,  and 
bringing  about  pulmonary  embolism.  In  this  case  death  occurred  suddenly  on  the  seventeenth 
day. 

3  The  following  are  the  chief  references  on  this  subject :  Busch,  '  Ueber  Fettembolie,' 
Virch.  Arch.  Bd.  xxxv.  Bergmann,  '  Zur  Lehre  vonder  Ernbolie,'  Schmidt's  Jahrbiicher,  Bd. 
cxxxi.  Scriba,  Untersuchungen  iiber  die  Fettembolie,  MM.  Dejerine  and  Duret,  Le  Proces 
Med.  Nov.  13,  1878,  March  1  and  8,  1879.  Abstracts  of  these  three  last  papers  will  be 
found  in  the  Lond.  Med.  Record  for  1879,  and  also  a  clinical  lecture  on  this  subject  by  Prof. 
Czerny  in  the  Lond.  Med.  Pec,  Dec.  15, 1875,  the  original  having  been  published  in  the  Perl. 
Klin.  Wochensch.  Nov.  1  and  8.  Boettcher,  Pulmonary  Fat-embolism  after  Gunshot 
Wound.  Dorpater,  Med.  Zeit.  1877,  p.  326,  and  Lond.  Med.  Pec.  June  15, 1877.  Southam, 
Lancet,  July  10,  1880.  The  existence  in  the  pulmonary  capillaries  of  fat-emboli  after  frac- 
ture has  been  twice  verified  by  Dr.  Hilton  Fagge  at  Guy's  Hospital. 
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In  a  certain  proportion  of  cases  the  question  of  amputation  will  arise. 
The  following  are  amongst  the  conditions  requiring  primary  amputation — 
1.  When  a  limb  is  torn  off  by  a  cannon-ball,  a  portion  of  a  shell,  or  by  machinery. 

2.  When  the  division  of  the  soft  parts  is  nearly  complete  ;  except  in  the  case  of 
a  clean  cut  across  the  phalanges,  metacarpus,  or  metatarsus.  Even  the  forearm  may 
occasionally  be  saved  under  similar  circumstances. 

3.  When  there  is  much  actual  loss  of  soft  parts,  as  when  one  side  of  a  limb  is 
torn  away  or  the  skin  is  extensively  peeled  off. 

4.  When,  with  or  without  great  comminution  of  the  bone,  there  is  much  bruising 
and  laceration  of  the  soft  parts,  with  protrusion  of  muscular  bellies,  and  extensive 
tearing  up  of  deep  planes  of  areolar  tissue.1 

5.  Often  when  a  fracture,  caused  by  such  violence  as  that  of  machinery  or  a  rail- 
way accident,  is  accompanied  by  laceration  of  the  muscles  and  destruction  of  im- 
portant nerves,  but  not  of  arteries. 

6.  In  some  cases  when  the  principal  artery  and  nerve  of  the  limb  are  both  divided. 
At  the  present  day,  with  the  aid  of  antiseptic  precautions,  an  attempt  may 

be  often  made  to  save  cases  coming  under  the  last  two  heads,  which  otherwise 
must,  be  submitted  to  immediate  amputation.  Thus,  in  compound  fractures  or  dis- 
locations, especially  in  the  upper  extremity  and  in  young  subjects,  even  when  the 
main  artery  is  injured,  and  one  or  more  important  nerves  divided,  the  limb  should 
not  be  sacrificed  at  once  if  the  case  is  seen  early,  and  if  thorough  antiseptic  pre- 
cautions can  be  maintained  from  the  first.  The  artery  should  be  seemed  by  torsion 
or  ligatures,  and  the  nerves  first  pared,  if  necessar  y,2  and  brought  together  by  sutures 
of  fine  silk  which  has  been  steeped  thoroughly  in  carbolic  acid  lotion  (1-20),  or  of 
chromic  acid  catgut  not  over-hardened.3  In  the  case  of  large  nerves  the  sutures 
should  be  passed  through  the  sheath  only  if  possible,  but  this  point  does  not  appear  to 
be  of  material  importance.  In  any  case  the  sutures  should  of  course  be  cut  short. 
The  necessity  of  taking  such  after-precautions  as  will  promote  the  establishment  of 
collateral  circulation  and  the  rapid  repair  of  the  divided  nerves,  equable  warmth,  and 
a  position  which  will  obviate  the  risk  of  any  tension  on  the  united  nerves,  is  obvious. 

7.  In  certain  cases  of  severe  haemorrhage,  primary  or  secondary.  If  the  haemor- 
rhage, though  profuse,  have  stopped,  and  if  the  other  injuries  to  the  soft  parts  be 
not  extreme,  the  surgeon  may  trust  to  raising  the  limb,  after  the  fracture  is  set, 
and  applying  light  pressure  to  the  main  artery  above  by  means  of  a  tourniquet,  the 
attendant,  being  instructed  to  tighten  this  at  once,  if  required.  If  the  haemorrhage 
has  not  been  arrested,  or  if  it  recur  on  the  patient  becoming  warm  in  bed,  the  follow- 
ing courses  are  open  to  the  surgeon — graduated  pressure,  trying  to  find  the  wounded 
vessel,  ligature  of  the  main  trunk  above,  and  immediate  amputation.  His  decision 
wrill  bave  to  be  made  on  consideration  of  the  following  points  chiefly : — the 
amount  and  character  of  the  haemorrhage,  tbe  condition  of  the  soft  parts  about  the 
wound,  and  the  age  and  health  of  his  patient.  Where  the  haemorrhage  is  slight,  and 
where  the  soft  parts  are  but  little  damaged,  graduated  pressure,  with  or  without  the 

1  In  a  few  cases,  specially  noticed  by  Velpeau  {Med.  Opcr.  t.  ii.  p.  321)  and  Malgaigne 
{Joe.  supr.  ext.  p.  351),  the  parts  in  the  neighbourhood  of  the  fracture  are  within  a  few  hours 
attacked  by  spontaneous  emphysema,  without  any  communication  with  the  air-passages.  It 
appears  to  be  simply  an  early  symptom  of  gangrene  from  the  sudden  death  of  the  part,  and 
demands  immediate  amputation. 

2  The  nerves  may  be  freshened  by  taking  off  a  very  thin  slice  at  a  right  angle  to  the 
trunk,  or  (as  in  Mr.  Hulke's  case  of  sutural  union  of  a  median  nerve  divided  by  broken 
glass,  Clin.  Son.  Traits,  vol.  xiii.  p.  148)  two  fresh  plane  surfaces  may  be  made  at  90°  to  the 
long  axis  of  the  nerve. 

3  For  the  preparation  of  this  the  reader  should  consult  Prof.  Lister's  address,  Clin.  Soc. 
Tram.  vol.  iv.  p.  50.  As  bearing  upon  the  above,  I  may  mention  a  case  which  I  have  seen 
lately  under  the  care  of  my  colleague,  Mr.  Davies-Oolley.  In  addition  to  a  compound  dislo- 
cation of  tbe  elbow  with  extensive  laceration  and  contusion  of  the  soft  parts,  division  of 
some  of  the  muscles,  and  rupture  of  both  lateral  ligaments,  the  musculo-spiral  nerve  was  torn 
through,  an  inch  and  a  half  of  the  lower  portion  being  exposed,  loose  and  dirty,  in  the 
wound.  In  this  case  the  brachial  artery  was  uninjured.  Mr.  Davies-Oolley,  having  found 
the  upper  end  of  the  nerve  in  the  lower  part  of  the  musculo-spiral  groove,  stitched  the  two 
parts  together  with  fine  silk.  Antiseptic  precautions  were  adopted  throughout.  The 
patient,  a  young  adult,  recovered  with  complete  use  of  his  forearm  and  fingers. 
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addition  of  some  such  styptic  as  tannic  acid,  and  raising  the  limb,  may  be  resorted  to 
Where  the  haemorrhage  is  severe,  and  evidently  arterial,  the  surgeon  must  have 
recourse  to  one  of  the  three  latter  and  more  decided  measures.  If  the  damage  to 
the  soft  parts  be  slight  and  recent,  he  should  make  an  attempt  to  find  the  wounded 
vessel.  The  patient  being  prepared  for  amputation,  if  necessary,  and  an  anaesthetic 
being  given,  Esmarch's  bandage  should  be  applied,  and  it  will  be  found  better  not 
to  knot  the  upper  one  firmly,  but  to  have  it  held  twisted  by  an  assistant  in  such  a 
way  as  to  readily  relax  the  pressure,  so  as  to  allow  of  a  momentary  jet  of  blood,  if 
this  be  required  for  indicating  the  site  of  the  injured  artery.  The  surgeon  should 
then  freely  enlarge  the  wound,  pass  a  director  to  the  very  bottom  of  it,  turn  out  any 
clots,  and  seek  for  the  injured  vessel.  If  this  be  found,  ligatures  should  be  applied 
to  both  ends,  or  above  and  below  any  aperture  in  it ;  and  the  surgeon  should  be 
careful  not  to  overtighten  these ;  for,  if  any  interval  has  elapsed  since  the  injuiy, 
inflammatory  softening  will  already  be  commencing.  But,  if  severe  arterial  haemor- 
rhage coexist  with  much  injury  to  the  soft  parts  after  a  fracture,  it  is  useless  to 
attempt  to  find  the  wounded  vessel,  situated  as  it  is  deep  down  amidst  clots,  and 
lacerated,  infiltrated,  and  softening  tissues.  Ligature  of  the  main  trunk  above  may 
be  resorted  to  in  such  cases  where  the  patient  is  young  and  healthy,  and  also,  more 
especially,  if  the  injury  is  in  the  upper  extremity.  In  such  cases  the  limb  must  be 
raised  and  wrapped  in  cotton- wool,  and  the  earliest  sign  of  gangrene  carefully  looked 
for.  It  is  always  to  be  remembered  that  ligature  of  the  main  artery  above  in  cases 
of  arterial  haemorrhage  in  compound  fracture  is,  even  in  favourable  cases,  an  anxious 
step,  and  that  where  the  injuiy  to  the  soft  parts  is  at  all  severe,  where  the  patient 
is  advanced  in  years  or  unhealthy,  immediate  amputation  is  wiser.  Graduated 
pressure  will  be  found  more  successful  in  secondary  haemorrhage  after  a  compound 
fracture,  and  here  too  ligature  of  the  trunk  above  is  of  better  promise. 

8.  Some  cases  of  compound  fracture  of  large  joints,  viz.  when  either  bone  of  the 
joint  is  shattered,  or  both  are  broken ;  when  there  is  much  destruction  or  laceration 
of  the  ligaments ;  when,  in  addition  to  comminution  of  the  bone,  there  is  much 
contusion  of  the  soft  parts,  especially  if  complicated  with  division  of  an  artery  ; 
when  the  foreign  body  which  has  caused  the  fracture  remains  in  the  joint,  or  pro- 
jects into  it  from  its  bed  in  the  bone,  and  cannot  easily  be  removed,  or  when,  in  its 
passage  through  the  joint,  it  has  inflicted  great  injury  on  the  articular  surfaces. 
It  is  to  be  understood  that  all  these  forms  of  injury  are  most  fatal  when  affecting 
the  knee  and  hip  :  in  dealing  with  other  joints  much  greater  latitude  may  be 
allowed.  As  a  general  rule,  excision  is  to  be  attempted  in  the  following  cases  : — (i.) 
When  the  soft  parts  are  not  severely  injured,  (ii.)  But  at  the  same  time  the 
articular  surfaces  are  much  comminuted,  or  difficult  of  reduction,  (iii.)  When  the 
health  and  habits  of  the  patient  are  good.  This  refers  to  cases  of  compound  fracture 
into  the  shoulder,  elbow,  wrist  and  ankle-joints.  Where  the  knee  or  hip-joint  is 
concerned,  the  rule  may  still  be  followed,  but  with  caution. 

Finally,  before  deciding  on  amputation,  the  surgeon  must  take  into  consideration, 
in  addition  to  the  above  points  which  concern  the  fracture  itself,  any  more  general 
information  to  be  obtained  about  the  patient  himself.  Thus  the  age,  constitution, 
habits,  any  sign  of  visceral  disease,  the  appearance  of  the  patient,  are  all  points  of 
material  importance  in  coming  to  a  decision  between  amputation  and  an  attempt  to 
save  the  limb.  Thus,  to  give  an  instance,  and  to  make  my  meaning  clearer,  there 
are  no  more  anxious  cases  than  severe  compound  fractures  in  dwellers  in  large  towns, 
who  are  past  middle  life,  flabbily  fat,  with  dilated  venules  about  the  cheeks  and 
nose,  whose  conjunctivae  are  cedematous  and  of  slightly  jaundiced  tint,  and  whose 
urine  is  of  low  specific  gravity,  and  perhaps  albuminous.  In  settling  this  question 
the  surgeon  must  bear  in  mind,  that  saving  the  patient's  life  is,  after  all,  of  more 
importance  than  the  preservation  of  his  limb.  If  amputation  be  decided  upon,  the 
operation  is  to  be  performed  as  soon  as  ever  the  patient  is  sufficiently  recovered 
front  the  primary  shock.  In  performing  amputation  in  these  cases,  it  is  always  to 
be  remembered  that  .the  injury  is  not  so  localised  as  would  appear  from  the  surface ; 
thus,  in  compound  fracture  of  the  leg  there  is  often  extensive  loosening  of  the  skin 
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from  the  deep  fascia,  and  extravasation  of  blood  into  the  deep  planes  of  connective- 
tissue  for  some  distance  above  the  fracture,  the  knee-joint  perhaps  being  full  of 
blood,  and  its  cartilages  bruised.  In  such  cases,  if  amputation  be  performed  just 
above  the  injury,  sloughing  and  separation  of  the  naps  will  inevitably  follow.  On 
the  other  hand,  in  cases  of  severe  compound  fracture  of  the  thigh,  where  amputation 
is  required  high  up,  it  will  be  found  better  practice  to  amputate,  in  part  at  least, 
through  injured  tissues.1  In  such  a  case,  where  shock  is  much  to  be  dreaded,  there 
are  numerous  precautions,  trivial  perhaps  individually,  but  which,  taken  together, 
may  play  a  not  inconsiderable  part  in  pulling  the  patient  through.  I  refer  to  the 
keeping  the  patient  well  wrapped  up  in  warm  blankets  during  and  after  the  opera- 
tion ;  the  administration  of  ether,  and  the  giving  a  morphia  injection  immediately 
after  the  operation  is  completed  ;  subcutaneous  injections  of  brandy  and  ether, 
nutrient  enemata,  hot-bottles,  &c. 

If,  in  addition  to  the  fracture,  there  are  serious  injuries  to  other  organs,  im- 
mediate amputation  is  either  useless  or  injurious.  In  such  a  case  the  only  chance 
of  recovery  is  afforded  by  secondary  amputation  after  the  early  dangers  are  past. 

Secondary  amputation  may,  of  course,  be  required  for  profuse  suppuration  with 
hectic,  for  gangrene,  or  uncontrollable  haemorrhage.  When  to  decide  that  the 
proper  time  has  come  for  the  performance  of  secondary  amputation  is  often  a  most 
difficult  question — the  decision  must  be  made  on  the  merits  of  each  case.  In  most 
cases  the  surgeon  must  wait  till  the  traumatic  fever  and  constitutional  disturbance 
are  subsiding,  till  the  temperature  has  begun  to  fall,  and  till  all  redness,  erysipelas, 
and  sloughing  have  ceased.  On  the  other  hand,  if  the  operation  be  deferred  till  the 
powers  of  the  patient  are  running  down  from  profuse  suppuration  and  hectic,  and  till 
confirmed  asthenia  have  set  in,  the  period  for  performing  it  will  have  passed  away. 

At  a  still  later  period,  after  all  danger  has  ceased,  the  operation  may  be  desired 
by  the  patient,  if,  in  consequence  of  non-union,  incurable  deformity,  or  tedious 
disease  of  the  bone,  the  limb  has  become  an  incumbrance  to  him.  Some  of  these 
conditions  may,  however,  be  otherwise  treated,  e.g.  by  excision,  osteotomy,  &c.2 

Process  of  union. 

Of  this  many  of  the  details  in  man  romain  yet  to  be  exactly  determined.  This 
is  due  to  many  causes  :  the  scarcity  of  opportunities  for  examination  of  the  various 
stages  of  the  process  in  man ;  its  essential  difference  in  animals,  on  which  alone 
experiments  could  be  made ;  the  differences  in  different  fractures,  and,  lastly,  a 
tendency  to  look  upon  bone  as  a  special,  peculiar  tissue,  instead  of  a  modified 
connective-tissue  in  which  healing  of  a  wound  by  adhesion  and  development  of  a 
cicatrix  is  naturally  to  be  looked  for. 

The  process  of  union  of  simple  fractures,  as  it  occurs  in  animals,3  will  be  first 

1  Thus  in  a  railway  crush  of  the  upper  part  of  the  thigh,  I  consider  that  amputation 
through  the  trochanters,  though  involving  partly-damaged  tissues,  gives  a  better  chance  than 
disarticulation  at  the  hip-joint,  though  this  amputation,  passing  through  healthy  tissues,  may 
give  a  better-looking  flap. 

a  In  the  Path.  Soc.  Trans,  vol.  xi.  195,  Mr.  Canton  has  recorded  a  case  in  which  he  suc- 
cessfully excised  the  knee-joint  in  a  boy  set.  15,  about  two  weeks  after  an  injury,  causing 
separation  of  the  lower  epiphysis  of  the  femur.  Prof.  Humphry  (Med.-Chir.  Trans,  xxi.  p. 
195)  mentions  a  case  in  which  lie  excised  a  knee-joint  with  good  result  for  non-union  of  the 
patella,  accompanied  with  much  pain. 

3  Till  lately  our  knowledge  of  the  source,  the  condition  at  different  dates,  and  the  various 
stages  of  development  of  the  reparative  material,  has,  owing  to  the  limited  opportunities 
of  examination  in  man,  and  the  formerly  imperfect  method  of  histological  examination, 
been  chiefiv  derived  from  experiments  on  animals.  It  will,  no  doubt,  be  possible  at  a  future 
date,  by  a  careful  comparison  of  a  series  of  cases  at  different  ages  and  at  different  periods  of 
repair,  to  obtain  a  completely  consecutive  account  of  the  repair  of  fracture  in  man.  It  does 
not  appear  to  me  wise,  at  the  present  time,  to  pass  over  unnoticed  the  repair  of  fractures  as 
noticed  in  animals.  No  doubt  the  comparison  between  repair  in  them  and  in  ourselves  must 
be  a  limited  one ;  but  it  is  noteworthy  that  in  children  and  in  animals  alike  the  method 
of  repair  is  probably  closely  similar,  viz.  by  a  characteristic  cartilaginous  callus,  that  is  to 
say,  a  callus  undoubtedly  consisting  of  cartilage,  which  is  probably  specially  produced  both 
in  children  and  in  animals  to  secure  rapid  repair. 
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described,  then  the  differences  between  this  and  the  same  process  in  man  will  be 
pointed  out,  and  finally  the  union  of  compound  fractures  will  be  described. 

For  the  first  three  or  four  days  after  an  experimental  fracture  of  a  long  bone  in 
animals  the  ends  of  tbe  fragments  will  be  found  embedded  in  a  blood-extravasation, 
the  amount  of  which  varies  greatly  in  different  cases.  It  is  met  with  between  the 
bone  and  periosteum,  in  the  medullary  canal,  and,  where  it  is  most  abundant,  in  the 
subcutaneous  cellular  tissue.  After  about  the  fourth  day  the  blood-extravasation 
will  be  found  to  be  partly  absorbed  and  partly 

lost 1  in  a  mass  of  inflammatory  neoplastic  tissue,  Fig.  36.  ■  The  upper  fragment 
thickest  opposite  the  fracture  itself  (fig.  36)  and 
reaching  about  two  inches  above  and  below 
the  fractured  ends,  and  serving  not  only  as 
a  future  source  of  repair,  but  as  an  immediate 
means  of  embedding  and  steadying  the  fragments. 
This  mass  of  neoplastic  tissue  owes  its  origin  to 
the  stimulus  of  the  violence  which  caused  the 
fracture,  and  which  produces  three  sources  of  ossi- 
fication, viz.  (a)  an  ostitis,  (/?)  a  periostitis,  and  (y) 
a  parostosis.  or  a  tendency  to  ossification  in  the 
connective-tissue,  tendons  and  ligaments  continuous 
with  and  contiguous  to  the  periosteum.  By  the 
tenth  day  the  above-mentioned  mass  is  completely 
cartilaginous,  with  here  and  there  traces  of  already 
formed  bone.  From  the  tenth  to  the  twentieth 
day  the  formation  of  young  soft  bone  takes  place 
throughout.  Thus  it  is  found  as  a  plug  within  the 
medullary  canal,  as  a  layer  along  the  deeper  surface 
of  the  cartilaginous  callus  in  which  the  original 
periosteum  is  lost,  on  the  superficial  surface  of  the 
cartilaginous  callus  along  which  a  fresh  layer  of 

„,  .  .  .  .       o,  the  old  bone  ;  m,  its  medulla;  a,  new 

fibrous  tissue  representing  a  new  periosteum  is 
formed,  and  from  which  the  ossifying  callus  ex- 
tends more  or  less  amongst  the  sheaths  of  the 
tendons,  and  between  the  intermuscular  fasciculi. 
The  newly-formed  bone  is  at  first  soft,  spongy,  porous 
and  very  vascular,  resembling  an  early  and  super- 
abundant cicatrix  in  soft  parts,  and,  like  this,  under- 
going subsequent  changes.  The  production  of  bone  having  ceased,  a  stage  of  absorp- 
tion and  rarefaction  follows.  The  internal  callus  or  '  plug '  within  the  medullary 
canal  is  removed,  together  with  much  of  the  external  callus,  while  the  bony  tissue 
lying  immediately  between  the  fragments  becomes  converted  into  hard,  normal, 
compact  tissue.  In  an  animal  to  which  the  above  description  is  intended  to  refer, 
and  in  which  alone  it  can  be  exactly  followed,  the  whole  of  the  above  process  is 
completed  in  from  four  to  five  months.  If  the  different  stages  of  tbe  above  process 
be  examined  more  minutely,  it  will  be  found  that,  in  consequence  of  the  periostitis 
and  parostosis  set  up  by  the  fracture,  the  connective-tissue  of  the  periosteum  and  of 
the  contiguous  parts,  viz.  between  the  muscular  fasciculi  that  form  the  sheaths  of 

1  Where  extravasation  is  abundant,  no  doubt  the  chief  part  will  be  absorbed.  How  far 
organisation  takes  place  in  blood-clot  during  the  repair  of  fractures  is  discussed  below 
(p.  456),  where  will  be  found  the  views  of  Mr.  J.  Greig  Smith,  who  has  quite  recently 
('  The  Histology  of  Fracture  Kepair  in  Man,'  Journ.  of  Anat.  Physiol.  Jan.  1882)  given  a 
very  striking  account  of  the  part  which  he  believes  blood-clot  to  playin  such  repair.  Several 
points  in  this  paper,  e.g.  the  '  alveolation'  (p.  162)  of  blood-clot  appears  to  me  to  require  in- 
dependent confirmation;  but,  on  the  other  hand,  from  the  abundant  evidence  of  careful  work 
throughout,  and  the  fact  that  many  of  the  conclusions  arrived  at  by  Mr.  J.  Greig  Smith  re- 
ceive support  from  very  recent  histological  researches,  his  paper  appears  to  me  to  be  one  of 
the  most  important  contributions  in  histology  which  surgical  pathologv  has  received  of  late 
years. 


from  a  Fracture  in  an  animal. 
The  lower  fragment  is  not 
shown,  but  exhibited  similar 
characters. 


bone,  containing  a  large  quantity  of 
embryonic  medulla,  which  renders  it 
opaque.  The  general  direction  of  the 
vessels  in  this  new  bone  is  perpendicu- 
lar to  the  surface  of  the  old  bone  ;  b, 
cartilage ;  n,  embryonic  tissue  inter- 
posed between  the  two  fragments  and 
penetrating  into  the  medullary  cavity  ; 
p,  circumjacent  tissues  blending  with 
the  periosteum.  —  From  Cornil  and 
Ranvier. 
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the  tendons,  <tc,  and,  finally,  the  offshoots  from  its  deeper  or  cellular  layer  which 
enter  the  bone  itself  as  processes  along  the  larger  vessels  in  the  Haversian  canals,  all 
this  connective-tissue  becomes  juicy  and  loaded  with  inflammatory  cells  (fig.  43). 
Inside  the  bone  also  and  between  the  two  fragments  a  thin  pulpy  layer  is  found  rich 
in  all  the  various  cell-forms  met  with  in  embryonic  marrow,  some  small  and  round 
like  leucocytes,  others  round  but  larger  and  with  many  nuclei,  others  again  like 
'  mother  cells,'  with  midtiple  peripheral  processes.  Along  the  Haversian  canals  these 
cells,  converted  into  groups,  produce  absorption  of  the  bony  canals,  widening  them 
by  a  kind  of  rarefying  ostitis,  and  allowing  their  contained  vessels  to  increase  in 
number  and  size.  All  this  neoplastic  cellular  mass  is  next  converted  into  cartilage, 
the  cells  being  separated  from  each  other  by  a  substance  soft  at  first,  but  soon  be- 
coming more  and  more  consistent,  and  forming  a  kind  of  capsule  around  the  cells. 
Then  comes  calcification  of  this  '  callus-cartilage,'  and  later  ossification  by  repeated 
proliferation  and  metamorphosis  of  its  cells  into  osteoblasts,  and  so  into  true  bone- 
tissue,  lacuna?,  canaliculi,  (fee.  The  bone-corpuscles  are  for  some  time  large  and 
plump,  and  with  but  few  processes,  recalling  the  former  cartilage-cells. 

The  above  description  of  the  union  of  fractured  bones  refers  to  the  process  in 
animals.1  The  following  are  the  main  points  of  difference  in  the  process  as  it  occurs 
in  man. 

i.  The  mode  of  union  which  has  been  described  as  universally  met  with  in 
animals,  viz.  the  production  of  a  '  provisional '  or  ensheathing  '  cartilage-callus  '  which 
forms  a  ring  or  circular  splint  around  the  fragments,  a  more  permanent  union  taking 
place  beneath  this  later  on,  occurs  only  in  a  few  cases  in  man,  and  chiefly  as  the 
result  of  irritation  brought  about  by  movement  of  the  fragments.  Thus  it  is  seen  in 
the  union  of  fractured  ribs  (fig.  37) ;  often  in  fractured  clavicle ;  2  in  other  bones,  e.y. 

Fig.  37. — Union  of  Ribs  by  '  ensheathing  callus'  three  months  old.  This  is  ossified,  while  a 
line  of  fibrous  tissue  unites  the  fragments  themselves.  (St.  George's  Hospital  Museum, 
Ser.  i.  72,  22c.) 


the  humerus  and  femur  in  the  subjects  of  delirium  tremens  (fig.  38);  for  obvious 
reasons  not  uncommonly  in  childhood  (fig.  39)  ;  and  indeed  in  any  fracture  which 
from  accidental  causes  has  not  been  amenable  to  treatment.  While  the  amount  of 
provisional  '  cartilage  callus  '  would  appear  to  be  chiefly  due  to  the  amount  of  irrita- 
tion to  which  the  fragments  have  been  exposed,  it  would  also  seem  to  depend  on  the 

1  This  was  originally  fully  described  by  Dupuytren,  and  divided  by  him  into  the  follow- 
ing stages: — 1.  A  copious  formation  of  reparative  material  between  the  fragments  and  the 
periosteum,  and  between  the  medullary  membrane  and  the  bono.  This  occupies  eight  to  ten 
'lays,  and  by  the  fourth  contains  cartilage-cells.  2.  Both  the  external  and  internal  callus  be- 
come firm,  with  the  structure  of  perfect  cartilage,  or  fibro-cartilage,  in  from  ten  to  twenty-five 
days.  Both  ossify  into  spongy  bone  in  from  twenty-five  to  sixty  days.  4.  The  spongy 
bone  next  becomes  compact,  the  ends  of  the  fragments  being  still  united  by  fibrous  tissue 
only.  5.  '  Permanent'  callus  forms  between  the  ends,  while  the  '  provisional '  one  is  more  or 
less  completely  absorbed,  and  the  medullary  canal  restored.  The  time  occupied  by  these 
last  two  stages  is  too  uncertain  to  be  stated,  even  approximately. 

-  Mr.  Hilton  (Rest  and  Pain,  3rd  ed.  p.  265)  spealis  of  the  value  of  this  callus  as  Nature's 
splint,  and  of  its  importance  in  cases  of  doubtful  diagnosis. 
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Fig.  38.— Union  of  a  Fracture  by  ensheathing 
or  provisional  Callus  in  the  human  sub- 
ject. The  patient  was  admitted  into  St. 
Oeorge's  Hospital  with  fracture  of  the 
humerus,  which  could  never  be  kept 
quiet,  in  consequence  of  the  man's  suffer- 
ing from  repeated  attacks  of  delirium 
tremens,  of  which  he  died  about  a  month 
after  the  accident.  A  dentated  fracture 
was  found  just  below  the  insertion  of  the 
deltoid,  the  fractured  ends  being  encased 
in  a  callus  about  a  quarter  of  an  inch 
thick,  and  reaching  about  an  inch  above 
and  below  the  fracture.  The  ends  of  the 
fragments  are  quite  ununited,  and  freely 
movable  on  each  other  to  the  extent  per- 
mitted by  the  attachment  of  the  provisional 
callus.  (St.  George's  Hosp.  Mus.,  Ser.  i., 
105,  30c.) 


Fig.  39. — Section  of  Femur,  showing  union  of 
fracture  of  the  Shaft  in  a  child,  with  pro- 
visional or  ensheathing  Callus.  The  ap- 
position of  the  fragments  is  so  perfect 
that  it  suggests  the  possibility  of  the  frac- 
ture having  been  partly  subperiosteal. 
In  the  fresh  state  the  fractured  ends  were 
surrounded  with  a  fine-grained  callus, 
and  slightly  separated  from  each  other  by 
a  line  of  transparent  soft  tissue,  which 
extends  from  the  medulla  to  the  callus. 
The  microscope  showed  islands  of  carti- 
lage in  the  callus.  The  specimen  is  from 
a  child,  aged  barely  two  ;  admitted  with 
the  fracture,  Sept.  22,  1878,  with  con- 
siderable angular  displacement.  The  frac- 
ture was  treated  with  a  weight  and  sand- 
bags, and  the  child  went  out  Oct.  12  with 
the  limb  in  a  gum  bandage.  On  Oct.  29 
the  child  was  readmitted,  for  laryngitis, 
in  a  dying  condition.  (St.  George's  Hosp. 
Mus.,  Ser.  i.,  145  BB.,  3442,  54*.) 
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amount  of  soft  parts  in  the  neighbourhood  of  the  fracture,1  and  also  upon  the  age  of 
the  patient.2 

ii.  In  man  there  is  a  distinct  period  of  inaction,  the  average  length  of  which  is 
about  seven  days,  before  any  proper  reparative  material  is  formed. 

hi.  While  in  animals  the  presence  of  '  ensheathing '  callus  is  the  rule,  in  man 
(with  the  exceptions  given  above)  this  is  replaced  by  some  form  of  '  intermediate ' 
callus.  Thus  (a)  when  the  fragments  have  been  properly  adjusted  and  when  they 
are  steadily  maintained  in  position,  the  only  appearance  met  with  in  recently  united 
fractures  will  be  a  slight  vascularity  and  a  little  thickening  of  the  periosteum,  to- 
gether with  a  narrow  line  of  newly -ossified  material,  which  is  detected  with  difficulty 
between  the  fragments.  This  material  is  strictly  limited  to  the  site  of  the  fracture, 
and  encroaches  but  little  upon  the  medullary  canal.  (/?)  When  the  fragments  are 
not  in  good  position,  i.e.  when  there  is  any  overlapping  or  angular  displacement, 
however  considerable  the  interval  may  be,  as  a  rule  the  fracture  is  still  united  by 
'  intermediate,'  and  not  '  ensheathing '  callus  (figs.  40  and  42).  In  other  words,  the 
reparative  material  is  developed  only  between  and  not  around  the  fragments  ;  thus 
it  fills  up  any  intervening  angles,  and  covers  over  the  exposed  ends  of  the  medullary 
canal,  this  being  variable  in  different  cases  ;  but  usually  the  ends  of  the  canal  are 
closed,  but  not  deeply  plugged  by  the  reparative  material.  Where  the  overlapping 
is  extensive  and  the  '  intermediate  '  callus  does  not  occupy  the  whole  of  the  angle, 
the  use  of  the  limb  is  often  long  delayed  (p.  446).  In  other  cases  periosteal  deposits, 
uniting  with  partly  separated  splinters,  form  strong  bridges  across  the  fracture  (fig.  41). 
These  afford  considerable  support,  but  at  the  expense  of  deformity,  which  is  very 
likely  permanent.  Such  deposits  are  met  with  in  cases  of  severe  fractures,  cases  in 
which  consequently  there  will  be  more  irritation  of  the  soft  parts  than  in  milder 
forms  of  fracture,  and  a  tendency  to  the  formation  of  ensheathing  callus. 

iv.  Other  points  distinctive  of  the  process  of  union  in  man  refer  to  the  minuter 
anatomy  of  the  reparative  material,  and  here  it  must  be  allowed  that  considerable 
uncertainty  still  exists,  owing  to  the  rareness  of  opportunities  for  examination,  and 
the  difficulties  met  with  in  the  minute  examination  of  the  tissues  which  take  part  in 
the  repair.  In  every  case  there  is  a  tendency  to  inflammation  (to  a  very  varying 
degree  in  different  cases)  in  the  fragments  themselves,  and  in  the  tissues  which  sur- 
round them.  In  other  words,  there  will  be  evidence  in  every  case  of  ostitis,  perios- 
titis, and  parostosis,  to  make  use  again  of  a  term  which  has  been  explained  above 
(p.  -131).  To  what  extent  each  of  these  sources  of  inflammatory  material,  tending 
partly  to  calcification  and  partly  to  true  formation  of  bone,  will  be  present,  depends 
chiefly  upon  the  kind  of  fracture  which  is  examined.  Thus,  if  a  simple  fracture  of 
the  tibia  and  fibula  is  examined  between  the  second  and  third  week,  the  fracture 
being  only  slightly  oblique  and  with  little  tendency  to  displacement,  the  surround- 
ing parts  will  show  little  evidence  of  blood-extravasation  or  of  inflammation,  the 

1  The  readiness  of  neighbouring  parts  to  take  part  in  the  formation  of  neoplastic  repara- 
tive callus  is  seen  in  fractures  of  the  femur,  more  particularly  in  the  neighbourhood  of  the 
linea  aspera,  and  just  below  the  trochanters  ;  abundant  parostosis,  or  tendency  to  calcification, 
in  the  fibrous  tissues  near  the  bone  being  here  present,  owing  to  the  numerous  tendinous  in- 
sertions and  intermuscular  septa  present  at  these  spots.  This  readiness  of  neighbouring  parts 
to  take  a  share  in  callus-formation  is  also  well  seen  in  cases  of  fracture  of  one  of  the  bones  of 
the  forearm  or  leg.  Periostitis  is  set  up  in  the  unbroken  bone,  while  parostosis  is  present  in 
the  interosseous  membrane  and  contiguous  fibrous  structures,  and  these  contribute,  it  may 
be  banefully  (from  a  filling-up  of  the  interosseous  membrane  and  consequent  interference 
with  the  movements  of  the  limb)  to  the  formation  of  callus.  See  prep.  1119,  Guy's  Hospital 
Museum.  Mr.  Erichsen  (Science  mid  Ail  of  Surg.  vol.  i.  p.  361)  states  that  the  influence  of 
soft  parts  is  seen  in  cases  of  fracture  of  the  tibia  at  the  usual  spot.  On  the  outer  and  pos- 
terior surfaces,  where  the  bone  is  well  covered  with  soft  parts,  provisional  callus  is  found 
abundantly,  while  on  the  inner  surface  and  anterior  border,  which  are  subcutaneous,  union 
takes  place  without  any  such  callus. 

3  Thus  the  tissues  of  a  young  animal  will  be  far  more  quick  to  produce  neoplastic  repara- 
tive material,  in  amount  more  copious,  and  in  power  and  development  more  rapid,  than  the 
same  tissues  in  a  human  adult  of  40.  Another  predisposing  cause  to  the  formation  of  en- 
sheathing callus  in  animals  is  their  greater  tendency,  under  all  circumstances,  to  the  pro- 
duction of  new  bone,  mentioned  by  Sir  J.  Paget,  L?c(.  on  Surg.  Path,  p.  100. 
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torn  pei'iosteuni  will  be  thickened,  hypervascular  and  continuous  beneath  with  the 
bone,  by  a  thin  layer  of  soft  succulent  material  rich  in  young  vessels  and  in  cells  ;  the 
latter  those  likely  to  be  met  with  in  inflamed  fibrous  tissue,  viz.  round,  oval  and  oat- 
shaped,  together  with  others,  also  embryonic  in  type,  which  result  from  the  prolifera- 
tion of  the  osteoblasts  in  the  deeper  layer.    Throughout  this  layer,  calcification  will  be 


Fig.  40.  —  Section  of  a  Tibia 
of  a  middle-aged  woman, 
which  has  been  fractured  at 
the  junction  of  the  middle 
and  lower  thirds  sixteen 
weeks  before  death.  The 
ends  overlap  for  nearly  an 
inch,  and  are  firmly  united 
by  new  bone  formed  between 
those  surfaces  which,  in  their 
overlapping  were  opposed  to, 
and  nearly  in  contact  with, 
each  other,  No  new  bone 
or  callus  is  formed  at  any 
other  part.  ('  Intermediate 
Callus.'  Hunt.Mus.  438, 784.) 


Fig.  42.— A  badly-set  Fracture  of  the  Femur.  The  two 
fragments  are  united  by  a  bridge  of  soft  bone,  which 
at  the  time  of  the  patient's  death  (ten  weeks  after  the 
accident)  was  so  porous  as  to  give  way  in  part  during 
maceration.  The  ends  of  the  medullary  canal  are 
sealed.  The  upper  fragment  is  lying  on  the  inner  side 
of  the  lower ;  the  lower  fragment  is  directed  from  below 
outwards  and  backwards.  (From  St.  George's  Hosp. 
Mus.,  Ser.  i.  No.  167.) 


Fig.  41.— Union  of  Frac- 
ture by  the  attachment 
to  each  fragment  of  a 
bridge  formed  by  a  se- 
parated splinter.  (From 
a  preparation  in  the 
Hunterian  Museum, 
969,  2938.) 


taking  place,  obscuring  the  above  cells  at  some  points  more  than  at  others.  Within 
the  fragments  themselves  the  medullary  canal  will  contain  some  traces  of  fadin«-  blood- 
clot  :  the  ends  of  the  fragments  which  are  in  close  apposition  will  themselves  be 
slightly  softened  by  a  limited  ostitis  or  inflammatory  change.  This  will  have  brought 
a,bout  multiplication  of  the  lacunar  cells,  and  their  conversion  into  embryonic  tissue 
together  with  simultaneous  escape  of  the  lime  salts.  Thus  both  beneath  the  perios- 
teum and  between  the  faces  of  the  fragments  there  exists  a  thin  layer  of  what  may 
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be  called  osteoid  tissue,  i.e.  a  layer  rich  in  cells  and  undei'going  calcification,  the 
cells  being  of  embryonic  type,  derived  from  multiplication  of  those  of  the  periosteum, 
especially  the  osteoblasts,  and  also  of  the  medullary  tissue.  In  both  cases  these  are 
cells  showing  affinities  in  structure  to  those  in  bone  lacunae,  and  when  both  have 
freely  multiplied,  only  calcification  is  needed  to  bring  about  the  soft  spongy  bone, 
which  in  another  week  will  be  found  uniting  the  fracture. 

To  speak  briefly,  in  such  a  fracture  union  is  brought  about  by  a  slight  periostitis 
and  ostitis,  the  cellular  productions  of  these  two  inflammatory  sources  of  ossification 
passing  into  bone  by  means  of  a  stage  of  calcification.  In  such  a  case  of  direct 
ossification  of  fibro-cellular  tissue,  no  cartilage  is  present,  though  the  succulent, 
glistening  and  apparently  hyaline  look  of  the  intercellular  tissue,  and  sometimes  the 
apparent  presence  of  a  capsule  around  the  cells,  has  caused  observers  to  make  use  of 
this  term. 

The  later  changes  in  the  new  bone — viz.  the  modelling  and  the  restoration  of  the 
medullary  canal — are  alluded  to  below  (p.  439). 

If,  on  the  other  hand,  a  fracture  of  the  femur  in  an  adult  be  examined  about  the 
third  week,  in  a  case  where  the  fracture  has  been  oblique,  where  the  surrounding 
soft  parts  have  been  a  good  deal  lacerated,  and  where  the  fragments  still  overlap,  we 
shall  find  similar  sources  of  repair  and  method  of  union,  but  these  are  made  use  of  to  a 
very  different  extent.  As  before,  the  bones  and  the  surrounding  tissues  will  show 
signs  of  inflammatory  changes,  and  if  a  section  be  made  of  the  mass  of  altered  tissues 
in  which  the  fragments  are  embedded,  we  shall  find  traces  of  the  following  tissues, 
each  of  which  plays  a  part  which  must  be  considered  separately.  Thus  in  the  sur- 
rounding soft  parts  there  will  in  this  case  be  more  abundant  evidence  of  extravasa- 
tion of  blood,  especially  where  vascular  muscle  has  been  lacerated,  and  along  the 
intermuscular  septa.  The  periosteum  will  be  ruptured,  and  probably  somewhat 
stripped  from  the  ends  of  the  fragments,  much  thickened  both  by  cell-infiltration 
and  commencing  calcification,  as  in  the  former  case,  but  to  a  much  greater  degree. 
Running  across  the  section  towards  the  periosteum,  especially  near  the  linea  aspera, 
will  be  found  tracts  of  altered  fibrous  tissue  partly  calcified,  partly  converted  into  a 
structure  like  cartilage.  The  ends  of  the  fragments  will,  as  in  the  former  case,  be 
softened  from  ostitic  changes,  but  they  will  probably  be  more  rare,  from  the  stripping 
of  the  periosteum  ;  there  will  be  more  evidence  of  blood-extravasation  in  the  medul- 
lary canal,  and  between  the  fragments  there  will  be  a  much  larger  amount  of  inter- 
mediate callus.  The  part  which  each  of  the  above-mentioned  sources  of  repair  plays 
must  now  be  considered  separately. 

In  the  parostosis,  or  tendency  to  formation  of  osteoid  or  bone-like  tissue  in  the 
soft  parts  around  the  fracture,  we  have  to  deal  first  with  the  extravasated  blood,  and 
the  question  arises  what  part  does  clot  play  in  the  repair  of  fracture,  and  how  far  is  it 
capable  of  such  alteration  as  shall  enable  it  to  take  the  part  of  a  permanent  tissue  1 
This  is  still  a  qucgstio  vexata.  Sir  J.  Paget 1  states  that  extra  vasated  blood  rarely  takes 
any  part  in  the  reparative  process  of  fractures.  Dr.  Moxon  2  thinks  that  the  question 
is  '  definitely  settled  in  the  negative.  The  blood  is  regarded  as  so  much  foreign 
substance,  which  is  only  in  the  way,  and  has  to  be  removed  before  or  during  the 
reunion.'  Billroth3  leaves  it  an  open  question  whether  the  extravasated  blood 
becomes  entirely  reabsorbed  or  becomes  partly  organised  as  callus.  On  the  other  hand, 
Mr.  J.  Greig  Smith  has  lately  4  described  minutely  the  changes  which  blood  undergoes 
after  a  fracture,  and  has  shown  reasons  for  our  believing  that  such  clot  may  not  only 
become  fully  organised,  but  may  also  occasionally  be  a  most  important  means  of 
repair  of  fracture.  The  following  are  some  of  his  conclusions  : — Blood-clot  is  an  unsta- 
ble structure  very  prone  to  become  disorganised  or  absorbed.  The  conditions  determin- 
ing the  permanency  of  blood-clot  in  fractures  appear  to  be  chiefly  two — viz.  rest  and 
a  moderate  degree  of  vascularity  in  the  surrounding  tissues.  The  importance  of  rest 
to  the  survival  of  blood-clot  is  shown  in  the  fact  that  it  is  most  constantly  found  in 


1  Surg.  Path.  p.  180.  2  Wilks  and  Moxon.  Surg.  Path.  pp.  32,  33. 

3  '  Lect.  on  Sur^r.  Path,  and  Ther.,'  Syd.  Soc.  'Trans,  vol.  i.  p.  247.       4  Loc.  supr.  cit. 
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protected  positions,  filling  up  jagged  hollows  in  the  fragments,  plugging  up  the 
medullary  canal,  being  in  these  places  more  or  less  carefully  protected  from  muscular 
and  other  disturbance  ;  so,  too,  in  fissured  and  impacted  fractures  blood-clot  is  always 
present.  The  other  necessary  condition  for  the  permanency  of  clot  is  that  in  the 
surrounding  tissues  there  must  be  only  a  moderate  and  not  excessive  degree  of  vascu- 
larity. Thus  clot  organises  by  preference  over  the  bones  rather  than  in  the  soft 
tissues,  because  bone  is  not  so  vascular,  and  therefore  the  resulting  inflammation  in  it 
is  not  so  intense,  and  thus  the  clot  is  not  so  readily  disturbed.  Such  being  the  condi- 
tions needful  for  the  survival  of  blood-clot,  Mr.  J.  Greig  Smith  believes  that  its 
organisation  takes  place  in  the  following  way  : — The  regular  delicate  network  of  the 
fibrin  around  and  between  the  red  discs  is  gradually  replaced  by  fewer  and  thicker 
strands ;  the  above  discs  are  gradually  decolorised,  and  form  a  clear  highly  refracting 
substance,  while  the  leucocytes  remain  scattered  here  and  there,  probably  presiding 
over  especial  areas  of  nutrition.  Later  on  these  leucocytes  are  probably  converted 
into  hsematoclasts  analogous  to  the  large  granular  yellow  cells  of  the  spleen,  and  like 
them  probably  concerned  at  first  in  the  breaking  up  of  the  old  red  discs,  and  a  little 
later,  as  the  organisation  of  the  clot  advances,  in  the  manufacture  of  new  ones. 
Another  step  in  the  development  of  the  clot  is  its  vascularisation,  which  takes  place 
chiefly  by  the  collection  into  a  tubular  form  of  the  fibrinous  strands  which  traverse 
the  clot,  and  also  by  the  multiplication  and  branching  into  young  vascular  tubes  of 
cells  which  lie  at  commanding  points  in  the  chief  fibrillar  strands.  The  clot  thus  partly 
organised  and  provided  with  vessels  assumes  many  peculiarities  of  form,  one  of  the 
most  important  of  these  being  its  transformation  into  a  tissue  which  closely  resembles 
cartilage.  The  clot-fibres,  becoming  more  and  more  swollen,  are  ultimately  changed 
into  a  continuous  matrix,  while  the  encapsuled  cells  multiply,  and  calcification  takes 
place  throughout  the  thus  changed  tissue  similar  to  the  ordinary  calcification  of  car- 
tilage. This  tendency  to  calcification  of  clot  and  later  on  its  conversion  into  bone-tissue 
is  especially  seen  in  spots  where  blood-clot  lies  closely  contiguous  to  inflamed  carti- 
lage or  bone,  and  Mr.  J.  Greig  Smith  is  of  opinion  that  the  old  tissue  of  cartilage  or 
bone  now  inflamed  and  altering,  infects  the  young  and  versatile  blood-clot  with  its  his- 
tological peculiarities.  He  further  makes  the  ingenious  suggestion  that  where  blood- 
clot  is  not  itself  calcified  or  ossified,  it  may  serve  to  carry  the  ossific  stimulus  on  to 
another  tissue,  which  is  more  competent  to  serve  as  a  bony  matrix. 

Other  tissues  taking  a  part  in  the  parostosis  or  tendency  to  the  formation  of  bone- 
tissue  in  the  soft  parts  around  the  fragments  are  the  tendons,  ligaments,  intermuscular 
septa,  and  indeed,  where  the  tendency  is  marked,  probably  any  ordinary  cellular  or 
areolar  tissue.  The  importance  of  this  tendency  in  uniting  contiguous  bones,  or  in 
interfering  with  their  function,  has  already  been  alluded  to.  It  is  brought  forward 
prominently  in  the  case  before  us,  in  the  soft  parts  near  the  linea  aspera  where  so 
many  tendinous  and  muscular  insertions,  with  intermuscular  strands  of  fibrous 
tissue,  are  present.  All  these  fibrous  tissues  take  a  prominent  part  in  the  repair  of 
the  fracture.  They  first  show  a  tendency  to  become  converted  into  their  earlier 
embryonic  forms  •  these  embryonic  tissues  becoming  later  on  raised  up  into  cartilage 
or  osteoid  tissue.  This  calcification  or  ossification  of  embryonic  forms  of  pre-existing 
fibrous  tissues  may  be  due  to  a  kind  of  infection  introduced  into  them  from  con- 
tiguous inflamed  bone  or  cartilage,  as  suggested  by  Mr.  J.  Greig  Smith  in  the  case 
of  the  blood- clot,  or  this  apparently  retrograde  movement  by  which  the  above- 
mentioned  fibrous  tissues  are  converted  into  their  embryonic  equivalents  may  take 
place  in  order  that,  from  this  primordial  cellular  form  of  connective-tissue,  not  only 
the  fibrous  tissues,  but  the  more  specialised  and  differentiated,  though  kindred,  varieties, 
of  bone  and  cartilage  may  arise.  An  instance  of  this  conversion  of  original  tissues 
into  embryonic  forms  is  seen  in  fig.  43,  not  only  in  the  cell-infiltration  of  the  con- 
nective-tissue around  the  muscle  fibre,  but  also  in  the  distinctness  and  apparent  pro- 
liferation of  the  muscle  nuclei  and  corpuscles,  together  with  the  abundance  and  variety 
of  cell-forms  in  the  surrounding  connective-tissue.  Mr.  J.  Greig  Smith  has  shown  in 
great  detail  the  part  which  tendons  thus  take  in  fracture  repairs.  Thus  he  states  that 
the  flattened  tendon-cells,  which  normally  can  scarcely  be  detected  between  the 
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tendinous  bundles,  appear  in  close  regular  rows,  gradually  increase  in  size,  take  an  oval 
or  round  shape,  and  closely  approximate  to  cartilage-cells,  while  the  intervening 
fibrous  bundles,  swelling  and  becoming  more  vague  in  outline,  represent  the  cartilage 
matrix.  Calcification  then  takes  place,  with  sometimes  true  ossification,  owing  to 
some  of  the  above  altered  tendon-cells  taking  on  the  function  of  osteoblasts  and 
developing  true  bone. 

The  changes  in  the  periosteum  by  which  this  membrane  takes  a  part  in  the  repair 
of  thefracture  will  be  similar  to,  but  more  intense,  than  those  which  have  been  already 
described  in  the  case  of  the  fracture  of  the  tibia  (p.  435).  In  a  fracture  of  the  femur, 
with  displacement,  owing  to  the  obliquity  of  the  fracture  and  the  sharpness  of  the 
fragments,  together  with  probably  the  greater  amount  of  violence  in  the  original 
accident,  there  is  much  greater  injury  of  the  periosteum  than  in  the  simpler  case  of 
the  tibia.    The  cell-infiltration  now  present  in  the  more  torn  and  ecchymosed  perios- 


Fig.  43. — This  drawing,  taken  from  a  section  made  through  the  tissues  in  the  neighbourhood 
of  a  repairing  Fracture  of  the  Femur,  is  intended  to  show  the  readiness  of  soft  parts  to  take 
a  share  in  fracture-repair,    (jtth  obj.) 


The  connective-tissue  which,  before  the  specimen  was  hardened  for  section-cutting,  was  succulent,  swollen,  and  glisten- 
ing, is  seen  to  be  loaded  with  numerous  cells  varying  in  size  and  shape.  Vessels  of  simple  embryonic  structure  are 
seen  at  o,  a,  a.  In  about  the  centre  of  the  field  a  muscle-fibre  is  seen,  the  sarcolemma  of  which  shows  signs  of 
proliferation,  and  conversion  into  embryonic  tissue,  especially  at  c  c.  On  either  side  deeply  stained  patches  are 
seen,  in  which  many  of  the  embryonic  cells  which  have  resulted  from  a  process  akin  to  cellulitis,  are  embedded  in 
the  midst  of  calcareous  deposit.  At  d,  d,  d,  these  cells  are  enlarging,  appear  to  lie  in  cavities,  and  begin  to  resemble 
cartilage  cells,  a  resemblance  seen  to  be  still  more  clo«e  at  e  e.  On  the  right  side  the  process  is  more  advanced,  the 
cartilage  cells  appear  to  have  lost  their  plumpness  and  simple  outline,  which  last  is  now  irregular,  possessed  of 
processes  and  lacuna-like.  Ossification  appears  to  be  here  taking  place  dhectly,  without  auy  stage  of  osteoblasts 
intervening  between  cartilage-  and  bone-formation. 

teum  will  be  much  more  marked,  and  when  calcification  has  taken  place,  there  will 
be  a  much  greater  thickness  of  imperfect  and  osteoid  tissue.1  But  otherwise  the 
changes  will  be  on  the  same  plan. 

So,  too,  witli  the  changes  in  the  bone  itself.  As  in  the  tibia,  there  will  be  an 
ostitis  limited  to  the  ends  of  the  fragments  themselves.  The  same  multiplication 
of  lacunar  cells  will  take  place,  but  the  consequent  production  of  embiyonic  tissue 
will  be  far  greater.  By  this  tissue,  richly  vascularised,  those  portions  of  the  frag- 
ments from  which  the  periosteum  may  have  been  stripped  will  be  disintegrated.  A 
little  later  calcification  will  set  in,  followed  by  the  formation  of  true  bone,  later  on, 
and  more  slowly,  pertly  by  the  conversion  of  some  of  the  above  embryonic  cells 
directly  into  lacunar  corpuscles,  and  partly  by  the  intermediate  stage  of  osteoblasts. 
We  have  seen  that,  while  the  process  of  ostitis  is  the  same  in  the  two  forms  of  simple 

1  Mr.  J.  Greig  Smith  (loc.  supr.  cit-  p.  189)  speaks  of  the  formation  of  periosteal  callus 
as  '  a  calcifying  cellulitis  '  rather  than  '  an  ossifying  periostitis.' 
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fracture,  it  is  more  excessive  where  the  injury  has  been  greater  and  where  the  displace- 
ment is  more  marked.  Thus  we  find  the  intermediate  callus  (fig.  42)  abundant  in 
the  case  of  the  femur,  existing  as  a  mass  of  variable  size  in  the  angle  between  the 
contiguous  parts  of  the  fragments,  instead  of  lying  as  a  thin  layer  between  their 
only  slightly  displaced  faces,  as  in  the  case  of  the  tibia. 

It  remains  to  describe  the  method  of  union  in  compound  fractures.  This  varies 
much  according  to  the  amount  of  injury.  Thus,  if  the  pointed  end  of  a  long  frag- 
ment of  tibia  have  just  punctured  the  skin,  and  have  been  soon  withdrawn,  healing 
will  often  take  place  as  in  a  simple  fracture.  If,  again,  the  wound  in  the  soft  parts 
be  larger,  but  chiefly  superficial,  any  suppuration  will  be  limited  also,  and  the  healing 
go  on  much  as  in  the  preceding  case.  But  where  the  wound  is  severe,  where  the  soft 
parts  are  much  lacerated  and  bruised,  where  the  periosteum  is  much  destroyed,  and 
the  bones  displaced  and  splintered,  then  the  process  is  a  much  more  tedious  one,  being 
strictly  analogous  to  the  healing  of  a  contused  and  lacerated  wound  in  which  a 
certain  amount  of  necrosed  tissue  both  in  the  hard  and  soft  parts  has  first  to  be 
detached.  This  is  brought  about  by  the  action  of  granulations  which  arise  at  the 
extreme  edge  of  the  living  parts  in  the  cell-infiltration  and  inflammatory  products 
surrounding  the  vessels  which  here  end  in  dilated  loops.  In  the  bones  the  separa- 
tion of  the  dead  part  takes  place  by  similar  steps,  but  under  less  favourable  circum- 
stances, owing  to  the  natural  rigidity  of  the  tissue  not  readily  allowing  of  the 
dilatation  of  the  capillaries  and  the  cell-infiltration  which  must  necessarily  precede 
the  formation  of  granulations.  But  these  preliminary  steps  having  been  established, 
granulations  form  along  the  line  of  the  pervious  and  still  vascular  Haversian  canals. 
By  these  the  necrosed  ends  of  the  fragments,  more  or  less  worm-eaten,  are  detached, 
and,  if  originally  small,  may  not  be  seen  again.  The  granulations  now,  In  most  cases, 
rapidly  form  bony  tissue,  chiefly  through  the  intervention  of  a  stage  of  calcification, 
this  bone  being  very  dense,  with  lacunae  fewer  and  more  dwarfed  than  usual. 

Where  a  compound  fracture  has  been  repairing  under  antiseptic  treatment,  the 
method  of  repair  will  be  modified  by  the  absence  of  suppuration  and  consequently 
the  less  waste  of  granulation-tissue.  This  fact,  and  the  removal  of  sloughs  and 
sequestra  in  a  compound  fracture,  uniting  under  antiseptic  treatment,  have  already 
been  alluded  to  (p.  423). 

After  the  union  of  both  simple  and  compound  fractures  is  firmly  completed,  there 
still  remains  a  considerable  process  of  shaping  and  modelling  of  the  bone,  which  by 
the  removal  of  sharp  points  and  the  rounding  of  projecting  angles  restores,  to  a 
varying  degree,  the  original  form  of  the  bone.  The  same  process,  which  is  one  of 
atrophying  ostitis  1  similar  to  what  has  been  described  above  (p.  431),  also  restores  the 
medullary  canal  in  cases  where  there  is  not  great  displacement. 

The  time  requisite  for  the  various  stages  or  for  the  completion  of  union  can  never 
be  predicted  with  certainty.  No  deductions  from  experiments  on  animals  can  be 
applied  to  man.  Only  approximate  dates  can  be  given.  Ossification,  in  the  ordinary 
mode,  in  simple  fractures,  is  rarely  completed  before  the  ninth  or  tenth  week,  even 
under  favourable  conditions.  This  period  is  subject  to  variation  from  many  causes  : 
the  age  of  the  patient,  the  size  and  situation  of  the  broken  bone,  the  nature  of  the 
fracture,  and  the  relative  position  of  the  fragments. 

In  infants  fractures  unite  with  great  rapidity.  Ten  or  twelve  days  are  often 
sufficient  for  the  forearm  or  humerus.  On  the  other  hand,  in  old  age  the  period  is 
greatly  protracted,  in  proportion  to  the  want  of  vigour  of  the  individual.  Cceteris 
paribus,  the  larger  a  bone,  the  longer  the  period  it  requires  for  its  union.  It  may 
be  on  this  account  alone  that  the  bones  of  the  lower  extremity  appear  to  unite  more 
slowly  than  those  of  the  upper.  But,  however  this  be,  the  position  of  the  former, 
throwing  upon  them  much  more  strain  and  weight,  prolongs  the  period  necessary 
for  the  treatment  of  their  fractures,  which  ordinarily  require  the  retention  of  appa  • 
ratus  from  eight  to  twelve  weeks,  while  half  this  time  may  suffice  for  those  of  the 
upper  extremity. 

1  While  this,  no  doubt,  plavs  the  chief  part  in  the  above  remodelling-  process,  the  con- 
tinual pressure  and  friction  of  the  muscles,  as  suggested  by  M.  Lambron  (Thhe  inuug.  Paris, 
1842),  no  doubt  plays  a  part  in  the  absorption. 
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The  relative  position  of  the  surfaces  of  the  fragments  has  the  most  marked  in- 
fluence over  the  rapidity  of  union.  If  they  overlap,  it  is  proportionately  retarded 
(p.  446).  If,  in  addition  to  overlapping,  they  are  moie  or  less  separated  ;  or  if  they 
are  very  oblique  and  smooth,  so  that  they  readily  glide  one  over  the  other;  or  if 
they  touch  only  by  their  periosteal  sides,  nearly  double  the  ordinary  time  will  be  re- 
quired for  their  union,  partly,  no  doubt,  in  consequence  of  the  difficulty  of  maintain- 
ing them  at  rest.  Cases  of  double  fracture,  in  which  it  is  difficult  or  impossible  to 
prevent  riding,  are  always  tedious. 

Compound  fractures  demand,  on  an  average,  three  times  the  period  required  for 
simple.  The  most  tedious  are  gunshot  wounds,  on  account  of  the  extensive  com- 
minution of  the  bone,  and  the  damage  to  the  soft  parts. 

When  there  has  been  actual  loss  of  bone,  in  consequence  either  of  the  removal  of 
splinters  or  comminuted  portions,  or  of  sawing  off  the  end  of  one  of  the  fragments, 
the  extent  of  restoration  varies  in  different  cases.    In  most  instances  it  is  little  or 

none,  and  the  limb  is  permanently  short- 
ened to  the  extent  of  the  loss.  Many  re- 
markable cases,  however,  are  recorded  of 
the  regeneration  of  large  pieces  of  bone, 
generally  in  the  tibia.1 

Perforations  of  bone  by  balls,  or  other 
foreign  bodies,  generally  become  filled, 
more  or  less,  with  new  bone.  When  the 
perforation  is  large,  bony  offshoots  from 
the  edges  partially,  but  never  completely, 
close  it. 

A  fracture  extending  into  a  joint  is 
never  followed  by  reunion  of  the  articular 
cartilage.  There  is  always  on  the  second 
or  third  day,  or  even  earlier,  more  or  less 
synovial  inflammation.  In  simple  fracture 
this  may  subside,  without  further  mischief; 
the  bone  unites,  leaving  an  interval  between 
the  borders  of  the  caitilage,  usually  filled 
with  fibrous  tissue  (fig.  44). 2  In  more 
severe  casas,  a  false  membrane  may  form  on 
the  synovial  surfaces ;  or  inflammation  ex- 
tends to  the  cartilage,  which  is  more  or  less 
eroded,  and  a  cure  is  effected  by  fibrous, 
or  bony  anchylosis.  In  compound  fractures 
some  degree  of  destruction  and  subsequent 
anchylosis  is  inevitable,  in  proportion  to  the 
size  of  the  joint  and  the  nature  of  the 
fracture.  Rarely,  indeed,  does  a  fractured 
joint  entirely  recover  its  functions. 
Separations  of  epiphyses  unite  by  the  same  process  as  fractures.  Union  is  often 
accompanied  with  much  thickening  and  some  deformity,  though,  owing  to  the 
breadth  of  the  fragments,  complete  displacement  may  not  have  taken  place.  The 
risk  of  interference  with  the  movements  of  the  joint  into  which  the  epiphysis  enters 


Fig.  44. — Union  of  a  Fracture  runningdown 
into  the  Knee-joint.  The  patient,  a 
middle-aged  man,  recovered  with  a  very 
useful  limb,  and  died  a  year  afterwards 
from  a  different  cause.  The  greater 
part  of  the  fracture  is  united  by  masses 
of  new  bone,  but  there  is  no  new  bone 
in  the  interval  between  the  fragments  of 
the  condyles,  and  the  fragments  of  the 
cartilage  ave  united  by  fibrous  tissue. 
(St.  George's  Hosp.  Mus.,Ser.i.  No.  195.) 


1  Vide  antea,  footnote,  p.  422.    Med.-Chir.  Trans,  xii. 

2  In  St.  George's  Hospital  Museum  is  another  specimen  (Ser.  i.  103)  of  fracture  into  the 
knee-joint,  whiclfended  fatally  twentv-eight  davs  after  the  injury.  On  the  articular  surface 
a  thin  layer  of  firm  fibriue,  of' a  li°rht"brown  colour,  is  interposed  between  the  cartilaginous 
margins  "of  the  fracture,  the  cartilage  itself  having  as  yet  undergone  no  change.  (Mus. 
Cat.)  Mr.  J.  Grei<?  Smith  (loc.  supr.  ext.  pp.  154, 1(58),  speaking  of  the  organisation  of  blood- 
clot  in  fractures,  refers  to  a  case  of  oblique  fracture  of  the  tibia  into  the  ankle-joint,  where, 
eight  davs  after  the  injurv,  foreshadowing  of  a  cartilaginous  structure  was  observable  all 
along  tbe  line  of  rupture  o'f  the  articular  cartilage.  See  also  Plate  vi  fig.  8  at  the  end  of 
the  above  paper. 
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is  obvious,  and  the  probability  of  the  growth  of  the  bone  being  subsequently  im- 
paired has  already  been  alluded  to  (fig.  34  and  p.  408). 

Ununited  fractures. — The  process  of  union  may  be  delayed  or  completely  arrested 
at  any  period  of  its  progress.  But,  inasmuch  as  the  time  requisite  for  consolidation 
is  very  variable,  and  there  are  no  signs  by  which  to  determine  the  precise  period  of 
arrest,  the  distinction  between  retarded  union  and  non-union  is  more  or  less 
arbitrary.    They  both  acknowledge  the  same  causes,  and  demand  similar  treatment. 

Certain  fractures,  from  special  causes,  rarely  unite  by  bone.  They  are  intracap- 
sular fracture  of  the  neck  of  the  femur,  fracture  of  the  olecranon,  coronoid  process, 
and  the  patella.    (See  Injuries  of  the  Upper  and  Lower  Extremities.) 

Ununited  fractures  are,  fortunately,  rare.  Amesbury,1  indeed,  states  that  he 
had  in  1828  seen  fifty-six  cases,  and  some  years  later  ninety  ;  but  his  experience  is 
quite  exceptional.    Lonsdale  2  found  that,  of  4,000  fractures  treated  at  Middlesex 

Fig.  45. — False  Joint  after  fracture  ;  Fig.  46. — False  Joint  after  fracture  ; 

showing  the  ends  adapted   to  each  showing  a  large  and  loose  synovial 

other,  and   united    by  a  capsular  capsule  containing  numerous  false 

ligament.    (From    the    Hunterian  cartilages.    (From    the  Hunterian 

Museum,  No.  462,  814.)  Museum,  No.  469,  822.) 


Hospital,  only  four  or  five  refused  to  unite;  Norris3  did  not  meet  with  one  case  out 
of  946  fractures  :  the  cases  which  he  saw  were  sent  from  elsewhere.  Liston  met 
with  only  one  in  his  own  practice.  Hamilton  reckons  that  they  do  not  exceed  one 
in  500  cases,  and  even  this  estimate  appears  high.  The  relative  liability  of  different 
bones  is  exhibited  in  a  table  of  150  recorded  cases  drawn  up  by  Norris.  Of  these, 
forty-eight  occurred  in  the  femur,  forty-eight  in  the  humerus,  thirty-three  in  the  leg, 
nineteen  in  the  forearm,  and  two  in  the  lower  jaw.  Other  bones,  however,  are  not 
exempt ;  instances  having  been  met  with  in  the  clavicle,  ribs,  acromion,  and  spinous 
processes  of  the  vertebrae. 

The  mode  of  connection  of  the  fragments  is  of  four  kinds  :  1 .  In  a  few  cases,  they 
are  enclosed  in  a  mass  of  fibro-cartilage.  This  may  be  ensheathing  callus  arrested  in 
its  development,  or  the  result  of  subsequent  irritation.    This  variety  of  union  is 

1  Obs.  on  Nature  and  Treatment  of  Fractures,  Sec  pt.  ii.  p.  193.    London,  1828. 

2  Practical  Treatise  on  Fractures.    London,  1838. 

3  'On  the  Occurrence  of  Non-union  after  Fractures,'  Amer.  Jour,  of  Med.  See.,  Jan. 
1842,  art.  1  ;  a  most  complete  article,  of  its  date,  for  reference  on  the  subject. 
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Fig.  47. — This  figure  represents 
the  left  humerus  of  the  late  Dr. 
Livingstone.  A  fracture  runs 
obliquely  through  the  attach- 
ment of  the  deltoid,  the  frag- 
ments being  ununited  by  bone 
but  held  togetherby  very  short 
fibro-cartilaginous  tissue. 
This  was  the  result  of  a  com- 
pound comminuted  fracture 
from  the  bite  of  a  lion,  many 
years  before  death.  This  un- 
united fracture  is  of  especial 
interest,  not  only  on  account 
of  the  man  to  whom  it  belonged 
and  the  usefulness  of  his  limb, 
but  because  it  was  by  this 
humerus  that  the  remains  of 
Dr.  Liviugstone  were  identi- 
fied by  Sir  W.  Fergusson. 
(Hunt.  Mus.  462a,  815.) 


often  painful  when  handled.  2.  In  others,  but  fewer  in  number,  and  only  in 
anaemic  subjects,  there  is  absolute  want  of  uniting  medium  of  any  kind.   The  ends 

of  the  bone  are  atrophied,  loose,  and  very  movable. 
The  limb  is  shortened,  and  quite  powerless.  3.  Occa- 
sionally a  genuine  diarthrodial  joint  is  established. 
A  typical  illustration  of  such  a  joint  in  the  humerus 
is  shown  in  fig.  45.  The  ends  of  the  fragments  are 
greatly  enlarged,  each  being  alternately  concave  and 
convex,  and  fitting  accurately  to  the  irregularities  of 
the  other.  These  ends  are  covered  by  a  smooth  fibrous 
tissue,  the  whole  being  surrounded  by  a  strong  cap- 
sular ligament,  represented  in  the  drawing  only  at 
the  sides.  In  other  cases  the  ends  of  the  bone  are 
covered  with  cartilage,  or  worn  down  by  friction  to 
a  hard  or  even  ivory- like  surface.  In  the  preparation 
from  which  fig.  46  is  taken,  and  which  is  described 
as  a  fracture  of  four  or  five  years'  standing,  the  ends 
of  the  bone  are,  as  here  depicted,  studded  with  car- 
tilage, and  enclosed  in  a  large  and  loose  synovial 
capsule,  in  which  were  found  a  great  number  of  false 
cartilages.  This  kind  of  union  is  always  the  result  of 
considerable  motion.  It  is  never  seen  after  a  com- 
pound fracture,  when  there  is  usually  some  kind  of 
fibrous  connection  (fig.  48).  In  by  far  the  majority 
of  cases,  the  union  is  by  fibrous  tissue.  This  tissue 
firmly  adheres  to  the  bone,  and  is  very  pliable.  In 
some  cases  it  is  so  short  as  to  constitute  a  kind 
of  synchondrosis  between  the  fragments,  admitting 
scarcely  any  movement  (fig.  47).  In  others  it  is 
long  and  flexible.  It  may  be  entire,  or  separated 
into  two  or  more  bands.  The  ends  of  the  bone  are 
commonly  smooth  and  rounded  off ;  sometimes  they 
are  shrunken  and  pointed  (fig.  48) ;  less  often  more 
or  less  enlarged  by  accessory  bony  growth — a  cir- 
cumstance highly  favourable  to  the  prognosis.  The 
medullary  canal  is  closed. 

It  is  not  always  possible  to  ascertain  the  actual 
condition  of  the  part ;  but  the  points  to  be  observed, 
as  bearing  practically  on  the  treatment,  are,  the 
utility  of  the  limb  (fig.  47)  1  ;  the  relative  positions  of 
the  fragments ;  their  mobility;  as  far  as  possible,  their 
condition  ;  the  degree  and  nature  of  the  deformity  ; 
and  the  sensitiveness  of  the  part  under  manipulation. 
(See  p.  450.) 

The  causes  of  non-union  may  be  constitutional 


1  On  this  point  two  cases  quoted  in  Mr.  Holmes's  Prin- 
ciples and  Practice  of  Surgery,  3rd  ed.  pp.  124,  125,  are  to 
be  remembered.  In  one,  though  a  false  joint  remained 
between  the  fragments  of  the  tibia,  the  thickened  fibula 
was  able  to  support  the  weight  of  the  body,  and  for 
seventeen  years  the  utility  of  the  limb  had  been  so  perfect 
that  the  patient  had  gained  his  living  as  a  club  messenger, 
using  only  a  stick.  In  the  other  case,  that  of  an  ununited 
fracture  of  the  femur  in  a  lady,  the  fragments,  though 
freely  movable  when  the  patient  lay  down,  locked  together 
on  her  standing  up  so  as  to  enable  "her  to  walk  fairly  well. 
There  is  a  preparation,  and  a  very  interesting  one,  of  the 
bones  in  the  former  case  in  St.  George's  Hospital  Museum, 
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or  local.  Too  much  importance  has  been  attributed  to  general  or  constitutional  causes 
in  accounting  for  ununited  fracture.  Amongst  those  usually  enumerated  are  age; 
pregnancy  ;  lactation  ;  syphilis  ;  any  exhausting  disease,  such  as  phthisis ;  fevers ; 
insufficient  food  or  improper  diet ;  and  scurvy.  With  regard  to  the  first  six  of  these, 
it  may  be  safely  asserted  that  their  influence  is  indirect  and  remote  and  only  likely 
to  be  exerted  when  some  unusual  delicacy,  debility,1  or  cachexia,  are  present. 

These  figs,  represent  Ununited  Fractures  of  the  Radius  and  Ulna,  before  and  after  resection 
and  wiring.  The  fracture  was  compound,  with  comminution  of  the  ulna,  and  followed 
by  necrosis  of  portions  of  this  hone.  In  fig.  48  the  fragments  of  the  ulna  are  seen  to  be 
pointed,  turned  somewhat  outwards,  and  connected  to  one  another  and  to  the  radius  by 
fibrous  bands.  The  letters  A  A,  B  B  denote  the  amount  of  bone  resected  from  the  frag- 
ments. It  will  be  seen  that  it  has  been  necessary  to  remove  more  bone  from  the  radius 
than  from  the  ulna,  in  order  to  obtain  satisfactory' position  of  the  fragments.  This  figure 
is  taken,  -with  Prof.  Annandale's  permission,  from  the  '  Brit.  Med.  Journ.,'  Jan.  9,  1875. 
Fig.  48.  Fig.  49. 


Age  may  influence  the  union  of  fractures  indirectly  through  the  periosteum.  In 
young  bones  this  is  thick  and  vascular,  with  an  abundant  deeper  cellular  layer  send- 
ing numerous  processes  into  the  Haversian  canals  and  prone  to  form  bone.  Accor- 
dingly, from  its  thickness  the  periosteum  is  often  not  completely  torn  in  children, 
and  on  this  account,  together  with  the  osteoblastic  power  of  its  deeper  layer,  non- 
union of  fractures  in  early  life  is  very  rare.  But  towards  old  age  the  periosteum 
has  become  thinner,  more  firmly  (the  cellular  layer  being  replaced  by  fibrous  tissue) 
connected  with  the  bone,  and  therefore  more  likely  to  be  completely  torn  in  frac- 
ture ;  lastly,  the  deeper  layer  has  lost  its  osteoblastic  power.  Another  way  in  which 
union  is  delayed  or  prevented  by  old  age  is  instanced  by  the  porous,  fragile,  fatty 
state  of  the  bones,  a  change  which  is  well  suited  to,  and  advances  pari  passu  with  the 
failing  muscular  powers,  and  cautious  and  feeble  movements  of  the  aged. 

Insufficient  food  or  improper  diet  will  certainly  delay  union.  Sir  B.  Brodie9 
mentions  two  corpulent  patients  in  whom  an  intentional  persistence  in  low  diet  for 
some  months  previous  to  the  fracture  had  this  result.  Mr.  Erichsen3  relates  a  case  where 
callus  four  months  after  the  injury  was  absorbed  under  the  influence  of  phthisis  and 

1  Billroth  (Lects.  on  Surg.  Path,  and  Therap.,  Si/d.  Soc.  Trans,  vol.  i.  p.  295)  gives,  as  a 
predisposing  cause  of  non-union,  the  debility  which  results  from  repeated  losses  of  blood. 

2  Med.  Gaz.  vols.  xiii.  and  xiv.  pp.  53,  61G.       3  Science  and  Art  of  Surg.  vol.  i.  p.  392. 
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debility  from  want  of  food.  A  diet  deficient  in  vegetables  bas  appeared  in  some 
cases  a  vera  causa ;  1  and  tbe  influence  of  scurvy,  at  least  in  tbe  severest  days  of 
this  scourge,  not  only  to  prevent  union,  but  to  dissolve  it  long  after  its  completion, 
has  been  pointed  out  by  Desault.2 

In  certain  cases  of  retarded  union,  where  tbe  cause  has  been  obscure,  it  has  been 
noted 3  that  the  urine  is  alkaline  and  loaded  with  earthy  phosphates.  In  a  case 
lately  under  the  care  of  my  colleague,  Mr.  Davies-Colley,  that  of  a  girl  set.  10,  who  had 
been  admitted  for  fracture  of  the  right  femur,  it  was  found  when  the  fracture  was 
taken  down  at  tbe  usual  time,  that  it  was  ununited,  most  of  the  long  bones  being 
also  strangely  flexible,  e.g.  the  tibia?  could  be  easily  bent  with  the  hands.  Most  of 
these  also  had  curves  corresponding  to  those  met  with  in  rickets,  enlargement  of  the 
epiphyses  and  '  beading '  of  the  ribs  being  also  present.  The  case  was  rendered 
somewhat  anomalous  in  that  the  tendency  to  curving  and  the  flexibility  had  not  been 
noted  till  the  child  was  eight  years  old.  The  fracture  of  the  femur  united  tediously, 
and  the  same  bad  been  the  case  with  a  fracture  of  the  left  humerus  about  two  years 
before.  An  analysis  4  of  the  urine,  which  in  this  case  was  acid,  showed  the  phosphoric 
acid  to  lie  markedly  deficient  (T08  grammes  as  compared  with  3  66,  the  normal 
average;  but  the  variability  of  this  constituent  is  well  known);  the  calcium— the 
most  striking  point — to  be  in  excess  (-4C  compared  with  -17),  the  magnesium  being 
•10  compared  with  "19. 

The  local  causes  are  more  definitely  ascertained.  They  are  either  indirect,  as 
erysipelas,  paralysis,  obstructions  to  the  circulation,  whether  arterial  or  venous,  great 
obliquity  of  the  •  fracture ;  necrosis  and  loss  of  bone,  the  presence  of  a  foreign 
body,  separation  of  the  fragments,  and  motion. 

Wardrop  5  mentions  the  case  of  a  sailor  with  compound  fracture  of  the  leg,  in 
whom,  on  three  separate  occasions,  the  uniting  medium  was  resoftened  in  conse- 
quence of  attacks  of  erysipelas.  The  influence  of  paralysis  on  the  process  of  union  has 
been  disputed.  But  there  appeal's  no  doubt  that  paralysis,  whether  recent  or  of  long 
standing,  may  cause  delay  in  union,  but  does  not  necessarily  prevent  this  taking  place. 
Thus,  of  three  cases,  which  are  often  quoted,6  one  only  was  really  a  case  of  non-union, 
and  in  this  the  patient  only  survived  eighteen  days.  In  the  other  two  there  is 
evidence  that  union  had  begun  and  was  progressing,  though  very  tardily.  Where 
the  paralysis  is  of  long  standing,  it  does  not  of  necessity  cause  any  delay  per  se. 
Thus  Mr.  Busk  has  recorded  7  the  case  where  a  fractured  tibia  united  readily  in  a 
man,  the  subject  of  paralysis  for  twenty  years;  and  this  is  borne  out  by  the  result 
of  wounds  and  operations  on  paralysed  parts.8 

1  Lancet,  1855,  vol.  i.  p.  611. 

2  Joum.  de  Chir.  t.  ii.  p.  318.  See  also  Lord  Anson's  Voyage  round  the  World,  ed.  xv. 
p.  142. 

3  Penel,  Lond.  Med.  and  Phys.  Joum.  vol.  xiv.  p.  29. 

4  For  which  I  am  indebted  to  Dr.  Stevenson  and  Mr.  E.  Roberts. 

5  Med.-Chir.  Trans,  vol.  v.  p.  378. 

6  One  is  given  by  Mr.  Travers  {Further  Inquiries  concerning  Constitutional  Irritations,  §-c. 
p.  936),  that  of  a  man  who  had  a  fracture-dislocation  of  the  fourth  and  fifth  lumbar  vertebrae, 
his  right  and  left  arm  being  fractured  at  the  same  time.  The  fracture  of  the  arm  was  united 
in  five  weeks,  and  the  patient  dying  three  weeks  later,  some  thickening  was  found  about  the 
fractured  ends  of  the  bones  of  the  leg,  and  the  process  of  union  seemed  to  be  at  length 
commencing.  In  the  second  case  (Mr.  Campbell  De  Morgan,  Lond.  Med.  and  Surg.  Joum., 
Jan.  4,  1834),  after  a  fracture  of  the  twelfth  dorsal  vertebra,  several  ribs  and  one  ankle  being 
broken  at  the  same  time,  union  took  place  in  the  case  of  the  ribs,  but  not  in  that  of  tbe  leg. 
With  reference  to  this  case,  the  difference  between  fracture  of  ribs  and  one  low  down  in  the 
tibia  is  a  wide  one  ;  and,  furthermore,  as  mentioned  above,  the  patient  only  survived  eighteen 
days.  The  details  of  the  third  case  are  given  by  Dr.  Ogle,  St.  George's  Hosp.  Repts.  vol.  vi. 
p.  275.  A  man,  set.  40,  had  at  the  same  time  fractures  of  tbe  first  lumbar  vertebra,  radius 
and  ulna,  and  femur.  Death  taking  place  three  weeks  after  the  injury,  fair  union  was  found 
to  have  taken  place  in  the  case  of  the  radius  and  ulna,  while  in  that  of  the  femur,  though 
lymph  bad  been  thrown  out  in  abnormal  abundance,  nothing  more  appeared  to  have  taken 
place,  no  hardened  tissue  (e.g.  fibrous)  having  formed.  In  a  man,  set.  20.  who  had  received 
a  fracture  of  the  lumbar  spine,  and  also  of  one  arm  and  leg,  who  died  seven  weeks  after  the 
injury  exhausted  by  bedsores,  the  arm  had  united,  but  no  mention  is  made  of  the  condition 
of  the  fragments  of  the  leg  (Le  Gros  Clark,  Diagnosis  of  Visceral  Lesions,  p.  142)  . 

7  Lond.  Med.  Gaz.  1840,  p.  97. 

8  Thus  Mr.  Hutchinson  (Lond.  Hosp.  Repts.  vol.  iii.  p.  324)  says  that  he  has  twice 
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Retarded  or  non-union  may  be  due  to  interference  with  the  venous  or  arterial 
current.  The  late  Mr.  Callender'  drew  attention  to  the  influence  of  the  coagulation 
of  blood  in  veins,  in  consequence  of  braising  of  the  soft  parts  about  a  fracture,2  and 
to  the  extension  of  the  clots  from  the  lesser  to  the  greater  vessels,  until  they  come  to 
obstruct  the  chief  veins  of  alimb.  The  oedema  which  is  associated  with  this  condition 
often  embarrasses  the  repair  of  fractures,  more  especially  when  the  breakage  is  near 
the  medullary  foramen,  or  involves  the  laceration  of  a  large  vein,  or  when  the  tissues 
around  are  greatly  bruised  from  the  direct  violence  of  the  injury,  so  that  clots  form 
in  the  principal  vessels.  As  this  complication  is  of  such  common  occurrence,  it  is 
strange  that  attention  has  been  so  little  directed  to  it  in  cases  of  tardy  repair  or  non- 
union. It  may  be  suspected  when,  about  the  fourth  week  ofter  the  inj  ury,  the  parts 
continue  or  become  cedematons,  cold,  and  often  aching.  In  cases  such  as  these  the 
whole  of  the  venous  blood  is  commonly  thrown  into  the  superficial  veins,  and  it 
becomes  important  in  every  way  to  facilitate  the  circulation  through  them.  Under 
such  circumstances  it  is  needless  to  insist  upon  the  damage  occasioned  by  tight 
bandaging,  or  to  show  how  materially  it  may  hinder  the  return  of  blood  from  the 
limb.  So  far  as  my  experience  goes,  fractures  of  the  forearm  are  most  liable  to 
suffer  from  this  cause,  from  the  facility  with  which  pressure  can  be  applied  to  the 
superficial  vessels  between  the  wrist  and  the  elbow. 

Mr.  Curling3  has  drawn  attention  to  the  fact  (as  a  probable  cause  of  delayed 
union)  that  in  fractures  of  the  long  bones  the  fragment  be)  ond  the  entrance  of  the 
nutrient  artery  undergoes  gradual  excentric  atrophy,  viz.  enlargement  of  the  medul- 
lary cavity,  expansion  of  the  cancelli,  and  thinning  of  the  cortical  portion — this  frag- 
ment now  only  receiving  blood  from  the  periosteum  through  minute  but  rigid  canals 
which  do  not,  save  in  early  life,  readily  allow  of  re-establishment  of  the  damaged 
circulation.  M.  Gueretin  has  gone  farther  than  this,  and  collected  cases  which  tend 
to  show  that  the  course  of  the  nutrient  artery  has  a  direct  bearing  upon  the  consoli- 
dation of  fractures.  Thus,  he  has  pointed  out 4  that  in  the  humerus,  where  the  direc- 
tion of  the  artery  is  from  above  downwards,  nine  out  of  thirteen  cases  of  ununited 
fracture  were  found  to  be  situated  above  the  nutrient  foramen.  In  the  forearm, 
where  the  nutrient  artery  passes  from  below  upwards,  seven  out  of  eight  cases  of 
ununited  fracture  occurred  below  the  nutrient  foramen.  Sir  B.  Brodie  5  proved  ex- 
perimentally that  ligature  of  the  femoral  artery  causes  delay  in  the  commencement  of 
the  repair  of  a  fractured  femur.  But  that  good  union  will  take  place  in  the  natural 
time  under  such  circumstances  is  proved  by  a  case  quoted  by  Mr.  Bransby  Cooper 
in  his  '  Surgical  Essays,',  in  which  fracture  of  the  femur  was  accompanied  by  injury 
to  the  popliteal  artery,  and  where,  though  the  femoral  artery  was  ligatured,  the 
fracture  was  firmly  united  in  six  weeks.  Mr.  Bryant6  refers  to  a  case  under  the 
same  surgeon  where  compound  fracture  of  the  leg  was  complicated  with  laceration  of 

operated  on  the  eye  in  cases  in  which  the  fifth  nerve  was  totally  paralysed,  and  in  both  the 
wound  healed  well.  See  also  Dr.  Brown-Sequard's  Lects.  on  the  Phys.  and  Path,  of  the 
Nervous  Centres,  p.  177.  '  If  we  try  to  find  out  what  is  the  power  of  cicatrisation  and  re- 
pair, in  cases  of  paralysis  not  complicated  by  irritation  of  nerves,  we  ascertain,  as  has  long' 
ago  been  done  by  Sir  B.  Brodie  ( Treat,  on  Nero.  Diseases,  by  J.  Cooke,  vol.  i.  pp.  130-133),  and 
as  we  have  doDe  since,  and  in  varying  more  the  mode  of  experimenting  (Experimental 
Researches  applied  to  Physiology  and  Pathology,  New  York,  1833,  pp.  6-17),  that  wounds, 
burns  and  fractures  may  be  cured  as  quickly  in  paralysed  parts  as  in  others.  Many  facts 
might  he  advanced  to  prove  that,  if  the  influence  of  the  nervous  system  is  indirectly  necessary 
to  nutrition  and  secretion,  it  is  nevertheless  true  that  all  the  phenomena  of  nutrition  and 
secretion  may  remain  normal  when  the  action  of  the  nervous  system  on  the  various  tissues 
is  missing.' 

1  Med.-Chir.  Trans,  vol.  li. 

s  For  another  source  of  thrombosis,  see  footnote, 1  p.  425.  Cases  where  thrombosis  of  the 
posterior  tibial  veins  has  ended  fatally  in  pulmonary  embolism  are  quoted  in  the  footnotes  on 
pp.  424,  427.  3  Med.-Chir.  Trans,  vol.  xx. 

4  Presse  Med.  i.  p.  45.  In  connection  with  the  above  causes  of  delayed  union,  it  must 
be  remembered  that  variations  occur  in  the  number,  size,  and  situation  of  most  of  the 
nutrient  vessels,  that  to  the  tibia  being  an  exception. 

5  Lancet,  1840,  vol.  i.  p.  381, 

6  Pract.  of  Surg.  vol.  ii.  p.  417. 
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the  femoral  artery,  and  ligature  of  this  at  the  seat  of  injury  was  followed  by  perfeet 
repair  of  the  fracture. 

Other  instances  of  the  important  part  which  an  altered  blood-supply  to  one  frag- 
ment plays  in  non-union  are  seen  in  cases  of  intracapsular  fracture  of  the  femur  and 
humerus. 

The  late  Mr.  Callender  1  mentioned  two  conditions  which  he  believed  to  be 
common  causes  of  delayed  union  :  (i.)  obliquity  of  the  fracture,  as  is  so  common  in  the 
leg,  where  one  fragment  has  a  tendency  to  glide  off  the  other,  and  the  whole  weight 
of  the  body  is  thrown  upon  the  uniting  medium,  instead  of  directly  upon  the  lower 
fragment,  which  in  a  transverse  fracture  largely  assists  in  bearing  the  superincumbent 
weight  :  (ii.)  fracture  near  a  joint,  e.g.  fracture  in  the  lower  third  of  the  humerus.  In 
this  fracture  (which  is  perhaps  of  all  the  one  most  frequently  followed  by  non-union) 
the  question  arises  of  the  possibility  of  a  stiff  elbow.  With  a  view  to  preventing 
this,  the  hand  and  forearm  are  flexed  and  extended  a  little,  and  the  joint  is  said 
to  move  freely.  It  is  not,  however,  the  joint  which  moves  under  these  circum- 
stances, but  the  fracture  itself.  Mr.  Callender  goes  on  to  say,  '  I  never  knew  an 
elbow-joint  to  be  anything  but  temporarily  stiff  after  a  fracture  of  the  humerus  not 
extending  into  the  joint ;  so  that  in  these  cases  there  is  no  excuse  for  handling  the 
forearm  ;  ...  no  movement  of  the  elbow  should  be  permitted  until  it  is  certain  that 
the  bone  is  firm.' 

Separation  of  the  fragments  is  manifestly  the  cause  of  non-union  in  fracture  of  the 
patella,  and  in  those  special  fractures  which  rarely  unite  by  bone.  This,  together  with 
insufficient  blood-supply  to  the  upper  fragment — in  e.g.  intra  capsular  fracture  of  the 
humerus  and  femur — -presence  of  synovial  fluid  between  the  fragments,  and  degenera- 
tive changes  in  the  fragments  themselves,  may  act  with  movement  in  bringing  about 
non-union.  It  is,  perhaps,  the  real  obstacle  to  union  in  those  few  cases  in  which  a 
fragment  of  muscle  or  tendon,2  or  a  large  effusion  of  blood,  has  been  found  interposed 
between  the  fragments  ;  as,  were  the  interval  small,  pressure  could  scarcely  fail  to 
cause  absorption  of  the  intervening  soft  tissue. 

The  most  constant  cause  of  non-union  is  undoubtedly  motion.  Norris  was  able 
to  trace  this  cause  in  twenty-two  out  of  forty-four  cases,  and  suspected  it  in  others. 
Amesbury  goes  much  farther,  maintaining  that  it  is  the  cause  in  almost  all  cases. 
To  prevent  union,  the  motion  must  be  considerable  and  long  continued.  To  the  in- 
fluence of  certain  powerful  muscles  is  due  the  frequency  of  non-union  in  the 
humerus  and  femur.  Thus  in  the  former  the  attachment  of  the  deltoid,  the  eoraco-bra- 
chialis,  and  the  brachialis  anticus,  close  together  in  the  shaft  of  the  humerus,  causes 
the  frequent  failure  of  union  met  with  at  this  spot ;  this  being  aided  perhaps  by  the 
fact  that  the  periosteum  is  frequently  wanting  where  fibres  of  tendons  go  directly 
into  bone. 

Numerous  measures  have  been  devised  for  the  cure  of  non-union.  But,  as  the 
distinction  between  delayed  and  arrest  of  the  process  of  union  is  in  all  cases  doubtful, 
it  is  only  after  the  failure  of  the  milder  methods  that  recourse  to  operation  is  justifiable. 

The  indications  for  treatment  are  four.  1.  To  remove  all  local  impediments,  as 
foreign  bodies,  dead  bone,  and  disease  of  the  bone  or  soft  parts.  2.  To  improve  the 
general  health.  3.  To  ensure  the  primary  conditions  of  union,  immobility  and  con- 
tact of  the  fragments.  4.  To  excite,  by  artificial  me.ms,  the  suspended  reparative 
action  between  and  around  the  fragments. 

The  various  constitutional  cachexia?  must  of  course  be  met  bv  their  own  special 
remedies.  Change  of  air  and  scene,3  usually  to  be  secured  with  the  aid  of  a  stiff  ban- 
dage and  crutches,  and  improved  living,  with  the  addition,  if  ne3dful,  of  any  accus- 
tomed stimulus,  or  some  article  of  diet  of  which  the  patient  had  been  deprived,  e.g. 
vegetables  where  a  fracture  has  occurred  in  the  course  of  a  long  voyage,  are  often 
all-sufficient  treatment. 

'  Brit.  Med.  Journ.  Nov.  30,  1871'  2  Stanley,  in  Lancet,  for  1854,  vol.  i. 

3  '  In  order  to  hasten  the  consolidation  when  it,  is  simply  delayed,  we  resort  to  all  those 
expedients  which  are  calculated  to  invigorate  the  general  system  ;  .  .  .  but  in  our  experience 
nothing  has  proved  so  efficient  as  encouraging  the  patient  to  leave  his  bed  and  get  out  into 
the  open  air  ' — Hamilton,  loc.  supr.  cit.  p.  (57. 
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The  most  promising  local  means  which  have  been  adopted  to  answer  the  remain- 
ing indications  are  ;  1 .  Rest  and  pressure.  2.  External  stimulants  and  friction. 
3  and  4.  Subcutaneous  incision  and  perforation  of  the  bone.  5,  Dieffenbach's 
operation,  or  some  modification  of  it.  6.  Resection,  with  or  without  ligature  or 
pegging,  care  being  taken  to  preserve  the  periosteum.  7.  Seton.  8.  Antiseptic 
resection  combined  with  bone-grafting. 

1.  Amesbury,1  following  out  his  own  doctrine,  maintains  that,  except  in  the  rare 
cases  of  false  joint,  or  when  union  is  prevented  by  the  presence  of  a  foreign  body 
or  diseased  bone,  rest  and  pressure  are  almost  invariably  sufficient  for  the  cure.  By 
this  method  he  has  succeeded  with  fractures  of  sixteen  months'  standing,  even  after 
setons  and  other  measures  had  failed.  Although  others  have  not  found  this  treat- 
ment so  universally  successful,  it  must  of  course,  in  the  great  majority  of  cases,  take 
precedence  of  any  other.  It  is  specially  applicable  in  those  cases  where  non-union 
depends  on  motion  or  malposition,  without  atrophy  of  the  fragments,  and  in  all  cases 
attended  with  thickening  and  tenderness  at  the  seat  of  fracture. 

The  apparatus  selected  must  depend  on  the  site  of  the  fracture  and  the  treatment 
previously  adopted,  the  pressure  of  any  especially  disturbing  muscles,  and  the  state 
of  the  fragments,  as  to  tenderness,  thickening,  &c. 

In  most  cases  it  is  not  enough  to  keep  the  fragments  in  close  contact.  A  certain 
amount  of  stimulus  is  requisite. 

2.  The  efficacy  of  all  local  measures  appeal's  to  depend,  not  so  much  on  the  irri- 
tation of  the  bone  itself,  as  on  the  action  which  they  arouse  in  the  soft  parts 
surrounding  and  connecting  the  fragments.2  It  has  happened  in  cases  of  tardy 
union,  that  an  accidental  bruise  3  or  attack  of  erysipelas 4  has  hastened  the  process. 
It  is  on  this  principle  that  external  applications,  e.g.  blisters,5  iodine,6  are  recom- 
mended. These  have  all  been  used  with  occasional  success.  If  the  limb  is  atrophied, 
exposure  to  air  and.  light,  friction,  stimulant  embrocations,  and  galvanism  are  of  the 
greatest  service.  Under  other  circumstances,  the  advantages  of  any  of  these  external 
applications  are  confined  to  cases  of  simply  tardy  union  in  superficial  bones.  In 
these  they  are  of  undoubted  benefit,  but  only  when  used  at  an  early  period,  within 
eight  or1  ten  weeks  after  the  fracture.  The  most  tested,  and  probably  the  most 
efficacious,  are  blisters. 

Friction  of  the  fragments  is  somewhat  more  stimulating  than  mere  pressure. 
There  are  two  modes  of  effecting  it.  The  usual  method  is  manual ;  rubbing  the 
fragments  against  one  another  for  some  minutes,  till  a  degree  of  uneasiness  or  even 
pain  is  produced.  It  may  be  repeated,  if  necessary,  daily,  till  the  part  becomes 
tender  and  painful.  It  is  intended  to  set  up  a  certain  amount  of  inflammation  in  callus 
which,  after  reaching  a  certain  point,  remains  stationary,  and  to  freshen  the  surfaces 
of  the  bone.  The  other  method,  applicable  only  to  the  lower  extremity,  recommended 
first  by  White,7  and  afterwards  adopted  by  Hunter,8  and  many  others,9  is  to  envelop 
the  limb  in  a  firm  apparatus,  and  direct  the  patient  to  walk  on  it.  Friction  should 
always  be  tried,  as  supplementary  to  rest  and  pressure,  before  stronger  measures  are 
adopted.    It  is  of  course  contra- indicated  by  the  presence  of  inflammation. 

1  See  Amesbury 's  Treatise  for  detailed  description  of  his  apparatus,  as  applied  to  different 
limbs. 

2  A  mode  of  treating  ununited  fracture,  known  as  Dumrebhers,  should  he  alluded  to  here. 
A  full  account  will  be  found  in  the  Wien.  Medizin.  Wochenschrift,  5,  1875,  and  an  abstract 
in  the  Lond.  Med.  Rec.  1875,  p.  81.  The  method  is  based  on  the  belief  that  deficient 
supply  of  blood  is  the  chief  cause  of  ununited  fracture,  and  its  chief  end  is  to  produce,  by  a 
peculiar  arrangement  of  pads  and  bandages,  a  temporary  local  hyperasmia  and  state  of  irrita- 
tion about  the  seat  of  injury,  in  order  to  secure  for  this  spot  a  sufficient  supply  of  nutritive 
material. 

3  Wardrop,  Med.-Chir.  Trans,  vol.  v.  sup.  cit. 

*  Seerig,  De  Pseudarthrosi  de  fracturd  projidscente,  18H8. 

5  Walker,  Lond,  Med.  and  Rhys.  Jvurn.  xxxiii.  p.  470;  Brodie,  sup.  cit.;  and  Velpean, 
Med.  oper. 

H  Buchanan,  Essay  on  a  New  Mode  of  Treatment  for  Diseased  Joints  and  the  Non-union  of 
Fractures.    London,  1828  ;  see  also  Norrb,  loc.  supra  cit. 

7  Cases  in  Surgery,  1770,  p.  75.  8  MS.  Lectures. 

9  Velpeau,  Med.  oper.  2nd  ed.  t.  ii.  p,  583. 
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3.  and  4.  Sir  C.  Bell 1  proposed  to  wound  and  irritate  the  ends  of  the  bone  by 
the  subcutaneous  introduction  of  a  pointed  instrument ;  but  he  had  no  opportunity 
of  carrying  out  his  idea.  Miller  2  confines  himself  to  the  laceration  and  irritation 
of  the  connecting  tissue,  by  passing  through  it,  in  various  directions,  a  double-edged 
bistoury  or  tendon-knife.3  Brainard  4  in  performing  this  operation  not  only  trans- 
fixes the  intervening  tissue,  employing  for  this  purpose  an  awl-shaped  perforator ; 
but  also  in  cases  of  overlapping  perforates  the  fragments  themselves  in  two  or  three 
places,  making,  however,  only  one  small  wound  in  the  skin.  These  methods  have 
met  with  great  success,  and  are  applicable  to  most  cases,  but  especially  where  the 
connecting  tissue  is  long  and  loose. 

5.  In  1845,  Dieffenbach,  taking  advantage  of  the  fact  pointed  out  by  Duhamel 
and  Flourens,  that  inert  foreign  bodies  lodged  in  bone  become  surrounded  by  abun- 
dant osseous  deposit,  introduced  the  operation  of  driving  ivory  pegs  into  the  frag- 
ments. Dieffenbach  himself  appears  to  have  met  with  great  success  from  this  oper- 
ation, even  on  the  humerus  and  femur.5  In  England  it  has  been  performed  successfully 
on  the  femur,  tibia,,  humerus,  ulna,  and  lower  jaw.6  It  has,  however,  met  with 
failure  7  and  reverses.  The  operation  has  been  followed,  in  different  cases,  by  fever, 
erysipelas,  haemorrhage,  and  profuse  suppuration,  and  in  one  case  at  least  of  the 
femur  by  pyaemia  and  death.  In  this  operation  it  is  not  necessary  to  first  expose 
the  fragments.  Punctures  having  been  made  down  to  the  periosteum,  the  frag- 
ments are  drilled  in  different  directions,  one  of  the  forms  of  Archimedean  drill 
being  most  useful,  and  long  ivory  pegs8  carefully  driven  home  with  a  ma.llet.  Neither  is 
there  any  need  to  drive  each  peg  accurately  through  each  fragment,  their  mere  pre- 
sence being  usually  sufficient  to  bring  about  the  formation  of  consolidating  callus. 
The  pegs  are  to  be  dealt  with  according  to  the  amount  of  swelling.9  The  success  of 
this  operation  is  most  assured  in  cases  where  a  certain  amount  of  callus  has  been 
formed,  but  remains  stationary,  refusing  to  ossify.  Where  the  ends  of  the  bone  are 
sclerosed  or  eburnated,  it  is  useless  to  use  pegs  unless  combined  with  resection.10 
Every  hospital  surgeon  knows  how  successful  Dieffenbach's  operation  is  in  ununited 
fractures  of  the  humerus.  In  the  case  of  the  femur  it  has  been  less  successful,  but 
it  is  equally  recognised  that  in  ununited  fractures  of  this  bone,  the  same  amount  of 
success  is  not  to  be  expected,  for  many  reasons,  amongst  which  the  difficulties  of 
thoroughly  getting  at  the  fragments  are  very  prominent. 

6.  Resection  of  the  fragments  was  first  practised  by  White,' 1  who  operated  success- 
fully on  the  humerus  .and  tibia.  It  should  always  be  performed  with  strict  antiseptic 
precautions,  otherwise  the  risks  of  suppuration,  erysipelas,  osteo-myelitis,  and  pyaemia, 
owing  to  the  free  incision  required,  and  the  exposure  of  cancellous  tissue,  and  perhaps 

1  Oper.  Surf?.  2nd  ed.  1814,  vol.  ii.  p.  326. 

2  Miller's  Principles  of  Surgery,  2nd  ed.  1850. 

3  Prof.  Lister  (Brit.  Med.  Jonrn.  Aug.  26,  1871)  records  the  case  of  an  ununited  extra- 
capsular fracture  of  the  femur,  in  a  man  aet.  45,  where,  eighteen  months  after  the  injury,  he  cut 
down  on  the  fragments  with  antiseptic  precautions,  and  gouged  them,  the  fracture  being  then 
firmly  put  up.    Recovery  was  complete,  the  patient  walking  well. 

4  Trans.  Amer.  Med.  Assoc.  vol.  vii.  1854;  and  in  Hamilton,  On  Fractures,  5th  ed.  p.  71. 

5  Dr.  Bushnan's  report,  in  Med.  Times  and  Gazette,  vol.  xv.  1847,  p.  298. 

6  See  Lancet,  1851,  vol.  ii.  p.  344 ;  1852,  vol.  ii.  pp.  152,  154  ;  1855,  vol.  ii.  p.  279  ;  also 
British  Med  Journ.  1859,  p.  885. 

"•  Med.  Ti7nes  and  Gazette,  1851,  vol.  ii.  p.  300;  Lancet,  1852,  ii  p.  153. 

8  Mr.  Bickersteth  {Med.-Chir.  Tram.  vol.  xlvii.  p.  113)  has  successfully  used  round 
copper  nails,  about  |-in.  long,  instead  of  pegs  in  treatment  of  fracture  of  the  lower  jaw.  He 
has  further  modified  the  operation  of  Dieffenbach  by  leaving  the  drill  itself  in  situ,  thus  doing 
away  with  the  use  of  pegs ;  the  drill  having  transfixed  the  superficial  fragment,  is  left  em- 
bedded in  this  and  in  the  deeper  one  till  it  is  loosened,  or  till  sufficient  union  has  taken  place. 
Mr.  Bickersteth  further  suggests  that  this  method  of  using  drills  might  be  made  use  of  from 
the  first,  where  much  difficulty  is  met  with  in  keeping  the  fragments  in  position. 

9  After  removal,  which  may  require  an  anaesthetic,  the  pegs  often  show  rough  erosions 
containing  granulation-tissue  in  which  multinucleated  giant-cells  will  be  found  similar  to 
those  met  with  in  the  bone-absorption  of  ostitis  and  caries. 

10  For  this  combined  method  applied  to  pseudarthrosis  of  the  humerus,  see  an  interesting 
paper  by  Frof.  Dolbeau,  Ball.  gen.  de  Thcrap.  July  15,  1875. 

11  Cases  in  Surgery.    London,  1770. 
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of  the  medullary  canal,  are  considerable.  The  limb  having  been  rendered  bloodless  by 
means  of  Esmarch's  bandages,  the  fracture  is  to  be  exposed  by  a  sufficiently  free  in- 
cision made  on  the  side  where  the  fragments  are  most  easily  reached.  The  periosteum 
is  then  to  be  carefully  detached  from  the  ends  of  the  fragments,  and  a  thin  layer  of 
bone,  about  a  quarter  of  an  inch  in  thickness,  removed  from  each.  To  facilitate  the 
resection,  the  fragments  are  to  be  thrust  out  into  the  wound,  or,  after  the  removal 
of  the  periosteum,  they  may  be  dragged  out  and  steadied  with  sequestrum  forceps  ; 
the  soft  parts  are  to  be  protected  with  spatulse  and  retractors,  and  the  ends  of  the 
bone  removed  with  a  narrow-bladed  saw,  or  a  chain-saw,  or  with  a  sharp-cutting 
chisel.  The  fragments  are  now  to  be  brought  into  exact  apposition,  and  to  facilitate 
this,  it  may  be  necessary  to  divide  adhesions,  and,  in  ununited  fracture  of  two  bones, 
e.g.  the  forearm,  where  one,  e.g.  the  ulna,  is  more  shortened  and  atrophied  than  the 
radius,  owing  to  necrosis,  bone  will  have  to  be  removed  more  freely  from  the  latter 
before  the  ends  of  the  former  can  meet  satisfactorily  (figs.  48  and  49).  The  ends  of  the 
bone  are  now  to  be  drilled,  the  point  of  the  drill  being  entered  on  the  superficial  sur- 
faces of  each  fragment,  and  then  made  to  project  in  the  centre  of  the  medullary  canal. 
The  ends  are  now  to  be  held  together  by  passing  stout  silver  wire  through  the  holes 
thus  drilled,  and  twisting  up  the  sutures.  In  some  cases  it  may  be  necessary  to 
secure  a  wider  surface  of  contact  by  cutting  the  fragments  obliquely.  The  after 
treatment  of  the  case  is  that  of  a  compound  fracture.  The  sutures  can  usually  be 
removed  about  the  third  week,  an  anaesthetic  being  given  if  necessary.1 

Resection  is  especially  indicated  in  long-standing  cases,  where  other  methods,  e.g. 
Dieffenbach's,  have  failed,  in  cases  where  there  is  very  little  attempt  at  repair,  where 
an  artificial  joint  exists,  or  where,  after  severe  injury,  a'  compound  comminuted 
fracture  has  been  followed  by  necrosis,  atrophy  of  the  fragments,  and  fibrous  union. 

In  addition  to  the  above  methods  of  local  treatment,  which  will  be  found  most 
suited  to  all  ordinary  cases,  there  are  two  others  which  require  mention  here.  They 
are  (1)  the  introduction  of  a  seton.  (2)  Transplantation  of  bone  and  periosteum  by 
a  kind  of  plastic  operation.  * 

(1).  The  seton  was  formerly  in  considerable  repute  in  the  treatment  of  ununited 
fracture,  especially  in  America.  Thus  Norris  2  says  that  the  results  attained  in  that 
country  (36  cures  out  of  46  cases)  proved  the  seton  to  be  '  one  of  the  safest,  least  pain- 
ful, and  most  effectual  of  the  numerous  operations  which  are  performed  for  the  cure  of 
pseudarthiosis.'  In  England  this  method  has  met  with  but  little  success.  Its  com- 
parative disuse  is  probably  owing  to  the  adverse  opinions  of  Mr.  Amesbury,3  Sir  W. 
Lawrence,4  and  Sir  B.  Brodie,5  on  account  of  its  liability  to  failure  even  after  grave 
constitutional  disturbance  and  irritative  fever.  Whether  the  seton  be  passed  between 
the  fragments  (to  facilitate  this,  extension  should  be  made  upon  the  lower  one)  or 
merely  in  their  immediate  neighbourhood  appeal's  to  be  immaterial.  According  to 
Norris,  the  seton  appears  most  indicated  in  fractures  of  superficial  bones,  viz.  the 
tibia,  forearm,  humerus,  clavicle,  and  lower  jaw.  Where  the  fracture  is  of  old  date, 
where  the  fragments  are  widely  separated,  or  where  they  cannot  be  kept  in  conta.ct ; 
where  there  is  no  attempt  whatever  at  callus-formation;  lastly,  in  cases  where  the 
fracture  is  close  to  an  important  joint,  or  where  there  is  reason  to  suspect  that  large 
vessels  or  nerves  are  contiguous  or  adherent  to  the  fragments,  in  all  these  cases  the 
use  of  the  seton  is  contra-indicated.  In  whatever  cases  it  may  be  employed,  the  seton 
should  always  be  removed  as  soon  as  ever  there  is  clear  evidence  of  solidification  in  the 
line  of  its  track.  Among  the  materials  used  have  been  fine  tape,  silk,  and  silver  wire. 
(2).  Prof.  Nussbauni6  has  introduced  the  operation  of  transjnantation  of  bone 

1  See  cases  under  the  care  of  Prof.  Lister  of  ununited  fracture  of  patella,  and  bones  of 
forearm,  Brit.  Med.  Journ.,  June  11,  1881 ;  and  a  case  of  resection  and  wiring  of  tke  bones  of 
the  forearm,  by  Prof.  Annandale,  Brit.  Med.  Journ.,  Jan.  9,  1875. 

2  Loc.  supr.  cit.  p.  56.  3  Loc.  supr.  cit.  p.  224. 
4  Bond.  Med.  Gaz.  vol.  vi.  p.  355.                5  Ibid.  vol.  xiii. 

6  The  original  paper  was  published  in  the  Aertz.  Intelligent  Blatt.,  Feb.  23,  1875.  An 
abstract  of  it  will  be  found  in  the  Lond.  Med.  Rec,  1875,  p.  198.  It  is  interesting  to  note 
the  similarity  of  the  condition  of  the  fragments — '  thin,  pointed  with  cartilage,  and  slightly 
united  by  a  thin  fibrous  band ' — when  compared  with  that  met  with  in  Prof.  Annandale's. 
case,  and  represented  in  his  diagram  (figs.  48  and  49). 
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with  antiseptic  precautions,  having  made  use  of  it  in  the  case  of  a  young  officer,  in 
whom,  after  a  severe  gunshot  fracture  of  the  right  forearm,  no  union  took  place. 
After  cicatrisation,  owing  to  necrosis,  a  false  joint  was  found  in  the  fractured  ulna. 
On  cutting  down  upon  this,  the  two  fragments  were  found  thin,  pointed  with  carti- 
lage, and  slightly  united  by  a  thin  fibrous  band.  The  ends  of  the  bone  and  the  band 
having  been  removed,  and  an  incision  made  in  the  indurated  soft  parts,  in  the  space 
between  the  fragments,  to  set  up  some  inflammation  in  the  neighbourhood,  and  to 
promote  the  taking  root  of  the  grafted  bone,  the  upper  surface  of  the  proximal 
end  of  the  ulna  was  half  sawn  through  about  2h  inches  from  its  extremity;  then 
with  a  sharp  chisel  this  piece  was  partly  split  off,  together  with  its  periosteum,  which 
still  connected  it  with  the  rest  of  the  ulna,  and  turned  down  into  the  gap,  care 
being  taken  that  there  should  lie  as  little  tension  as  possible  on  the  connecting  peri- 
osteum. The  wound  was  closed  with  seven  sutures,  carbolised  dressings  applied,  and 
the  limb  put  up  in  gypsum  bandages,  with  a  trap  for  dressing.  Five  months  after, 
so  successful  had  been  the  operation,  the  patient  was  again  gazetted. 

In  selecting  one  rather  than  another  of  the  above  methods  of  treatment  of  un- 
united fracture,  the  surgeon  must  be  guided  by  the  history  of  the  fracture  and  its 
treatment,  the  time  that  has  elapsed  since,  the  general  condition  of  the  patient,  and 
the  probable  state  of  the  fragments.  Some  of  the  special  indications  for  treatment 
have  been  already  noticed  under  the  individual  methods.  Speaking  generally,  where 
the  fracture  is  comparatively  recent,  where  there  is  evidence  of  callus-formation,  the 
development  of  which  has  become  stationary,  flying  blisters,  friction  of  the  soft 
parts,  and  rubbing  of  the  ends  of  the  bones  together,  a  stiff  apparatus  carefully 
applied,  good  diet,  and  fresh  air  will  complete  the  cure.  Insufficient  rest,  the  history 
of  a  very  oblique  fracture,  where  a  fragment,  at  the  time  of  the  fracture,  did  much 
damage  to  the  soft  parts,  without  actually  perforating  them,  and  where  (in  the  case 
of  the  lower  extremity),  on  the  patient's  assuming  the  erect  position,  too  much  weight 
is  thrown  on  surfaces  which  are  not  face  to  face,  but  which  tend  to  ride  off  each 
other,  such  cases  are  to  be  met  with  patience  and  more  careful  rest.  If  the  treat- 
ment indicated  for  the  above  cases  fail,  and  it  very  seldom  will,  careful  laceration  of 
the  uniting  tissue  by  subcutaneous  or  antiseptic  incision,  or  Dieflcnbach's  operation, 
should  be  resorted  to. 

On  the  other  hand,  when  considerable  time  has  elapsed  since  the  fracture ;  when 
the  fracture  itself  was  severe,  and  followed  by  necrosis  ;  when  the  fragments  appear 
wasted,  only  joined  by  fibrous  tissue,  and  entirely  devoid  of  any  callus-formation; 
when  the  fragments,  somewhat  expanded,  and  moving  over  each  with  a  peculiar 
grating,  crackling  sound,  give  evidence  of  a  false  joint ;  when  Dieffenbach's  opera- 
tion has  failed,  in  these  cases  resection,  with  antiseptic  precautions,  will  usually  give 
good  results. 

There  are  a  few  cases  in  which,  in  consequence  either  of  hectic,  or  of  the  great 
encumbrance  of  a  useless  limb,  on  which  all  operations  have  failed,  amputation  is  the 
only  resource. 

1'n  in ful  and  deformed  union.- -Amongst  the  most  common  causes  of  pain  after 
union  are  periostitis,  ostitis,1  necrosis  and  retention  of  a  sequestrum,  inflammation 
of  a  neighbouring  joint,  matting  of  tendons  in  their  sheaths,  and  implication  of 
nerves  in  bony  or  other  inflammatory  formations  near  the  seat  of  fracture.  The 
above  are  to  be  treated  on  ordinary  principles,  and  will  usually  yield  to  persevering 
and  careful  treatment.  Occasionally  where  important  nerves  and  vessels  ai-e 
pressed  upon  or  included  in  callus,  where  ordinary  treatment  for  the  promotion  of 
absorption  has  been  of  no  avail,  and  where  motor  paralysis,  loss  of  sensation,  im- 
paired nutrition  of  skin,  nails,  joints,  &c.  are  persistent,  an  operation  may  be 
required  for  the  liberation  of  the  nerve;  for  such  a  one,  entirely  successful,  on  the 
musculo-spiral  nerve,  the  reader  is  referred  to  a  paper  by  M.  Oilier,'2  and  to  the 

1  Malgaigne,  Inc.  mpr.  tit.  vol.  i.  p.  ;  !)<■  quelquex  Maladies  du  Col;  ' Des  Accidents 
consecutifs  aiix  Fractures,'  par  M.  Quyot,  Arch,  de  Med,  Feb.  lSJiU. 

2  Gdz.  livbd.  1805,  p.  515.    An  abstract  of  this  paper  will  he  found  in  the  St/d.  Sue.  Bi. 
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other  references  given  below.  The  nerves  most  usually  implicated  appear  to  he  the 
median  in  fractures  near  the  wrist ;  the  ulnar,. posterior  interosseous,  and  musculo- 
spiral  in  fractures  of  the  lower  end  of  the  humerus,  or  in  separation  of  the  lower 
epiphysis  and  the  external  popliteal  in  fractures  of  the  upper  part  of  the  fibrda.1 

There  are  three  species  of  deformity  resulting  from  mal  union  :  1 .  Junction  with 
permanent  displacement,  either  angular,  or  rotatory,  or  shortening.  2.  Union  of  two 
contiguous  bones.    3.  Projection  of  one  of  the  fragments. 

For  the  removal  of  the  first  kind  of  deformity  four  methods  have  been  devised,  viz. 
reduction  by  means  of  extension  and  compression,  refracture,  section,  and  resection. 

Carefully  adjusted  pressure,  with  wisely-padded  splints,  will  be  found  of  service 
in  recent  fractures,  especially  the  '  green-stick  '  of  childhood. 

Sudden  forced  compression  has  been  sometimes  employed ;  but,  except  in  those  cases 
where  the  callus  admits  of  being  moulded,2  it  appears  to  produce  a  species  of  partial 
fracture. 

Re- fracture  is  effected  gradually  by  force  applied  either  by  the  hands  or  knee,  or,  in 
difficult  cases,  by  a  form  of  screw-clamp.3  Mr.  Skey  4  managed  it  readily  by  leaning 
the  weight  of  his  body  on  the  end  of  the  limb  projecting  beyond  the  edge  of  a  board  or 
bed.  The  fracture  is  facilitated  by  bending  the  limb  alternately  in  different  direc- 
tions, and,  when  there  is  only  one  bone,  by  rotation.  Where  the  union  is  too  firm 
to  admit  of  re-fracture,  osteotomy  had  better  be  employed,  a  narrow  saw  or  chisel 
being  made  use  of,  and  the  operation  being  conducted  with  antiseptic  precautions. 

The  time  dining  which  a  united  bone  admits  of  re-fracture  varies  greatly,  even 
to  the  extent  of  many  weeks.  It  depends  on  the  age  and  health  of  the  patient,  the 
extent  of  uniting  surface,  the  position  of  the  fragments ;  in  fact,  on  all  those 
circumstances  which  influence  the  rapidity  and  perfection  of  the  healing  process. 
Skey  operated  once  on  the  leg,  in  a  boy  ast.  15,  thirteen  months  after  the  fracture. 
In  that  case  he  found  it  necessary  to  divide  the  tendo- A  chillis  before  he  was  able  to 
make  extension,  and  even  then  the  limb  remained  shortened  to  the  extent  of  three- 
quarters  of  an  inch.  It  may  be  noted  that,  while  the  period  admitting  of  re-fracture 
must  remain  indefinite,  Mr.  Skey  failed  in  one  case  where  nine  months,  and  suc- 
ceeded in  another  where  four  months,  had  elapsed  after  fracture  of  the  femur. 

Four  objections  have  been  raised  to  this  operation.  1.  The  danger  of  breaking 
the  bone  in  the  wrong  place.    OEsterlen  5  and  Skey,6  however,  show  that  this  danger 

Retr.  1865-1866,  p.  294.  Other  cases  will  be  found  in  papers  by  the  late,  Mr.  Callender,  St. 
Bartholomew's  Hosp.  Jtepts.  vol.  v.  p.  41  ;  Mr.  Ericliseu,  Lancet,  July  1,  1871,  and  in  Mr. 
Hilton's  Mest  and  Pain,  3rd  ed.  p.  199.  In  the  Lancet  for  Nov.  19,  1881,  will  he  found  an 
abstract  of  a  very  interesting  case  published  by  M.  Delens  in  the  Arch,  gen.,  which  may  be 
alluded  to  here  on  account  of  the  frequency  of  ensheathing  callus  in  the  clavicle  and  of  the 
important  relations  of  this  bone.  A  large  mass  of  callus  which  had  formed  around  the 
fragments  of  a  clavicle  in  a  man  set.  42  (in  the  same  patient  some  ribs  were  fractured,  which 
complicated  this  case  by  interfering  with  the  application  of  proper  apparatus  to  the  clavicle), 
so  pressed  upon  the  subclavian  artery  and  brachial  plexus  as  to  cause  weakening  of  the 
radial  pulse,  wasting,  and  loss  of  power  in  the  whole  upper  extremity,  together  with  formica- 
tion, &c.  By  subperiosteal  resection  about  eight  centimetres  of  the  bone  and  callus  were 
removed,  this  operation  being  followed  by  return  of  normal  pulse  in  the  radial  artery,  and 
(aided  by  electricity)  a  restoration  of  power  and  bulk  in  the  arm.  As  a  rule,  recent  callus, 
even  if  large,  becomes  absorbed.  See  Mr.  Hilton's  case  of  fractured  clavicle  and  absorption 
of  callus,  op.  supr.  cit.  p.  265. 

1  In  Guy's  Hospital  Museum,  prep.  1620  shows  a  compound  dislocation  of  the  head  of 
the  fibula,  with  laceration  of  the  external  popliteal  nerve.  Two  cases  of  intense  and  abiding 
pain,  from  injury  of  the  same  nerve  in  fractures  of  the  fibula,  will  he  found  recorded  in  Mr. 
(Jallender's  article,  which  has  been  alluded  to  above. 

2  Dupuytren,  '  De  la  formation  du  Cal.  Moyens  de  remedier  au  cal  vicioux  ou  difforme,' 
Leg.  orales,  t  ii.  art.  iii.  p.  47. 

3  See  a  figure  of  Butcher's  clamp  and  the  mode  of  applying  it  in  Mr.  Erichsen's  Science 
and  Art  of  Surgery,  vol.  i.  387. 

4  '  Cases  of  Refracture  of  Bone,'  Med.-Chir.  Trans,  vol.  xlii.  p.  23. 

5  Sur  la  rupture  du  Cal,  ou  Methode  sure  de  rompre  les  Os  mal  reduits,  par  J.  F. 
(Esterlen,  traduit  de  FAllemand  par  J.  C.  Maurer,  Paris,  1828. 

6  'I  know  but  of  one  hone  in  the  human  body,  coming  within  the  required  conditions, 
which  can  be  broken,  even  in  its  dried  state,  by  the  hand  of  man  employed  with  all  its 
muscular  force,  viz.  the  fibuia.    I  have  seen  a  powerful  man  entirely  fail  to  break  a  single 
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is  chimerical,  the  new  bone  being  for  many  months  more  spongy  and  more  fragile 
than  the  old.  This  dreaded  accident  has  never  happened  ;  and,  moreover,  accidental 
re-fracture,  which  has  taken  place  in  some  cases  after  two  or  three  years,  is  always  in 
the  same  place  as  the  first,  and  the  same  has  always  occurred  in  experiments  on 
animals.  2.  The  fear  of  inflammation  and  abscess,  in  consequence  of  laceration  of 
the  periosteum  and  soft  parts.  But  all  such  accidents  have  been  safely  overcome  in 
the  first  fracture,  when  they  were  necessarily  more  severe.  3.  The  separation  of  the 
fragments  by  an  interval  which  could  not  be  filled  by  bone.  This  is  most  im- 
probable. 4.  The  fear  that,  in  cases  of  overlapping,  the  cicatrised  ends  of  the  frag- 
ments will  be  incapable  of  uniting.  This  fear,  however,  is  unsupported  by  facts  ; 
the  deformity  is  not  commonly  accompanied  by  deficiency  of  healing  power  ;  and  in 
many  cases  the  new  fracture  has  appeared  to  unite  even  more  readily  than  the  old. 

The  operation  has  not  always  been  free  from  danger.  Cases  fatal  from  its 
violence  are  recorded  by  Morgagni  1  and  Laugier.2  Of  course  it  is  justifiable  only 
when  it  is  indispensable  to  the  utility  of  the  limb,  e.g.  when  pronation  and  supin- 
ation of  the  forearm  are  seriously  hampered,  when,  after  Pott's  fracture,  the  patient 
cannot  place  his  sole  flat  upon  the  ground,  or  when  there  is  severe  and  permanent 
pain  owing  to  large  nerves  being  displaced  or  pressed  upon,  when  it  can  be  under- 
taken without  difficulty  or  danger,  when  the  deformity  is  attributable  to  causes  which 
can  be  avoided  in  the  treatment  of  the  second  fracture,  and  only  after  all  practicable 
means  of  reduction  by  extension  and  compression  have  been  tried  without  success. 

If  the  union  is  too  solid  to  admit  of  rupture,  it  may  be  divided  by  cutting. 
This  is,  of  course,  a  serious  operation,  but  entirely  justifiable  in  extreme  cases  of 
deformity.  It  was  performed  successfully  on  the  tibia  by  Key  3  and  Sir  A.  Cooper 
in  1839.  More  recently  Prof.  Lister  has  recorded  a  very  successful  operation  of  the 
Kind  on  the  leg.  A  fracture  of  both  bones,  two  inches  above  the  ankle,  had  united 
with  great  displacement  of  the  foot  backwards  and  eversion,  rendering  the  limb 
absolutely  useless.  Trusting  to  the  antiseptic  treatment  to  obviate  the  great  risk 
of  producing  a  compound  fracture  into  the  ankle-joint,  he  cut  down  on  the  bones, 
and  having  divided  them  with  cutting  pliers,  restored  the  foot  to  its  proper  position, 
which,  however,  he  was  unable  to  do  till  he  had  divided  the  tendo-Acliillis,  the 
muscles  of  the  calf  and  of  the  sole  of  the  foot  being  contracted  through  the  long- 
continued  displacement.  Re-union  of  the  bones  followed  in  about  six  weeks,  and 
the  case  ended  in  complete  success.4 

Prof.  Langenbeck  divides  the  operation  into  two  steps.  Thus,  after  making  a 
small  incision  in  the  skin,  he  bores  through  the  callus  at  the  projecting  angle ;  a  fiu<^ 
keyhole  saw  is  then  introduced  into  the  hole  thus  made,  and  the  projecting  angle 
sawn  almost  through,  so  as  to  leave  a  thin  bridge  of  bone  intact.  The  wound 
having  healed,  the  second  part  of  the  operation  is  undertaken,  viz.  fracture  of  the 
remaining  thin  bone,  and  treatment  of  the  case  as  a  simple  fracture.  Prof.  Niiss- 
baum  (loc.  supr.  cit.)  adopts  the  same  principle,  but  uses  a  fine  chisel,  chiselling 
through  about  three-quarters  of  the  bone,  allowing  the  wound  to  heal,  and  then 
breaking  through  the  remaining  portion.5 

In  cases  where  the  fragments  distinctly  overlap,  where  the  limb  is  accordingly 
much  shortened,  and  where  sufficient  time  has  elapsed  for  the  bones  to  have  become 
firmly  united,  the  surgeon  must  not  expect  to  be  always  able  to  produce  much 
lengthening.  Where  the  deformity  and  shortening  are  due  to  union  with  angular 
displacement,  the  shortening  may  be  overcome;  but  where  the  fragments  overlap,  and 
there  is  much  contraction  of  the  muscles  and  tendons,  the  amount  of  lengthening 

radius,  on  which  his  muscular  force  was  immediately  directed.  Is  it  possible  to  apply  a 
similar  force  to  a  bone,  surrounded  with  soft  struct  urets  on  every  side  ?  Lou*?  before  such  a 
force  cduld  reach  t  he  bone,  the  skin  would  give  palpable  evidence  of  violence  by  laceration.'— 
iSkey,  loc.  supr.  cit.  p.  31. 

1  De  &rf.  ct  Cautit  Morb.  epist.  lvi. 

2  '  Des  Cals  diUbnues  et  des  Operations qu*ils  r^dament/  These  <ln.  Cone.  1841,  p.  Cr2. 
»  Giuft  Hosp.  Rep.  1H.!!».  1  Brit.  Med.  Join-),.  Oct.  31,  J 868,  p.  4GU. 
4  An  abstract  of  the  paper  will  be  found  in  the  LoncL  Med.  Itec.  ls>75,  p.  198. 
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produced  by  the  operation  will  be  limited.  The  operation  should  always  be  per- 
formed with  .strict  antiseptic  precautions,  and  it  should  be  remembered  that  in  many 
cases  large  vessels  and  nerves  may  have  been  drawn  into  altered  positions,  and  may 
even  have  become  adherent  to  the  bones. 

Mr.  Skey  appeal's  to  have  succeeded  in  restoring  the  normal  length  of  the  limb 
by  means  of  the  pulleys,  though  in  one  case  of  fractured  femur  the  elongation  of  the 
limb  was  only  accomplished  after  forty  minutes'  traction — '  with  respect  to  the  requisite 
elongation,  on  all  accounts  it  should  be  effected  by  a  great  power  gradually  applied, 
and  that  of  the  compound  pulleys  is  desirable  in  cases  where  the  retracting  force  of 
the  muscles  is  considerable.  In  children,  or  in  the  emaciated  limb  of  an  adult, 
pulleys  are  not  essential '  (loc.  supr.  cit  p.  33). 

Union  of  contiguous  bones  may  take  place  in  the  forearm,  the  leg,  or  between 
the  ribs.  In  the  forearm,  where  it  is  of  importance  as  interfering  with  pronation 
and  supination,  it  might  be  remedied  by  rupture  or  section  ;  but  it  does  not  appeal 
that  more  than  one  instance  of  such  an  operation  is  recorded.1 

The  projecting  point  of  one  of  the  fragments,  if  the  source  of  much  irritation  and 
inconvenience,  may  in  that  case  be  treated  as  an  exostosis.2 

Thomas  King  Hornidge,  1870. 
Walter  H.  A.  Jacobson,  1882. 

1  By  Gardeil ;  quoted  in  Malgaigne's  work,  sup.  cit.  p.  342. 

2  Velpeau,  Med.  oper.  2nd  ed.  t.  ii.  p.  599;  Dunu,  Med.-Chir.  Trans,  vol.  xii.  p.  181. 


45-1 


DISLOCATIONS. 

TIIHE  term  'dislocation'  is  ctymologically  equivalent  merely  to  'displacement;' 
_L  but  in  surgery  the  use  of  the  word  has  been  restricted  to  the  displacement  of 
one  articular  surface  of  bone  from  another ;  1  and  it  would  perhaps  be  more  con- 
venient still  further  to  narrow  the  meaning  of  the  term,  so  that  it  should  include 
only  such  of  these  displacements  as  are  caused  by  violence.  This  restriction,  how- 
ever, has  not  yet  been  made ;  hence  dislocations  are  divided  into  three  classes — con- 
genital, pathological,  and  traumatic.  It  is  of  the  latter  only  that  we  now  speak.  A 
traumatic  dislocation  is  a  forcible  separation  of  the  articular  surfaces  of  two  or  more 
bones.  This  is  effected  by  the  rupture  or  stretching  of  their  ligaments,  and  may  be 
partial,  i.e.  when  parts  of  the  articular  surfaces  remain  in  contact  with  one  another, 
though  not  the  parts  naturally  opposed  ;  or  complete,  when  the  surfaces  are  not  in 
contact  by  any  part.  Another  classification  of  dislocations  which  it  is  necessary  to 
dwell  upon  is  into — simple,  in  which  the  dislocated  bone  is  not  exposed  to  the  air ; 
and  compound,  where  there  is  a  wound  communicating  with  the  injured  joint. 

The  various  special  dislocations,  e.g.  of  the  hip,  shoulder,  &c,  are  described 
further  on,  with  the  injuries  of  the  regions  in  which  they  severally  occur ;  it  is, 
therefore,  only  necessaly  here  to  state  the  general  principles  applicable  to  the  patho- 
logy and  treatment  of  Traumatic  Dislocation.2  Complete  dislocations  will  be  first 
spoken  of  as  affording  the  most  intelligible  and  perfect  examples  of  the  injury  ;  and 
the  consideration  of  compound  dislocations  will  be  reserved  till  the  principles  which 
guide  surgeons  in  the  treatment  of  the  simple  injury  have  been  described. 

Causes, — The  causes  of  dislocation,  as  of  fracture,  are  twofold  ;  external  violence, 
and  muscular  action.  The  latter,  however,  is  very  rarely  the  cause  of  dislocation  in 
the  larger  joints ;  though  many  instances  are  on  record,  one  of  which  I  myself  saw 
in  the  person  of  a  man  who  dislocated  his  shoulder,  for  the  first  time,  whilst  lying 
in  bed.  More  commonly,  when  dislocation  is  produced  by  muscular  action,  the 
joint  has  been  previously  dislocated.  There  is  one  dislocation,  however,  which  is 
almost  always  produced  by  muscular  action,  that  of  the  lower  jaw,  and  the  disloca- 
tion of  the  patella  is  very  commonly  so  caused. 

Much  has  been  said  by  systematic  writers  about  the  share  which  the  muscles  take 
in  the  production  of  the  common  dislocations  from  external  violence,  e.g.  those  of 
the  hip  and  shoulder.  There  is,  however,  little  practical  importance  in  the  question, 
though  it  is  interesting  physiologically,  from  its  application  to  animal  mechanics.  It 
is  not  probable  that  the  muscles  have  any  other  influence  in  producing  most  dislo- 
cations than  that  they  sometimes  fix  the  bone  on  which  they  act  in  positions  in  which 
the  external  force  acts  advantageously  upon  it.  But  since,  as  M.  Malgaigne 
observes,  most  dislocations  can  be  produced  in  the  dead  body  as  easily  as  in  the 
living,  it  is  clear  that  the  action  of  muscles  is  a  very  unimportant  element  in  such 
accidents. 

A  less  doubtful  effect  of  muscular  action  is  the  change  which  is  often  produced 
in  the  position  of  the  displaced  bone  during  the  first  few  days  after  the  accident ;  so 

1  Occasionally,  it  is  true,  the  term  'dislocation'  is  applied  to  the  displacement  of  soft 
parts.  Thus  we  talk  of  'dislocation  of  the  crystalline  lens,'  dislocation  of  the  testicle  into 
the  perinseum,'  '  dislocations  of  tendons  from  their  grooves,'  &c.  This  use  of  the  word, 
however,  can  hardly  create  ambiguity. 

2  For  the  sake  of  simplicity  and  to  avoid  repetition,  the  word  'traumatic'  will  he 
dropped  in  the  sequel ;  but  all  that  follows  must  be  understood  as  spoken  only  of  that,  form 
of  dislocation. 
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that  a  bone  which  has  been  thrown  into  a  certain  position  at  the  time  cf  the  injury 
may  afterwards  be  found  in  another  place. 

Symptoms. — A  complete  dislocation  is,  in  typical  cases,  attended  with  such  very 
distinct  symptoms,  that  when  these  are  fairly  detailed  upon  paper  the  reader  is 
tempted  to  say  that  the  injury  is  unmistakable.  Yet  the  great  number  of  old  un- 
reduced dislocations  which  are  still  seen,  even  in  patients  who  have  been  from  the 
first  under  medical  supervision,  proves  that,  notwithstanding  the  elaborate  care  with 
which  the  symptoms  of  dislocation  in  general,  and  of  each  special  injury  in  parti- 
cular, have  been  described  ever  since  the  time  of  Astley  Cooper,  such  mistakes 
cannot  always  be  avoided,  even  by  well-informed  and  careful  men ;  and  it  is  no 
doubt  true  that  errors  in  diagnosis  on  this  head  will  sometimes  occur  to  the  best 
surgeons,  in  consequence  of  extreme  depth  of  the  parts,  of  great  effusion  and  swell- 
ing over  them,  or  of  complication  with  other  injuries ;  but  with  proper  care  such 
mistakes  ought  to  be  very  seldom  made,  even  at  the  time  of  the  accident,  and  atten- 
tion to  the  subsequent  progress  of  the  case  will  always  enable  the  surgeon  to  correct 
his  error  while  there  is  yet  a  fair  prospect  of  easy  reduction. 

The  general  symptoms  of  dislocation  are,  sudden  loss  of  motion,  following  an 
injury  which  (except  when  the  joint  has  been  formerly  the  seat  of  a  similar  lesion) 
is  usually  severe ;  loss  of  the  natural  shape  of  the  parts,  from  changes  in  the  relations 
of  the  muscles  surrounding  the  joint,  and  the  altered  position  of  the  bones ;  change 
in  the  length  of  the  limb,  which  in  the  great  majority  of  dislocations  is  shortened ; 
loss  of  the  power  of  voluntary  motion,  except  to  a  limited  extent  and  in  certain 
directions;  absence  of  crepitus  when  the  limb  is  manipulated;  and  great  inter- 
ference with  passive  motion,  especially  to  certain  movements;  while,  on  the  other 
hand,  other  passive  movements,  limited  or  impossible  in  the  healthy  body,  may  be 
absolutely  unimpeded,  in  consequence  of  the  rupture  of  the  ligaments  which  before 
restrained  them.  Other  symptoms,  accompanying  peculiar  dislocations,  and  depend- 
ing on  interference  with  the  functions  of  viscera,  nerves,  or  vessels  pressed  upon  or 
lacerated  by  the  displaced  bone,  may  be  present,  and  may  assist  in  diagnosis ;  but 
they  need  not  be  further  alluded  to  in  this  place. 

Crepitus  is  sometimes  met,  with  in  dislocation,  and  that  from  three  causes  :  1.  The  ordi- 
nary pseudo-crepitus  is  a  crackling  sensation,  due  to  the  presence  of  fluid  and  lymph  in  the 
joint-cavity,  the  sheaths  of  the  tendons,  or  neighbouring  spaces,  easily  distinguished  from 
true  bony  crepitus.  This  is  comparatively  often  met  with  some  time  after  the  accident.  2. 
True  bony  crepitus  may  be  perceived  at  any  time,  if  the  displaced  head  of  the  bone  rests  on 
a  fractured  process  in  the  neighbourhood,  as  in  a  case  reported  by  the  present  writer,  in 
'Med  -Chir.  Trans.'  vol.  xli.,  where  the  head  of  the  humerus  rested  against  the  stump  of  a 
fractured  coracoid  process.  3.  Finally,  tL'ire  are  a  few  cases  in  which,  as  it  appears,  the  soft, 
parts  separating  the  displaced  head  from  the  surface  of  bone  on  which  it  rests,  have  become 
absorbed,  and  these  surfaces  of  bone  roughened  by  inflammation  crepitate  harshly  when 
rubbed  together.    This  cannot  occur  till  some  days  after  the  accident,  at  the  earliest. 

Pathological  anatomy. — In  a  complete  dislocation,  the  injury  is  not  confined  to 
the  bones  and  ligaments  only,  but  involves  more  or  less  lesion  of  the  surrounding 
parts.  The  articular  capsule  is  usually  widely  lacerated,  and  the  special  ligaments 
of  the  joint  torn  in  various  degrees.  In  partial  dislocation  it  seems  probable  that 
this  feature  maybe  absent,  the  capsular  and  other  ligaments  being  merely  put  on  the 
stretch,  or  partly  torn  as  in  Mr.  South's  case  of  partial  dislocation  of  the  shoulder, 
where  there  was  a  slit  an  inch  long  in  the  capsule.1  Mr.  Eve 2  has  recently  described 
a  case  of  complete  dislocation  of  the  shoulder,  where  the  capsule  was  not  lacerated, 
but  was  stripped  off  the  scapula,  along  with  the  periosteum ;  and  John  Hunter  has 
preserved  a  preparation  (Mus.  Coll.  Surg.,  No.  868)  in  which,  three  weeks  after  a 
dislocation  of  the  shoulder,  no  laceration  of  the  capsule  can  be  seen,  though  there  is 
some  trace  of  its  having  been  more  or  less  injured. 

The  muscles  are  bruised  and  torn  to  a  variable  degree.  The  great  nerves  in  the 
neighbourhood  (such  as  the  circumflex  in  the  shoulder)  are  often  compressed  or 
lacerated,  and  hence  severe  pain  at  the  time  of  the  accident,  and  paralysis  afterwards 

1  Med.-Chir.  Trans,  vol.  xxii.  p.  100.  2  Ibid.  vol.  lxiii.  p.  317. 
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of  the  parts  supplied  by  those  nerves,  which  is  sometimes  irremediable.  The  large 
vessels  almost  always,  in  simple  dislocation,  escape  without  injury;1  but  they  are 
sometimes  compressed  by  the  displaced  bone,  so  as  to  obstruct  the  circulation  through 
the  limb.  Fracture  of  some  of  the  processes  surrounding  the  joint  is  a  very  common 
complication.  In  fact,  in  some  joints  (as  the  ankle)  it  is  rare  to  find  a  pure  specimen 
of  dislocation.  The  only  importance  of  this  fact  is,  that  in  such  cases  niore  care 
should  be  taken  to  procure  and  maintain  exact  apposition. 

Such  are  the  immediate  effects  of  a  dislocation.  If  the  bones  be  restored  to  their 
natural  position,  all  these  injuries  are  generally  soon  repaired.  The  ruptured 
capsule  readily  heals,  the  injured  muscles  and  tendons  regain,  in  a  great  measure,  if 
not  entirely,  their  former  condition  and  then1  former  strength,  and  even  the  nerves, 
if  contused  or  lacerated,  may  slowly  recover  themselves.  It  may,  indeed,  happen, 
although  it  is  not  common,  that  the  joint  inflames  after  reduction,2  even  under  proper 
and  judicious  treatment ;  but  this  complication  need  not  be  further  dwelt  on  here, 
since  it  must  be  treated  on  the  same  principles  as  any  other  case  of  articular  inflam- 
mation after  injury. 

If  the  dislocation  has  been  left  unreduced,  the  slight  motion  which  is  recovered 
in  a  short  time  after  the  injury  allows  the  formation  of  a  new  joint  in  the  enarthro- 
dial  articulations.  A  more  or  less  complete  cavity  is  developed  in  the  neighbourhood 
of  the  old  socket  (which  becomes  to  some  extent  obliterated),  the  head  of  the  bone  is 
altered  in  shape,  and  the  parts  around  are  changed,  much  as  in  rheumatic  arthritis. 
The  new  socket  is  lined  by  a  fibroid  deposit,  and  surrounded  by  a  cyst,  formed  doubt- 
less in  part  by  the  remains  of  the  old  capsule  of  the  joint.  In  ginglymoid  and  arth- 
rodial  articulations  the  process  of  repair  will  be  much  less  extensive,  and  therefore 
the  resulting  recovery  of  motion  much  less  perfect.  Sometimes,  indeed,  in  small 
joints  of  this  kind,  such  as  those  of  the  fingers,  complete  bony  anchylosis  may 
follow.3 

Bony  deposit  is  sometimes  found  in  the  tendons  around  an  old  dislocation,4  and 
the  bones  are  bound  together  by  the  union  of  the  displaced  ligaments  or  tendons. 

Obstacles  to  reduction  may  be  caused  either  by  partial  union  of  the  rent  in  the 
capsule,5  or,  as  Prof.  Fabbri  believes,6  by  the  small  size  of  the  laceration  in  the 
capsule,  or  by  the  interposition  of  other  soft  parts. 

It  is  noticed  by  Prof.  Hamilton  7  that  the  great  vessels  sometimes  become  adhe- 
rent to  the  capsule  or  periosteum  of  the  displaced  bone,  leading  to  the  risk  of  fatal 
haemorrhage  should  forcible  attempts  be  made  to  effect  reduction. 

Such  are  the  principal  effects  of  unreduced  dislocation.  The  chief  importance  of 
the  study  of  these  changes  is  in  order  to  know  the  time  at  which  they  occur,  so  that 
the  justifiability  or  otherwise  of  attempts  at  reduction  a  given  time  after  the  acci- 

1  A  case  was  operated  upon  by  Professor  Goldsmith,  of  Louisville,  in  which  the  femur 
had  been  dislocated  on  to  the  brim  of  the  pelvis,  so  as  to  lie  under  the  femoral  artery.  It  re- 
mained unreduced  for  two  months,  when  a  diffused  aneurism  was  found  to  have  been  formed. 
The  common  iliac  artery  was  tied.  Ths  patient  died  on  the  fifth  day.  The  femoral  and  ex- 
ternal iliac  arteries  were  found  perforated  to  the  extent  of  an  inch  on  the  posterior  external 
aspect  ;  and  the  head  of  the  femur  lay  in  the  cavity  of  the  aneurism  (American  Journal  of 
the  Medical  Sciences,  July  1860,  p.  80).  In  dislocations  of  the  shoulder  also  the  axillary 
vessels  are  occasionally  injured. 

2  I  have  now  under  treatment  a  boy  in  whom  the  ordinary  symptoms  of  morbus  coxarius 
followed  some  months  after  a  dislocation,  which  was  promptly  reduced. 

3  Preparations  showing  this  condition  maybe  found  in  the  Museum  of  St.  Bartholomew's 
Hospital,  Series  III.  Nos.  57,  61.  . 

4  Specimens  in  which  a  deposit  of  new  bone  in  tendons  is  believed  to  have  followed  dislo- 
cation may  be  found  in  the  Museum  of  Guy's  Hospital,  Nos.  129750,  129850. 

5  See  a  case  related  by  Mr.  Hilton,  Guy's  Hasp.  Repts.  Ser.  ii.  vol.  v.  p.  06 ;  a  prepara- 
tion in  the  Museum  of  St.  Bartholomew's  Hospital,  dissected  three  weeks  after  the  accident 
(Ser.  III.  No.  20) ;  also  a  case  by  Hamilton  of  the  United  States,  Am.  Journ.  of  the  Med.  Set. 
Nov.  1837,  p.  47  (quoted  by  Makrai^ne,  op.  cit.  p.  58)  ;  and  a  case  by  Hamilton,  of  Dublin, 
presented  to  the  Dublin  Pathological  Society,  Nov.  28,  1808.  In  the  latter  case,  however, 
there  was  some  fracture  of  the  articular  cavity. 

6  Memorie  delta  Sociefd  Med.-Chir.  di  Bologna,  vol.  ii.  p.  629. 

7  On  Fractures  and  Dislocations,  Philadelphia,  I860,  p.  492. 
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dent  may  be  determined.  Alteration  in  the  shape  of  the  bones,  either  by  widening 
of  the  articular  cavity  or  absorption  of  the  head  of  the  bone,  may  render  permanent 
and  safe  reduction  hopeless  ;  1  or  deposit  of  new  bone  on  the  dislocated  head  may 
render  it  too  large  to  fit  the  cavity  ;  or  the  presence  of  soft  anchylosis  between  the 
bones  may  render  necessary  for  reduction  a  force  greater  than  can  safely  be  applied  : 
or  the  original  articular  cavity  may  be  filled  up  with  lymph  or  with  the  remains  of 
the  old  capsule ;  or  the  articular  cartilages  may  have  been  absorbed,  so  that  no 
healthy  joint  could  be  reproduced. 

The  time  in  which  these  changes  take  place  seems  to  vary  with  the  amount  of 
movement  enjoyed  by  the  dislocated  bone.  Sometimes  the  formation  of  a  false  joint 
goes  on  very  rapidly.  Thus  in  Mr.  Hilton's  case  referred  to  on  the  previous  page, 
in  which  the  patient  died  thirteen  weeks  after  the  accident,  he  says :  '  All  these 
parts  (viz.  the  head  of  the  humerus  ;  the  remains  of  the  original  capsule,  now  inter- 
posed between  it  and  the  glenoid  cavity  j  the  fractured  great  tuberosity,  and  its 
attached  muscles)  were  included  by  a  thin  new  fibro-cellular  capsular  ligament,  and 
the  surfaces  contributing  to  the  formation  of  the  new  joint  were  all  smooth,  and 
covered,  as  it  were,  by  a  new  adventitious  synovial  membrane.'  In  this  case  also 
the  capsule  had  so  far  united  that  the  dislocated  head  could  not  have  been  replaced. 
And  Malgaigne  cites  a  somewhat  similar  case  only  eighteen  days  after  the  accident.2 
But  this  cannot  be  the  usual  condition  of  things,  since  many  dislocations  have  been 
reduced  at  advanced  periods.  Thus,  even  before  the  introduction  of  chloroform,  M. 
Sedillot  succeeded  in  reducing  a  dislocation  of  the  shoulder  backwards  more  than  a 
year  after  the  injury.3  Dieffenbach  is  said  to  have  reduced  a  dislocation  of  the 
shoulder  two  years  after  the  accident ;  Breschet  one  of  the  hip  on  the  seventy-eighth 
day ;  and  Mr.  Brodhurst  relates  two  cases,  in  one  of  which  he  succeeded  in  reducing 
a  dislocation  of  the  shoulder  on  the  one  hundred  and  seventy-fifth  day,  and  in  the 
other  a  dislocation  of  the  wrist,  six  years  after  the  accident.4  The  justifiability  of 
such  attempts  must  depend  on  the  symptoms  in  each  case.  More  will  be  found  on 
this  head  in  the  sections  which  treat  of  the  injuries  of  each  particular  joint,  and  to 
these  sections  we  must  also  refer  for  the  rules  of  diagnosis. 

Treatment.- — When  the  diagnosis  has  been  established,  if  the  injury  is  recent  and 
the  patient  is  suffering  much  pain,  reduction  should  be  at  once  attempted — at  least 
this  should  be  the  rule  in  all  joints  except  the  hip,  where  it  is  perhaps  better  to  wait 
until  chloroform  and  some  extending  apparatus  can  be  procured,  in  case  either  the 
one  or  the  other  should  prove  necessary ;  and  in  some  of  the  smaller  joints,  when 
the  patient  does  not  suffer  niuch,  we  may  be  guided  by  circumstances  whether  to 
attempt  reduction  immediately  or  put  it  off  till  some  more  convenient  time  and  place. 
There  is  always  a  fair  chance  of  reducing  a  recent  dislocation,  without  any  appliances 
or  assistance ;  although,  from  peculiar  complications,  or  from  the  great  muscularity 
of  the  patient,  failure  may  occur  in  almost  any.  The  principles  of  reduction  are  very 
simple,  and  the  various  mathematical  and  anatomical  refinements,  with  which  the 
ingenuity  of  systematic  writers  has  surrounded  the  subject,  are  never  thought  of  in 
practice.  The  process  is  as  follows  :  1.  The  upper  end  of  the  limb  must  be  fixed ;  2. 
The  lower  end  must  be  pulled  in  the  most  advantageous  direction  (reference  being  had 
to  the  insertion  of  muscles  into  it,  and  to  the  shape  of  the  parts  on  which  the  dis- 
placed head  is  lying),  until  by  this  extension  the  limb  has  been  restored  to  its  proper 
length ;  and  then,  3.  The  displaced  bone  or  bones  must  be  directed  into  the  joint  by 
manipulation  or  traction. 

The  second  is  the  most  difficult  indication  to  fulfil.  In  the  majority  of  recent  and 
simple  dislocations,  all  that  is  necessary  is  to  know  the  anatomy  of  the  parts,  and  the 
rules  applicable  to  the  special  injury  under  treatment,  which  will  be  found  in  subse- 
quent sections  of  this  work,  and  to  make  manual  extension  in  the  manner  indicated 

1  Mr.  Curling  relates  a  case  in  Med.-Chir.  Trans,  vol.  xx.  p.  338,  in  which  insecurity  of 
reduction  was  occasioned  by  absorption  of  the  glenoid  cavity. 

2  Op.  cit.  p.  52.  3  Contributions  a  la  Chirurgie,  vol.  i.  p.  132. 

4  '  On  the  Reduction  of  Old  Dislocations,'  St.  George's  IIosp.  Repts.  vol.  iii.  p.  68, 
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by  those  rules.  lint  in  more  complicated  and  less  recent  eases  something  must  be 
done  to  relax  or  subdue  the  muscles.  It  was  formerly  considered  necessary  for  this 
purpose  to  reduce  the  powers  of  the  system  by  venesection  and  tartar-emetic ;  but 
this  treatment  lias  now  been  entirely  superseded  by  the  discovery  of  anaesthetics.  In 
no  part  of  operative  surgery  has  this  great  discovery  made  a  more  complete  revolu- 
tion than  in  the  treatment  of  dislocation ;  so  that  what  was  frequently  a  most 
difficult,  and  always  a  very  painful  operation,  has  now  become  comparatively  painless 
and  usually  cpiite  easy.  The  rule,  therefore,  in  all  dislocations  which  cannot  be  re- 
duced by  the  first  attempts  which  the  surgeon  makes  with  his  own  unaided  force,  is 
to  administer  an  anaesthetic  ;  having  the  necessary  apparatus  at  hand  for  making 
forcible  extension,  if  required.  The  only  exceptions  to  this  rule  are,  when,  from 
concomitant  disease  or  injury,  attempts  at  reduction  are,  in  the  judgment  of  the 
surgeon,  contra-indicated. 

When  much  force  is  required  it  is  best  applied  by  means  of  the  pulleys.  This  is 
a  system  of  pulleys  on  a  single  string  ;  an  arrangement  by  which  the  force  is  multi- 
plied by  the  number  of  the  strings  on  the  lower  block.  The  pulleys  are  attached  on 
one  side  to  a  staple  driven  into  the  wall,  and  on  the  other  to  a  bandage  of  leather 
firmly  bound  to  the  limb,  and  usually  to  that  segment  of  it  which  is  dislocated,  in- 
stead of  to  the  one  below,  e.g.  above  the  elbow  in  a  dislocation  of  the  shoulder  rather 
than  below.  The  limb  above  the  dislocation  is  fixed,  by  means  of  another  stout 
leather  bandage,  to  a  staple  opposite  the  former.  Having  seen  that  the  string  of  the 
pulleys  runs  freely,  and  that  the  bandages  are  all  in  their  proper  places,  the  surgeon 
confides  to  one  assistant  (if  he  have  two)  the  care  of  the  upper  bandage,  to  see  that 
the  patient's  body  does  not  get  dragged  out  of  place  by  the  force  which  is  to  be 
applied,  and  to  the  other  the  string  of  the  pulleys.  This  string,  having  been  made 
so  tight  that  the  upper  bandage  is  visibly  pulled  upon,  is  then  to  be  cautiously  and 
gradually  tightened,  a  small  piece  being  pulled  in  at  regular  intervals.1  In  France, 
an  instrument  called  the  dynamometer  is  attached  to  the  pulleys,  in  order  that  the 
precise  force  used  may  be  accurately  measured.  Meanwhile  the  surgeon  manipulates 
the  head  of  the  bone  ;  and  when  it  appeal's  to  him  that  the  force  has  acted  sufficiently 
upon  it,  i.e.  when  it  has  come  opposite  to  the  empty  articular  cavity,  he  gives  the 
word  to  his  assistant  to  drop  the  string  of  the  pulleys  ;  and  then,  without  the  loss  of 
any  time,  directs  the  head  of  the  bone  into  the  articulation,  either  with  his  hands  or 
with  a  lever  of  some  kind  passed  below  it.  Should  this  attempt  fail,  it  may  be  re- 
newed, or  the  limb  may  be  bandaged  in  the  position  which  it  has  now  assumed,  and 
a  fresh  trial  made  on  the  next  or  some  early  day.  It  is  frequently  advisable  in  old 
dislocations,  where  the  displaced  bone  has  contracted  adhesions,  to  limit  the  first 
extension  to  breaking  down  these  bands,  postponing  all  efforts  at  complete  reduction 
till  another  opportunity.  Reduction  having  been  accomplished,  the  position  of  the 
joint  must  be  maintained  by  bandages,  or  splints,  for  a  certain  period,  which  varies 
for  each  joint,  and  which  is  prescribed  for  each  in  subsequent  sections.  If  this  pre- 
caution is  omitted,  the  head  of  the  bone  will  probably  slip  out  of  the  lacerated  open- 
ing in  its  articular  capsule,  and  the  dislocation  be  reproduced ;  or,  if  this  does 
not  take  place,  the  motion  of  the  joint  will  cause  some  amount  of  effusion,  which 

1  Cases  will  occur  when  the  pulleys  are  not  at  hand,  and  then  the  assistance  of  several 
men,  to  make  extension  and  counter-extension,  must  be  employed.  Great  care  should  be 
taken  to  make  them  pidl  together  gradually  and  steadily.  Or  the  following  contrivance, 
described  by  Dr.  Gilbert,  of  Philadelphia  (v.  Hamilton,  op.  cit.  p.  404),  may  be  used. 
'  Place  the  patient,  and  adjust  the  extending  and  counter-extending  bands  as  for  the  pulleys  ; 
then  procure  an  ordinary  bed-cord  or  a  wash-line  ;  tie  the  ends  together  and  again  double  it 
upon  itself,  pass  it  through  the  extending  tapes  or  towels,  doubling  the  whole  once  more  ; 
and  fasten  the  distal  end,  consisting  of  four  loops  of  rope,  to  a  window-sill,  door-sill,  or 
staple,  so  that  the  cords  are  drawn  moderately  tight;  finally,  pass  a  stick  through  the  centre 
of  the  double  rope,  then  by  revolving  the  stick  as  an  axis,  or  double  lever,  the  power  is  pro- 
duced precisely  as  it  should  be  in  such  cases,  viz.  slowly,  steadily,  and  continuously.' 

Other  instruments  have  been  proposed  for  making  forcible  extension,  such  as  Jarvi^s 
adjuster,  Bloxham's  dislocation  tourniquet,  &c.  ;  but  it  has  never  occurred  to  me  to  see  any 
case  in  which  all  the  force  that  could  he  prudently  applied  to  the  limb  was  not  easily 
obtained  by  the  pulleys. 
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will  interfere  with  the  proper  union  of  its  ligaments,  and  leave  the  joint  permanently 
weak,  and  very  liable  to  consecutive  dislocation.  Cases  of  this  kind  are  very  fre- 
quently seen,  in  which  dislocation  is  reproduced  by  very  trifling  causes,  and  is  as 
easity  reduced,  showing  the  laxity  and  weakness  of  all  the  parts  surrounding  the 
articulation.  Hence  it  is  important  to  keep  the  parts  at  rest  during  a  sufficient 
time,  though  the  opposite  extreme  must  also  be  avoided,  for  too  protracted  inaction 
might  cause  troublesome  or  even  permanent  loss  of  motion  from  soft  anchylosis. 

When  reduction  fails  from  any  cause,  much  judgment  and  care  are  required  to 
determine  whether  the  attempt  should  be  renewed  or  abandoned.  On  the  one  hand, 
the  damage  and  discredit  of  leaving  the  patient  to  his  fate  will  weigh  powerfully  in 
favour  of  perseverance ;  on  the  other,  serious  mischief  has  often  resulted  from  too 
protracted  and  too  violent  attempts  at  reduction.  Bones  have  been  fractured, 
tendons  ruptured,  even  the  large  vessels  of  a  limb  have  been  torn.1  Still  more  fre- 
quently the  pressure  of  the  bandages  produces  troublesome  sloughing,  which,  when 
the  limb  is  of  small  size,  as  the  thumb,  may  even  cause  the  loss  of  all  its  remaining 
usefulness.2  The  method  of  procedure  which  was  adopted  should  be  carefully  re 
viewed,  in  order  to  see  whether  there  was  any  fault  in  it;  in  which  case  there  will 
be  much  encouragement  for  the  trial  of  a  better  plan.  If,  however,  no  improvement 
can  be  suggested  in  this  respect,  then  attention  must  be  directed  to  the  position  of 
the  limb,  whether  changed  or  not  by  the  extension ;  to  the  nature  of  the  dislocation  ; 
the  state  of  the  parts  ;  and  to  the  time  which  has  elapsed  since  the  accident.  If  the 
position  of  the  displaced  bone  has  been,  though  not  entirely  remedied,  yet  improved  ; 
if  no  injury  has  been  done  by  the  extension  ;  if  the  dislocation  is  within  a  period  at 
which  reduction  is  commonly  successful,  and  of  a  joint  which  offers  no  peculiar 
obstacles — then  the  decision  will  be  in  favour  of  persevering;  while  in  the  opposite 
case  the  surgeon  will  probably  require  the  expressed  wish  of  his  patient  (if  a  person 
of  intelligence  and  with  a  full  under-standing  of  the  question),  and  the  assent  of  com- 
petent colleagues,  before  venturing  on  a  step  which  involves  certain  risk,  and  offers 
only  doubtful  advantage. 

If  it  be  found  necessary  to  abandon  a  case  of  dislocation,  the  patient  may  be 
comforted  with  the  assurance  that  his  limb,  though  it  will  never  be  as  useful  as 
before,  may  yet  recover  a  good  deal  of  motion ;  at  least,  this  assurance  may  be  given 
very  confidently  in  the  case  of  such  joints  as  the  hip  and  shoulder.  The  ultimate 
result  of  such  cases  is,  that  the  displaced  bone  forms  for  itself  a  new  socket,  in  which 
a  considerable  amount  of  motion  is  allowed.  The  result  in  ginglymoid  joints  is 
usually  less  favourable  ;  still,  they  may  do  well  if  passive  motion  be  kept  up. 

Partial  dislocation. — The  previous  observations  refer  to  complete  dislocations. 
It  remains  that  something  be  said  about  partial  dislocation.  This  injury  is  rarely 
met  with  in  the  large  enarthrodial  joints  ;  whether  because  it  really  only  occurs  thus 
rarely,  or  whether  in  part  from  the  difficulty  of  diagnosis,  may  be  a  question ;  but 
the  rarity  of  undoubted  specimens  to  be  found  in  our  great  museums,  and  still  more 
the  rarity  of  dissections  of  these  injuries  soon  after  the  occurrence  of  the  accident, 
leave  little  doubt  that  the  lesion  is  not  common.  It  need  hardly  be  said  at  the 
present  day,  that  the  great  majority  of  the  specimens  which  used  to  be  described  as 
'  partial  dislocation '  are  really  instances  of  displacement  from  disease. 

The  symptoms  of  partial  would  be  the  same  as  those  of  complete  dislocation, 
only  less  strongly  marked,  viz.  sudden  loss  of  motion,  change  of  shape  (independent 

1  A.  paper  by  Mr.  Callender,  in  vol.  ii.  of  the  St.  Bartholomew \s  Hasp.  Repts.,  may  he  re- 
ferred to  as  giving;  a  very  interesting  account  of  the  cases  in  which  rupture  of  the  axillary 
vessels  has  been  known  to  occur  in  the  reduction  of  a  dislocation.  This  accident  is  rare, 
occurs  almost  always  in  elderly  persons,  and  has  affected  the  artery  in  every  recorded  case 
except  one,  in  which  the  vein  alone  was  torn  (Price's  case,  loc.  cit.  p.  108). 

2  Samuel  Cooper  {First  Lines  of  Surgery,  7th  ed.  p.  705)  gives  the  surgeons  of  St. 
George's  Hospital,  fifty  years  before  his  day,  the  credit  of  having  pulled  off  a  man's  thumb  in 
vain  attempts  to  reduce  a  dislocation.  I  cannot  find  on  what  authority  this  story  rests ;  but 
gangrene  has  no  doubt  often  followed  such  attempts.  A  case  was  published  in  the  Gazette, 
hebd.,  1864,  p.  299,  in  which  the  forearm  of  an  old  woman  was  torn  off  .at  the  elbow  in 
attempting  to  reduce  a  dislocation  of  the  shoulder. 
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of  other  concomitant  injuries),  and  change  in  direction  of  the  axis  of  the  limh.  But 
it  will  be  at  once  allowed,  by  anyone  who  has  seen  much  of  surgical  practice,  how 
difficult  it  is  to  distinguish  these  symptoms  in  the  case  of  a  deeply- seated  joint  from 
the  effects  of  severe  contusion  or  impacted  fracture ;  and  hence  in  such  joints  the 
diagnosis  must  remain  rather  uncertain.1  In  some  articulations,  however,  such  as 
the  knee,  where  the  bones  are  in  contact  by  very  wide  surfaces,  any  dislocation 
which  occurs  is  almost  necessarily  partial,  and  here  the  diagnosis  can  generally  be 
easily  made. 

The  treatment  must  be  regulated  by  general  principles,  even  if  the  diagnosis 
remain  somewhat  doubtful.  The  limb  must  be  manipulated,  under  chloroform  if 
necessary,  until  its  axis  is  natural  and  its  length  corresponds  with  the  other,  and  it 
is,  if  possible,  restored  to  free  passive  motion  ;  and  it  must  be  then  confined  to  this 
position  for  as  long  a  period  as  may  be  judged  necessary. 

■  The  progress  of  the  case  will  generally  afford  valuable  information  as  to  the 
presence  or  absence  of  fracture  ;  since,  if  the  ligaments  merely  be  ruptured,  and  the 
bones  partially  displaced,  sufficient  solidity  is  very  soon  obtained  to  restore  at  least 
some  extent  of  motion;  while  in  fracture  the  limb  continues  for  a  long  period  quite 
as  helpless  as  on  the  first  receipt  of  the  injury  ;  for  the  uniting  medium  even  in  the 
smallest  bones  does  not  acquire  sufficient  solidity  to  allow  of  voluntary  motion  for  at 
least  a  fortnight ;  and  a  much  longer  period  is  required  in  the  large  bones  of  the 
limbs,  which  are  the  usual  subjects  of  such  an  accident  as  is  here  spoken  of.  Ecchy- 
moses  also  appear,  cceteris  paribus,  to  be  more  extensive  and  persistent  in  fractures 
than  in  other  injuries.2 

Compound  dislocation  is  an  accident  rarely  met  with  uncomplicated,  except  in 
the  ankle-joint,  or  some  of  the  articulations  of  the  fingers,  as  the  metacarpo  phalangeal 
joint  of  the  thumb.  Rules  for  the  treatment  of  each  special  accident,  deduced  from 
experience,  will  be  found  in  other  parts  of  this  work.  The  general  considerations 
which  should  guide  us  in  treating  these  injuries  appear  to  be  : 

1.  That  the  injury  does  not  of  itself  call  for  amputation,  unless  perhaps  in  the 
knee,  and  here  only  in  adult  life. 

2.  That,  if  the  head  of  the  bone  protrudes  from  the  wound,  it  is  better  to  remove 
it  than  to  make  any  violent  efforts  at  reduction. 

3.  That  it  is  always  better  to  excise  the  end  or  ends  of  the  bones  when  the  joint 
is  one  in  which  anchylosis  is  specially  to  be  deprecated. 

4.  That  in  the  joints  of  the  lower  extremity  no  bone  shoidd  be  removed  unless 
absolutely  necessary,  and  every  attempt  made,  by  enforcing  strict  rest,  drainage,  and 
confined  position,  to  induce  anchylosis*. 

The  prognosis  of  compound  dislocations  of  large  joints  is  highly  unfavourable  ; 
and  in  any  joint  anchylosis  wdl  most  probably  ensue,  though  in  the  fingers  it  may 
sometimes  be  obviated  by  timely  passive  motion. 

T.  Holmes. 

1  An  interesting  account  by  Mr.  Le  Gros  Clark  of  a  case  which  was  diagnosed,  and  with 
all  possible  appearance  of  correctness,  as  a  partial  dislocation  of  the  shoulder,  will  be  found 
in  the  St.  Thomas's  Hosp.  Rcpts.  for  1874. 

2  Packard's  Malgaigne,  pp.  84,  418. 
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nUNSHOT  injuries  are  injuries  which  result  from  the  action  of  missiles  that 
have  been  projected  by  force  derived  from  explosion.  As  the  name  implies,  they 
are  ordinarily  restricted  to  the  injuries  which  are  produced  by  shot  from  guns  or 
other  kinds  of  firearms;  but,  in  fact,  injuries  possessing  the  same  leading  charac- 
teristics may  result  from  any  object  impelled  by  a  sudden  expansive  force  of  suffi- 
cient violence.  The  fragments  of  closed  iron  vessels,  burst  asunder  by  the  elastic 
power  of  steam,  will  inflict  wounds  of  precisely  the  same  nature  as  those  caused  by 
the  bursting  of  a  shell.  Wounds  produced  by  the  forcible  impact  of  stones  in  the 
process  of  blasting  rocks  offer  familiar  examples  of  injuries  of  a  like  nature.  In  the 
following  pages,  however,  gunshot  injuries  will  be  chiefly  considered  as  they  are  met 
with  in  the  operations  of  warfare. 

History. 

From  the  earliest  time  of  the  application  of  gunpowder  to  implements  of  war, 
down  to  the  present  day,  the  injuries  inflicted  by  its  means  have  excited  the  most 
marked  interest  among  surgeons  ;  nor  can  this  be  wondered  at,  when  the  immensely 
superior  energy  of  this  agent  in  comparison  with  all  the  mechanical  powers  pre- 
viously in  use  for  hostile  purposes,  and  the  terrible  nature  of  some  of  its  effects 
on  the  human  frame,  are  remembered.  By  its  introduction  the  whole  aspect  of  war 
was  changed,  in  a  great  degree,  by  the  distance  at  which  opposing  forces  were 
enabled  to  contend  with  each  other;  just  as,  in  our  day,  a  great  change  has  occurred 
in  the  conditions  of  warfare  owing  to  the  increased  range  and  precision  of  fire 
obtained  through  the  general  use  of  rifled  weapons.  But,  although  the  altera- 
tions which  have  been  made  of  recent  years  in  the  qualities  of  firearms  have  been  of 
the  utmost  importance  to  those  who  have  been  engaged  in  the  occupation  and  study 
of  the  art  of  war,  to  the  army  surgeon  the  interest  they  have  excited  has  been  chiefly 
limited  to  the  degree  and  quality  of  the  injuries  inflicted  by  them,  as  compared  with 
those  which  were  produced  by  weapons  of  a  less  perfect  kind ;  while,  to  the  surgeons 
employed  at  the  time  of  the  introduction  of  gunpowder,  the  injuries  were  wholly 
new  in  their  nature  as  well  as  degree.  Recollecting  the  ignorance  which  then  pre- 
vailed in  all  departments  of  science  and  art,  it  can  excite  no  surprise  that  the  new 
engines  of  war,  with  the  flame  and  noise  accompanying  their  discharge,  were  re- 
garded with  superstitious  terror :  nor  that  surgeons  for  a  long  time  found  an  ex- 
planation of  the  sloughing  severity  of  the  injuries  they  inflicted,  and  of  their  difficult 
cure,  in  the  poisonous  nature  of  gunpowder,  or  in  the  burning  effects  of  the  projec- 
tiles from  heat  acquired  by  them  in  their  rapid  flight  through  the  air.  Unfortu- 
nately, these  erroneous  views  did  not  end  with  the  theories  from  which  they  started, 
but  led  to  modes  of  treatment  which  only  aggravated  the  mischief  done  by  the  new 
weapons,  and  to  the  use  of  so-called  remedies  which  did  nothing  but  retard  the  heal- 
ing action  nature  would  otherwise  have  established.  The  wound  being  regarded  as 
a  poisoned  wound,  it  was  believed  that  the  poison  could  only  be  got  rid  of  by  a  long 
and  tedious  process  of  local  suppuration,  and  so  prevented  from  entering  the  system 
of  the  patient.  The  irritative  fever,  the  wasting  and  emaciation,  and  all  the  other 
deleterious  results  of  the  protracted  treatment  of  the  injury  and  the  unhygienic  sur- 
roundings amid  which  it  was  conducted,  were  pointed  to  as  so  many  evidences  of  the 
indirect  effect  of  the  poison  working  in  the  frame  of  the  patient;  just  as  the  consti- 
tutional shock  at  the  time  of  the  wound,  the  loss  of  vitality  along  the  surface  in  the 
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track  of  a  small  projectile,  and  the  mortification  of  the  crushed  tissues  laid  bare  by 
the  passage  of  a  cannon-ball,  were  regarded  as  evidences  of  its  direct  influence.  Ou, 
looking  back  at  the  works  of  successive  writers  on  this  class  of  injuries,  the  reader 
may  well  be  surprised  at  tbe  improvement  in  their  treatment  having  been  so 
gradual  and  slow  ;  and  he  cannot  fail  to  observe  that  the  chief  impediment  to  a  more 
rapid  amelioration  of  the  system  pursued  was  the  prevailing  idea  of  the  necessity  of 
delaying  the  tendency  of  nature  to  close  the  wound,  in  order  that  the  supposed 
poison  might  be  eliminated  from  the  constitution.  The  openings  of  entrance  and 
exit  and  track  of  the  ball  were  incised  ;  the  wound  dilated  by  tents  or  other  means, 
and  terebinthinat.es,  or  even  scalding  oil,  poured  into  it ;  irritating  compounds  and 
ointments  applied  where  superficial  dressings  were  practicable ;  and  it  was  only  after 
the  wound  was  considered  to  be  fully  purged  of  its  venom  and  foul  humours  by  the 
extensive  suppurative  action  thus  kept  up,  that  cicatrisation  was  permitted  to  be 
established. 

It  required  long  years  of  observation  in  many  conflicts,  and  the  exercise  of  much 
industry,  not  to  mention  moral  courage  in  opposing  authorised  custom  and  prejudice, 
before  a  simpler  and  more  rational  mode  of  practice  was  followed.  It  is  satisfactory 
to  know  that,  though  Continental  surgeons  have  written  more  voluminously  on  the 
subject  of  gunshot  wounds,  the  older  English  military  surgeons  and  writers  stand 
forth  conspicuously  in  leading  the  way  to  a  practical  acquaintance  with  their  true 
nature  and  proper  treatment. 

Although,  however,  much  that  was  erroneous  was  removed  by  previous  surgeons, 
the  light  of  science  can  hardly  be  said  to  have  penetrated  this  important  province  of 
military  surgery  until  the  great  and  last  work  of  John  Hunter,  on  the  '  Blood, 
Inflammation,  and  Gunshot  Wounds,'  was  published  in  1794.  This  distinguished 
philosopher  served  as  a  surgeon  on  the  staff  of  the  army  in  the  expedition  against 
Belleisle  in  1760,1  and  in  the  same  capacity  in  Portugal  in  1763.  He  subsequently 
filled  some  of  the  highest  positions  in  the  medical  department  of  the  British  service : 
having  been  appointed  in  1776  Surgeon  Extraordinary  to  the  Army,  in  1786 
Deputy  Surgeon-General,  and  in  1701  Surgeon-General — a  laborious  office,  corre- 
sponding with  that  of  the  Director-General,  under  existing  arrangements.2  The 
physiological  principles  which  John  Hunter  enunciated,  based  on  extensive  study 
and  observation,  cannot  be  controverted ;  but  their  practical  application  in  several 
points  regarding  the  treatment  of  gunshot  wounds  has  been  greatly  modified  since 
his  treatise  on  the  subject  was  published.  There  cannot  be  a  better  illustration  of  the 
special  position  in  which  this  department  of  military  surgery  is  placed,  from  the  pecu- 
liar circumstances  under  which  it  is  practised,  than  the  fact  that,  though  men  of  the 
highest  attainments  have  discussed  the  subject  of  gunshot  wounds,  we  are  in  vert  lie- 
less  indebted  to  practical  experience  in  military  campaigns  for  almost  every  great  im- 
provement, some  few  of  recent  date  excepted,  that  has  occurred  in  their  treatment. 
Thus,  John  Hunter  was  led  to  advocate  the  delay  of  amputation,  after  severe  gun- 
shot wounds,  even  for  weeks,  that  the  patient's  constitution  might  accommodate 
itself  to  the  injury;  while  more  extended  observation  has  demonstrated  that  such 
secondary  amputations  are  much  more  fatal  than  those  which  are  performed  shortly 
after  the  infliction  of  the  wounds  leading  to  them — the  advantage  of  the  patient  thus 
coinciding  with  what  must  very  constantly  happen  to  be  a  practice  of  necessity  in 
the  field.  Mr.  Guthrie  remarks,  in  his  '  Commentaries  on  the  Surgery  of  the  Penin- 
sular War  between  1808  and  1815,'  that  the  surgical  principles  and  the  practice 
which  prevailed  at  the  commencement  of  the  war  were  superseded  on  almost  all  im- 

1  Senior  Staff  Surgeon,  according'  to  Sir  Everard  Home.  John  Hunter  lias  himself  re- 
corded that  the  extensive  opportunities  of  attending  to  gunshot  wounds  which  were  afforded 
him  by  his  appointment  in  the  expedition  against  Belleisle  drew  his  attention  to  inflamma- 
tion in  general,  and  enabled  him  to  make  the  observations  which  formed  the  basis  of  his 
immortal  treatise  on  the  Blood,  Inflammation,  and  Gunshot  Wounds. 

2  John  Hunter  held  this  oflice  during-  I  lie  early  part  of  the  war  with  France  which  pre- 
ceded the  peace  of  Amiens.  After  Hunter's  death  the  direction  ceased  to  be  vested  in  an  in- 
dividual, and,  instead,  an  Army  Medical  Board  was  constituted,  consisting  of  a  Physician- 
General,  Surgeon -General,  and  Inspector-General  of  Hospitals. 
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portant  points  at  its  conclusion  ;  and  he  quotes  a  remark  of  Sir  Astley  Cooper,  to 
the  effect  that  the  art  of  surgery  received  from  the  practical  experience  of  that  war 
an  impulse  and  improvement  unknown  to  it  before. 

The  military  operations  in  Algeria,  in  Schleswig-Holstein,  in  the  Crimea,  and  in 
India,  afforded  the  opportunity  of  testing  practically  the  applicability  to  army 
practice  of  many  of  the  improvements  which  came  into  use  in  the  civil  practice 
of  surgery  after  the  termination  of  the  war  in  1815.  Among  these  may  be  par- 
ticularly enumerated,  the  avoidance  of  amputation  of  limbs  by  recourse  to  excision 
of  wounded  joints  ;  resections  of  injured  portions  of  the  shafts  of  long  bones ; 
mitigated  amputations,  by  removal  only  of  those  terminal  portions  of  the  extremities 
which  had  been  destroyed  by  the  original  injury  ;  and  the  practice  generally,  of  what 
has  been  styled  conservative  surgery.  In  these  wars,  too,  the  value  of  chloroform 
as  an  anaesthetic  agent  in  military  surgery  became  fully  established.  They  also 
illustrated  the  influence  of  various  conditions  of  health  and  different  climates  on  the 
results  of  gunshot  wounds.  All  the  anticipations  which  were  held  out  at  the  com- 
mencement of  some  of  these  campaigns  were  not  realised,  but  still  they  added  much 
valuable  information  and  introduced  many  improvements  in  military  surgery. 

The  alterations  made  of  late  years  in  the  firearms  carried  by  troops — namely, 
the  transformation  of  muskets  into  arms  of  precision,  with  rifled  barrels  and 
graduated  aims — have  led  to  important  changes  in  the  severity  and  features  of  the' 
wounds  inflicted  by  them,  as  compared  with  those  observed  by  Guthrie,  Hennen, 
Cooper,  and  the  other  distinguished  surgeons  of  the  Peninsular  period ;  and  the 
results  of  these  changes  have  engaged  the  especial  attention  of  army  surgeons.  The 
effects  of  the  new  rifle-bullets  were  witnessed  during  a  portion  of  the  period  of  the 
Crimean  war.  They  were  seen  in  still  greater  proportion  during  the  campaign  of 
1859  in  Italy,  and  additional  practical  observations  on  their  effects  were  published 
by  the  Continental  surgeons  engaged  in  it.  The  fearful  numbers  of  killed  and 
wounded,  greater  than  in  any  former  experience,  owing  to  the  large  masses  of  troops 
brought  into  collision  with  each  other,  exhibited  the  effects  not  only  of  rifled  muskets, 
but  of  rifled  cannon  also  ;  and  among  the  French  forces  engaged,  an  opportunity  was 
afforded  of  instituting  a  comparison  of  the  results  of  their  treatment  under  circum- 
stances of  bodily  health  and  hospital  accommodation  very  different  from  those  of  the 
French  army  in  the  Crimea. 

The  war  of  the  rebellion  in  the  United  States  (1861-65)  has  again  largely  added 
to  our  experience  of  gunshot  injuries  and  knowledge  of  the  proper  principles  of  their 
treatment.  In  England,  one  valuable  result  which  emanated  from  the  war  with 
Russia  was,  the  regular  collection  and  arrangement,  under  Government  authority, 
for  the  first  time,  of  the  observations  and  practice  of  the  medical  officers  employed  in 
the  campaign.1  The  Government  of  the  United  States  has  not  only  followed  this 
example,  but  has  developed  it  in  the  most  liberal  spirit,  and  with  the  most  valuable 
and  magnificent  results.  The  Surgical  History  of  the  War  of  the  rebellion  is  not  yet 
completed,  but  already  two  quarto  volumes  of  it,  containing  together  nearly  2,000 
pages,  profusely  illustrated  by  admirable  drawings,  together  with  some  important 
monographs  on  special  subjects,  prepared  by  the  late  much-lamented  Surgeon  Otis, 
of  the  United  States'  army,  have  been  published  under  the  direction  of  Surgeon- 
General  Barnes.  These  volumes,  which  contain  a  rich  mine  of  practical  information 
on  injuries  incidental  to  warfare  and  their  treatment,  have  been  freely  distributed 
throughout  Europe,  in  accordance  with  acts  of  Congress,  at  the  cost  of  the  nation. 
While  the  war  was  in  progress,  specimens  to  illustrate  the  particular  features  and 
pathology  of  wounds  were  collected,  and  a  vast  museum  illustrative  of  military 
surgery  in  all  its  branches  was  formed  and  now  exists  at  Washington.  Not  only  the 
military  surgeons  of  all  countries,  but  all  who  may  unhappily  become  the  subjects  of 

1  The  French  statistics  of  the  Crimean  war  have  been  published  iD  the  admirable  work 
of  Dr.  Chenu  (Rapport,  mr  les  resultats  da  service  medico-c/murgieal  au.v  ambulances  tie  la 
Crimee,  par  J.  C.  Chenu,  &c.  pp.  732,  4to,  Paris,  1865)  ;  and  of  the  Italian  campaign  of 
1859,  in  two  large  volumes  by  the  same  author  (Siatistique  mSdico-cMrurgieale  de  la  cam- 
paqne  d'ltalie  en  1859  et  1SC0,  par  le  Dr,  J.  C.  Chenu,  &c,  tome  i.  pp.  924,  tome  ii  pp  974 
4to,  Paris,  1869).  F' 
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severe  injuries  in  battles,  owe  a  large  debt  of  gratitude  to  the  authorities  of  the 
United  States,  who,  with  such  broad  and  liberal  views,  have  done  so  much  to  extend 
the  boundaries  of  knowledge  in  military  surgical  science. 

During  the  year  1864,  we  had  nearer  home  the  war  carried  on  in  Schleswig  and 
Holstein,  and  during  1866  the  short  but  decisive  war  between  Prussia  and  Austria. 
In  the  former  war,  for  the  first  time,  all  the  troops  were  armed  without  exception 
with  lined  weapons.  In  the  campaign  in  Germany  the  effects  were  seen  of  breech- 
loading  weapons,  with  which  the  Prussian  soldiers  were  armed,  and  since  that  date 
the  change  of  muzzledoaders  into  breech-loaders  has  been  made  in  all  the  armies  of 
Europe.  The  rapid  and  uninterrupted  fire  that  can  be  kept  up  by  breech-loaders, 
and  consequently  their  influence  on  the  number  of  injuries  produced  within  given 
limits  of  time,  have  been  found  to  be  the  chief  points  of  interest  to  military  surgeons 
in  dealing  with  the  wounded  ;  the  characters  of  the  wounds  themselves  have  not 
appeared  to  be  affected  by  the  change. 

One  result  of  the  system  of  breech -loading  is,  that  it  enables  detonating  and 
explosive  bullets  to  be  discharged  from  portable  firearms  without  danger  to  the 
marksman  handling  the  weapons.  Dr.  Scrive,  in  his  '  History  of  the  Eastern 
Gampaign,'  states  that  explosive  bullets  consisting  of  small  cylinders  of  copper  contain- 
ing a  detonating  composition,  and  made  up  in  the  form  of  ordinary  cartridges,  were 
employed  by  the  Russians  in  the  Crimea.  Some  specimens  of  these  explosive 
missiles  were  found  in  Sebastopol  after  the  conclusion  of  the  siege,  and  it  was  only 
then,  M.  Scrive  remarks,  that  a  key  was  obtained  to  certain  wounds  of  a  frightful 
character,  which  could  not  be  accounted  for  by  the  action  of  ordinary  bullets,  or  of 
fragments  of  shell.1  No  similar  observation  is  recorded  in'the  British  official  Surgical 
History  of  the  Crimean  War,  though  it  has  been  stated  by  some  army  surgeons  that 
English  troopers  were  wounded  at  the  action  of  Balaklava  by  explosive  bullets. 
They  could  have  been  used  only  to  a  very  limited  extent,  however,  if  used  at  all, 
during  this  war,  owing  to  the  nature  of  the  weapons  with  which  the  bulk  of  the 
Russian  troops  were  armed;  while  now  with  breech -loading  arms  they  could  be 
fired,  if  considered  advisable,  without  any  limit.  Happily,  however,  we  may  hope 
that  such  a  barbarous  aggravation  of  wounds  will  not  be  brought  to  the  notice 
of  military  surgeons  in  the  future,  as,  by  a  convention  signed  at  St.  Petersburg 
in  November  1878,  the  principal  European  Powers  agreed  to  abstain  from  the 
employment  of  explosive  bullets  with  small  arms,  whatever  wars  may  arise  among 
them. 

The  great  wars  of  1870-71  between  Germany  and  France,  and  the  war  between 
Russia  and  Turkey  in  1877-78,  have  led  to  further  advances  in  the  scientific  treat- 
ment of  gunshot  injuries  in  certain  special  directions.  From  that  of  1S70-71, 
several  valuable  monographs  have  emanated,  being  the  results  of  observations  by 
eminent  surgeons  officially  occupied  with  the  two  opposing  armies,  as  well  as  by 
others  of  neutral  countries  who  had  voluntarily  tendered  their  services  in  aid  of  the 
wounded.  With  regard  to  the  Russo-Turkish  war,  the  most  conspicuous  feature  has 
been  the  efforts  made  by  certain  German  surgeons  to  apply  strictly  antiseptic  pre- 
cautions in  the  treatment  of  gunshot  injuries  in  the  field.  The  practice  in  these 
instances  has  been  pursued  under  peculiar  conditions,  in  which  unusual  facilities 
were  afforded  by  private  funds  and  enterprise  for  applying  this  mode  of  treatment ; 
but  the  successful  results  which  have  been  published,  especially  in  the  field  and  flying 
hospitals  fitted  out  at  the  cost  of  the  Red  Cross  Society  of  the  Caucasus,  and  directed 
by  Professor  Carl  Reyher,  render  it  certain  that  efforts  will  be  largely  directed  in  the 
future  to  the  adaptation  of  the  antiseptic  treatment  to  the  special  conditions  in  whicli 
wounded  soldiers  are  placed  in  time  of  war. 

The  history  of  gunshot  injuries  and  of  the  progressive  improvements  in  their 
treatment  would  be  very  incomplete  were  allusion  omitted  to  the  changes  that  have 
taken  place  in  the  arrangements  for  the  protection,  care,  hospitalisation,  and  nursing 
of  the  wounded  in  time  of  war.    So  far  as  the  effects  of  gunshot  wounds  are  con 

1  Relation  medico-chiruvgicale  de  la  campagne  <P Orient,  par  le  Dr.  Scrive,  &c,  p.  438. 
Paris,  1857. 
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cerned,  it  would  not  avail  much  to  have  a  thorough  acquaintance  with  the  nature 
and  tendencies  of  particular  injuries,  and  the  most  scientific  methods  of  dealing  with 
them,  if  no  proper  provision  were  made  to  ensure  the  necessary  means  for  their 
treatment  being  at  hand  when  wanted.  In  former  years  the  supplies  and  articles  of 
hospital  equipment  were  so  deficient  in  quantity,  and  in  many  instances  so  unsuitable 
in  kind,  sanitary  necessities  generally  so  little  regarded,  the  hospital  subordinates  so 
untrained,  the  medical  administration  so  powerless,  that  the  professional  knowledge 
and  expertness  of  army  surgeons  were  often  profitless,  and  the  sufferings  and 
mortality  among  the  wounded,  as  a  necessary  consequence,  greatly  increased. 
Immense  improvements  have  been  effected  in  the  regulations  on  all  these  topics  of 
late  years,  and  should  England  unfortunately  become  again  involved  in  an  European 
war-,  if  the  plan  of  field-hospital  administration  which  is  now  ordered  be  systema- 
tically and  thoroughly  executed,  and  the  provision  laid  down  for  the  hospital  seivice 
be  faithfully  supplied,  a  very  beneficial  influence  will  undoubtedly  be  exerted  towards 
effecting  a  more  speedy  cure  of  many  wounds,  in  mitigating  the  disabling  results  of 
others,  and,  speaking  generally,  in  lowering  the  rates  of  mortality  among  the 
wounded,  beyond  all  previous  experience. 

Qualities  of  the  Projectiles  by  which  Gunshot  Injuries  are  Produced. 

As  gunshot  injuries  are  greatly  modified  in  their  appearances,  symptoms,  and 
gravity  by  the  kinds  of  shot  which  produce  them,  some  remarks  on  these  missiles 
become  necessary.  There  is  not  space  in  a  limited  article  like  the  present  for  enter- 
ing fully  into  this  part  of  the  subject,  but  such  leading  points  as  the  varieties  of 
modern  projectiles  by  which  they  are  now  usually  caused,  with  the  influence  of  their 
form,  weight,  and  of  the  varying  degrees  of  velocity  impressed  upon  them,  will  be 
briefly  considered. 

Kinds  of  projectiles. — The  projectiles  used  in  warfare  of  the  present  day  are, 
gunshot  and  shells  of  various  sizes  and  kinds,  hand-grenades,  rockets,  rifle  and 
pistol  bullets,  and  other  minor  varieties  of  such  missiles.  These  are  the  ordinary 
direct  instruments  of  gunshot  injuries  in  warfare;  but,  in  addition,  there  are 
numerous  indirect  sources  of  wounds,  resulting  from  the  discharge  of  projectiles. 
These  are  stones  or  other  hard  substances  struck  from  parapets  or  from  the  surface 
of  the  ground  by  gunshot ;  splinters  of  wood  torn  from  platforms  and  framework, 
or  of  iron  from  gun-carriages;  fragments  of  bone  from  wounded  comrades,  or  articles 
in  their  possession ;  and  any  other  miscellaneous  objects  which  may  happen  to  be 
scattered  by  a  shot  or  shell  in  its  course.  Missiles  icsulting  from  the  discharge  of 
torpedoes,  military  mines,  or  from  the  bursting  of  metal  cases  containing  explosive 
materials,  fall  within  the  category  of  direct  projectiles,  as  they  are  set  in  motion  by 
a  primary  force  of  impulsion. 

A  gunshot  wound,  whether  received  from  a  direct  or  indirect  projectile,  may  be 
complicated  by  the  entrance  of  secondary  extraneous  bodies  of  various  kinds  ;  most 
commonly,  portions  of  the  cloth  or  other  parts  of  the  dress  worn  by  the  person 
wounded.  Such  accompaniments  of  the  primary  projectiles,  often  have  a  special 
bearing  on  the  progress  of  cure  of  wounds. 

Forms  of  projectiles. — The  projectiles  above  enumerated  present  several  varieties 
of  forms.  Some  have  definite  shapes,  as  cylindro-conoidal  shells  and  rockets  before 
explosion,  and  the  bullets  fired  from  rifles,  carbines,  and  pistols  ;  others,  indefinite  or 
uncertain,  but  generally  bounded  by  linear  and  jagged  edges,  as  fragments  of  shell, 
splinters  from  torpedoes,  fougasses,  and  other  such  explosive  contrivances,  and  the 
various  descriptions  of  indirect  projectiles  already  mentioned. 

In  the  largest  kinds  of  missiles,  such  as  are  projected  from  field-pieces,  or  guns  in 
position,  the  form  offers  little  subject  for  consideration  to  the  surgeon.  So  long  as 
there  is  momentum  enough  to  cany  forward  the  masses  of  iron  of  which  these 
missiles  are  composed,  so  long  will  their  weight  exert  the  most  important  influence 
in  producing  the  destructive  wounds  inflicted  by  them.  But,  with  regard  to  rifle- 
shot, the  form  presents  several  features  worth  the  consideration  of  military  surgeons. 
Vol  I.  H  H 
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In  discussing  the  subject,  however,  it  must  not  be  omitted  to  be  borne  in  mind,  that 
we  have  little,  if  any,  experience  of  the  effects  of  spherical  musket-balls  propelled 
with  the  same  amount  of  force  as  recent  improvements  in  firearms  have  given  to 
bullets  furnished  with  a  conical  vertex ;  although,  with  the  old,  t  vo-grooved  ride 
and  its  belted  spherical  projectile,  a  momentum  was  procured  far  exceeding  that  of 
the  balls  discharged  from  the  common  smooth-bore  musket.    The  change  in  form 
from  the  spherical  to  the  prolonged  cylindro-conoidal  bullet  seems  to  derive  its  chief 
importance  in  surgery  from  the  conical  end  possessing  the  mechanical  characteristics 
of  a  wedge,  while  the  former  acted  simply  as  an  obtuse  body.    From  this  quality  the 
power  of  penetration  of  conoidal  bullets  is  greater,  independent  of  the  increased 
momentum  communicated  to  them  by  the  construction  of  the  weapons  from  which 
they  are  discharged.    Thus,  supposing  one  of  the  old  musket-balls  to  strike  a  limb 
at  80  yards,  and  an  Enfield  rifle  conical  bullet  of  the  same  weight  at  800  yards,  when 
the  rate  of  velocity  would  be  nearly  similar  in  each  case,  the  penetration,  and  probably 
the  injury  from  the  rifle-bullet,  might  be  expected  to  be  considerably  greater  than  that 
from  the  musket-ball  on  account  of  its  shape.    The  wedge-like  quality  of  the  conical 
bullet  is  rendered  particularly  obvious  on  its  being  driven  into  the  shafts  of  the  long 
bones  of  the  extremities.    The  solid  osseous  texture  of  which  the  cylindrical  portion 
of  these  bones  is  composed  is  split  up  into  fragments,  having  mainly  a  direction 
parallel  with  that  of  the  central  cavity ;  while  fissures  frequently  extend  from  the  seat 
of  impact  and  terminate  in  the  joints,  of  which  the  bones  form  component  parts. 
Such  results  were  scai-cely  ever  noticed  from  the  impact  of  spherical  bullets.    The  bone 
might  be  greatly  smashed  at  the  part  struck,  but  the  fragments  were  of  a  more 
cuboid  shape,  and  the  long  Assuring  did  not  usually  occur.    With  the  most  recent 
bullets  of  very  short  transverse  diameter  and  hardened  substance,  the  fissuring  is 
often  very  prolonged  when  the  missile  strikes  apex  forwards  ;  but  the  fissured  frag- 
ments do  not  seem  to  be  stretched  asunder  to  the  same  extent  as  they  were  with  the 
broader  and  softer  leaden  bullets  previously  in  use.    Although  the  bone  is  greatly 
fissured,  the  periosteum  in  many  instances  remains  untorn  over  the  fissures,  and 
binds  and  retains  the  separated  bone  surfaces  in  their  normal  relations  to  each  other. 
If  not  unduly  disturbed  after  the  gunshot  injury,  there  is  so  far,  therefore,  a  greater 
probability  of  a  successful  result  from  treatment. 

The  same  difference  of  effect  may  be  generally  observed  on  comparing  the  injury 
produced  upon  the  apophysis  of  a  bone  by  a  conoidal  bullet  with  that  produced  by  a 
spherical  bullet.  The  splintering  caused  by  the  conoidal  projectile  will  frequently 
be  found  to  extend  to  a  considerable  distance  into  the  shaft,  while  the  injury  from 
the  spherical  one  is  usually  limited  to  the  apophysis  itself.  This  difference  becomes 
of  practical  importance  when  the  subject  of  the  treatment  of  such  an  injury  by 
resection  is  considered  ;  not  only  as  regards  the  extent  of  bone  necessary  to  be 
removed,  but  also  as  regards  the  progress  of  cure,  and  the  general  results  of  the 
operation. 

The  following  drawings  of  two  shoulder-joint  wounds  (figs.  50  and  51),  one  caused 
by  a  spherical,  the  other  by  a  conoidal  bullet,  during  the  Crimean  campaign,  well 
illustrate  the  relative  effects  just  described.  They  are  the  more  interesting  as 
regards  the  question  of  the  influence  of  form,  inasmuch  as  in  each  case  the  same 
part  of  the  bone  has  been  struck,  and  the  momentum,  or  force,  of  the  two  projectiles 
has  also  been  very  similar,  as  evidenced  by  their  corresponding  depth  of  penetration. 
The  sketches  are  taken  from  specimens  in  the  Museum  of  the  Royal  College  of 
Surgeons  of  England.1 

Another  result  of  the  tapering  summit  and  elongated  form  of  the  cylindro- 
conoidal  bullet  is,  that  it  is  less  exposed  in  its  course  through  soft  parts  of  the  body 
to  opposition  from  tendons,  and  other  long  and  elastic  structures,  so  frequently 
noticed  to  stay  the  progress  of  spherical  shot.  If  not  dividing  them  by  direct 
impingement,  it  readily  turns  them  aside;  and  it  is  partly  due  to  this  pointed  shape 

1  Prep.s.  No.  2'.)2d  B  and  No.  2026  D.  For  histories  of  the  cases,  see  Descriptive 
Catalogue  of  the  Pathological  Specimens  in  the  Museum  of  the  lioijal  College  of  Surgeons  of 
England,  pp.  92,  93. 
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and  narrower  transverse  diameter,  therefore,  as  well  as  to  increased  force,  that,  as 
will  be  noticed  hereafter,  the  lodgment  of  bullets  is  now  less  frequent  than  it  used 


Fig.  50. 


A  and  B  show  the  condition  of  the  head  of  a  humerus,  which  has  been  struck  by  a  conoidal  ball  at  the  anterior  aspect 
of  the  greater  tuberosity.  The  bullet  (shown  by  the  asterisk  *)  has  entered  apex  first,  and  is  embedded  in  the 
cancellous  tissue,  its  base  being  on  a  level  with  the  surface  of  the  bone.  Great  splintering  has  followed,  and  C 
shows  the  fissured  condition  of  the  shaft,  at  the  part  where  the  operation  of  resection  has  been  performed.  It  is 
probable  that  these  Assures  extended  some  distance  in  the  shaft  below  the  line  of  resection. 


to  be.  The  spherical  bullet  used  with  the  musket  had  a  diameter  of  '75  of  an  inch  ; 
the  transverse  diameter  of  the  projectile  used  with  the  Martini-Henry  rifle,  the 

Fig.  51. 


A  and  B  show  the  condition  of  the  head  of  a  humerus  which  lias  been  struck  by  a  spherical  bullet  in  nearly  the  identi- 
cal spot  at  which  the  specimen  represented  in  tig.  48  had  bepn  struck.  The  spherical  like  the  conoidal  bullet 
has  also  entered  to  a  distance  corresponding  with  its  own  depth,  its  surface  being  on  a  level  with  that  of  the  sur- 
rounding bone.  Although  the  head  of  the  bone  has  been  greatly  shattered,  as  shown  in  A,  the  rending  asunder 
or  splintering  is  very  limited,  and  the  saw,  in  resecting  the  injured  head,  has  passed  through  the  shaft  (see  c) 
without  crossing  a  single  fissure  ;  and  this,  notwithstanding  the  operation  has  been  performed  somewhat  nearer 
to  the  neck  of  the  bone  than  in  the  preceding  instance. 

weapon  with  which  the  troops  of  the  line  in  the  British  army  are  now  armed,  is  only 
"45  of  an  inch. 
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Weight  of  projectiles. — The  different  weights  of  the  bullets  used  with  portable 
arms  are  not  matters  of  such  practical  interest  to  surgeons  as  they  might  at  first 
appear  to  be.    Some  very  heavy  rifle-bullets  were  used  by  the  Russians  in  the 
defence  of  Sebastopol,  nearly  one-third  heavier  than  any  employed  by  the  troops 
opposed  to  them.    These  bullets,  if  they  had  possessed  an  equal  rate  of  velocity  at 
the  time  of  striking,  would  obviously  have  inflicted  injuries,  especially  against  osseous 
structures  which  offer  great  resistance,  wider  and  more  severe  in  proportion  to  their 
greater  size  and  momentum  than  the  lighter  and  smaller  bullets  fired  by  the  British 
troops ;  but  practically  they  did  not  retain  such  an  amount  of  velocity,  and  therefore 
did  not  strike  with  such  a  momentum  as  would  have  enabled  them  to  cause  injuries 
of  a  graver  character  than  the  Enfield  rifle-bullets.    With  respect  to  simple  flesh- 
wounds,  the  increased  size  of  the  wound  left  by  the  larger  bullet  made  little  differ- 
ence in  its  gravity,  or  the  time  required  for  its  cure,  while  the  escape  of  any  foreign 
substances  it  might  have  happened  to  carry  with  it,  was  facilitated  by  the  freer 
means  of  exit.    Mr.  Guthrie  has  mentioned  that,  having  had  a  wide  field  for  obser- 
vation in  the  effects  of  the  heavy  British  musket-balls  during  the  Peninsular  war  on 
the  French  wounded,  he  did  not  think  them  more  mischievous  in  their  results  than 
the  smaller  French  musket-balls  on  the  English  soldiers ;  while  the  advantages  of 
carrying  a  lighter  musket  and  greater  number  of  rounds  of  ammunition  were  on  the 
side  of  our  adversaries.1    It  is  understood  that  in  warfare  the  object  is  not  so  much 
to  destroy  life  as  to  disable  antagonists,  and  the  smaller  size  has  been  supposed  to  be 
fully  equal  to  this  object  by  the  British  military  authorities  of  recent  years.  When 
the  Enfield  rifle  was  given  to  the  army,  the  weight  of  the  bullet  was  reduced  two 
drachms  and  a  half  below  that  of  the  bullet  of  the  Minie  rifle,  previously  in  use. 
The  weight  of  the  projectile  used  with  the  Minie  rifle  was  680  grains;  with  the 
muzzle-loading  Enfield  it  was  reduced  to  530  grains.    The  bullet  of  the  converted 
Enfield  breech-loader  which  followed  was  still  further  reduced,  viz.  to  480  grains. 
The  bullet  used  with  the  present  Martini-Henry  rifle,  when  it  was  first  introduced, 
was  of  the  same  weight ;  subsequently  it  was  lessened  by  70  grains,  so  that  its 
weight  then  became  410  grains.2    After  all,  however,  within  the  moderate  limits  of 
weight  which  must  be  preserved  to  suit  the  circumstances  of  infantry  soldiers,  the 
form,  hardness,  and  velocity  of  rifle  projectiles  must  constitute  the  qualities  of 
greatest  interest  to  surgeons  in  connection  with  the  wounds  inflicted  by  them,  and 
not  their  relative  weight. 

Course  of  bullets. — Of  the  circuitous  directions  pursued  by  bullets  after  penetrat- 
ing the  human  body,  which  were  formerly  so  common,  comparatively  few  instances 
are  now  seen.  The  conoidal  shape  of  the  rifle  projectile,  the  force  with  which  it  is 
propelled,  and  its  mode  of  rotation,  have  had  the  effect,  among  others  already 
named,  of  changing  the  indirect  and  tortuous  course  which  was  so  characteristic  of 
the  spherical  ball  fired  from  the  smooth-bored  musket.  The  latter,  having  a 
momentum  that  scarcely  carried  it  true  to  a  mark  at  eighty  yards,  and  receiving,  as 
it  left  the  firelock,  an  impulse  which  caused  it  to  revolve  on  its  axis  at  right  angles 
with  the  line  of  flight,  spinning  like  a  billiard  ball,  was  deflected  by  the  most  trifling 

1  Commentaries  on  the.  Surgery  of  the  War  m  Portugal,  $c,  sc.  5th  ed.  London,  1853, 
pp.  20,  21. 

2  The  bullet  of  the  Martini-Henry  rifle,  with  which  the  British  infantry  is  now  armed, 
has  neither  the  hollow  base  and  baked  clay  plug,  nor  the  wooden  plug  or  hollow  space  in  the 
head,  which  were  features  of  the  Enfield  bullets  in  previous  use.  It  is  solid  throughout,  made 
of  lead  hardened  with  tin,  is  T27  in.  in  length,  and  tapers  upwards  from  the  base,  which  is  45 
in.  in  diameter,  to  the  apex.  The  bullet  starts  from  the  rifle  with  a  velocity  of  1,4-43  feet,  in 
a  second  of  time,  and  at  a  distance  of  1,000  yards,  which  it  travels  in  less  than  three 
seconds,  still  preserves  a  velocity  of  about  GOO  feet  in  a  second.  The  initial  velocity  of 
rotation  is  744  revolutions  in  a  second.  The  bullet  of  the  Gras  rifle,  now  the  weapon  of  the 
French  army,  is  also  a  hardened  projectile,  but  the  hardness  is  said  to  be  obtained  by  com- 
pression, nut  by  the  mixture  of  an  alloy.  Its  weight  is  the  same  as  the  Chassepot  rifle-bullet, 
385  grains.  The  weight  of  the  bullet  used  with  the  Mauser  rifle  of  the  German  army  is  also 
385  grains. 
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obliquity  of  surface,  by  the  resisting  obstacle  of  a  bone,  by  tendons,  or  the  aponeu- 
roses of  muscles,  or  even  by  the  elastic  resilience  of  muscles  themselves  in  a  state 
of  action,  when  the  relative  direction  of  their  fibres  was  favourably  placed  to  exert 
this  influence.  A  modern  cylindro-conoidal  bullet,  armed  with  a  force  that  will 
carry  it  to  a  distance  of  a  mile  or  upwards,  flies  spinning  on  an  axis  coincident  with 
its  line  of flight,  or  turning  like  a  screw  in  action,  overpowers  at  ordinary  distances 
all  resistance,  and  traverses  the  tissues  of  the  body  in  a  direct  line.  Its  revolving 
motion  joins  with  its  progressive  motion  in  effecting  penetration  of  the  body,  and 
preventing  deflection. 

It  will  often  appear,  at  first  examination,  that  the  track  of  a  cylindro-conoidal 
bullet,  even  at  full  speed,  is  widely  removed  from  a  straight  line,  especially  when 
this  class  of  injuries  is  new  to  the  surgeon.  But  it  usually  is  not  difficult  to  explain 
the  apparent  irregularity  of  its  course,  if  the  many  varied  positions  in  which  the 
body  and  its  parts  are  liable  to  be  placed  are  called  to  mind,  and  if,  when  making 
the  examination,  the  surgeon  takes  cai'e  to  place  the  patient  in  a  similar  posture  to 
that  he  was  in  when  struck,  or  otherwise  acquaints  himself  with  what  that 
position  was.  A  little  reflection  will  show  how  completely  the  direction  a  bullet 
has  followed  may  be  disguised  by  changes  of  attitude  of  the  person  wounded. 

Degree  of  velocity.— Of  all  the  qualities  of  projectiles  by  which  the  primary 
features  and  gravity  of  injuries  caused  by  them  are  modified,  whether  their  own 
inherent  physical  qualities  or  those  impressed  upon  them  by  the  firearm  from  which 
they  have  been  projected,  their  velocity  of  motion  at  the  instant  of  impact  is  pro- 
bably the  most  important. 

The  effects  of  different  rates  of  velocity  on  wounds  are  seen  in  the  variations 
which  occur  in  proportion  to  the  distance  which  the  missile  has  travelled  before 
inflicting  the  injury.  A  gunshot  or  heavy  fragment  of  shell  which,  when  only  a 
slight  velocity  of  motion  remains  in  it,  will  have  its  effects  limited  to  local  contusion, 
at  a  high  rate  of  speed  will  caiTy  away  a  limb  almost  without  disturbing  the  general 
equilibrium  of  the  body.  A  musket-ball  that  would  be  arrested  half  way  through 
a  limb,  is  now  replaced  by  a  rifle-bullet  which,  at  like  distance  from  the  point  of 
discharge,  will  pass  completely  through  several  men  in  succession. 

The  increased  velocity,  or,  in  other  words,  greater  force,  of  a  modern  projectile 
leads  to  a  more  thorough  destruction  of  the  tissues  it  has  met  in  its  track.  The 
component  parts  of  that  portion  of  the  organised  fabric  through  which  a  bullet  of 
ordinary  size,  tr  avelling  at  the  rate  of  several  miles  per  minute,  forces  its  way,  are 
inevitably  deprived  of  their  vitality.  Instances  are  quoted  occasionally  of  gunshot 
wounds  healing  by  simple  adhesion ;  but  such  examples  can  hardly  be  met  with 
when  full-sized  bullets  retaining  their  original  form  have  made  a  passage  through 
part  of  the  body.  Bullets  which  have  happened  to  be  brought  into  collision  with 
stones  or  other  hard  substances  on  the  ground  before  striking  a  soldier,  and  which, 
in  consequence,  have  not  only  been  deprived  of  part  of  their  force,  but  have  also  been 
flattened  into  a  mass  with  thin  sharp  edges,  occasionally  cause  superficial  wounds, 
which  may  readily  be  caused  to  heal  by  first  intention  ;  but  these  are  essentially 
different  from  the  wounds  produced  by  rifles  projectiles  under  ordinary  circum- 
stances. 

The  splitting  and  destructive  effects  of  conoidal  bullets  on  the  shafts  of  the  long 
bones  of  the  extremities  have  already  been  alluded  to  when  the  peculiarities  of  their 
form  were  mentioned.  But,  together  with  the  quality  of  shape,  the  amount  of 
momentum  is  a  necessary  ingredient  in  estimating  this  result.  The  old  round  balls 
in  a  large  number  of  instances — partly  from  their  form,  but  also  from  rapid  loss  of  a 
part  of  the  velocity  which  had  been  impressed  on  them  at  starting — on  striking 
bones,  would  either  be  simply  turned  away  from  the  direct  line ;  or,  failing  this, 
would  knock  out  a  portion  of  the  shaft  without  further  fracture  ;  or,  having  perfor- 
ated on  one  side,  would  remain  in  the  cancellated  structure ;  or  else  be  simply 
flattened  without  penetrating.  It  was  only  at  comparatively  short  ranges,  while 
still  armed  with  a  high  degree  of  velocity,  that  musket-bullets  smashed  bonss  and 
violently  scattered  the  fragments  among  the  surrounding  tissues.    Increased  velocity 
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adds  immensely  to  tbe  power  of  destruction  of  projectiles.  The  rule  is  that,  if 
the  velocity  of  a  bullet  be  increased,  its  destructive  power  will  be  augmented 
proportionally  with  the  square  of  the  increase  of  velocity.  If  two  bullets,  alike  in 
weight  and  other  physical  qualities,  be  travelling  in  the  same  direction,  but  one  is 
armed  with  twice  the  velocity  of  the  other,  the  destructive  force  of  the  speedier  will 
be  fourfold,  not  merely  double,  that  of  the  other  ;  if  it  were  travelling  at  ten  times 
the  rate  of  speed  of  the  other,  its  force  would  be  increased  100  times.  The 
enormous  amount  of  destructive  energy  which  modern  rifle-bullets  possess,  and  the 
immense  distances  up  to  which  their  power  of  inflicting  injury  is  retained,  may 
readily  be  comprehended  on  remembering  the  extremely  high  rates  of  initial  velocity 
impressed  upon  them  by  the  improved  lines,  and  the  very  gradual  retardation  to 
which  theyaie  subjected  during  their  flight,  owing  to  the  suitability  of  their  form  and 
mode  of  rotation  for  overcoming  the  resistance  of  the  air  in  their  passage. 

Spent  balls. — In  connection  with  degree  of  velocity  the  subject  naturally  occurs 
of  what  are  called  '  spent  shot '  or  '  spent  bullets.'  When  spherical  gunshot  (cannon- 
balls)  were  in  use,  it  not  unfrequently  happened,  after  one  of  these  projectiles  had  ceased 
to  pursue  its  course  through  the  air,  or  to  proceed  by  ricochet,  that  it  would  travel 
a  considerable  distance,  rolling  along  the  surface  of  the  ground.  When  its  rate  of 
movement  was  not  much  faster  than  that  at  which  a  man  could  walk,  and  when  to 
all  appearance  it  might  be  stopped  by  the  pressure  of  the  foot  as  readily  as  a  cricket 
ball,  it  had  the  power  of  inflicting  very  sei'ious  injury  on  such  an  attempt  being  put 
into  execution.  This  is  easily  understood,  if  the  amount  of  progressive  force  is  re- 
membered which  must  still  be  inherent  in  such  a  heavy  shot  for  it  to  overcome  the 
inertia  of  its  own  mass,  and  the  resistance  to  which  it  is  exposed  in  passing  over  the 
ground  on  which  it  is  rolling.  This  force  or  velocity,  squared  and  multiplied  by 
the  weight  of  the  shot,  represents  its  destructive  power.  If  it  came  into  collision 
with  the  foot  of  a  person,  such  destruction  generally  ensued  as  to  necessitate  amputa- 
tion. If  it  impinged  on  other  parts  of  the  body,  as  in  the  instance  of  a  man  lying 
on  the  ground,  it  would  probably  cause  fatal  rupture  of  internal  organs,  and  that, 
perhaps,  without  exhibiting  external  evidence  of  the  amount  of  injury  it  had  inflicted. 
Injmies  of  this  kind  have  become  far  more  rare  since  the  introduction  of  the  modern 
elongated  gunshot  with  projecting  studs.  Their  form  prevents  them  from  rolling  in 
the  same  way  over  the  ground  after  their  velocity  has  been  greatly  reduced.  Still 
toward  the  close  of  their  course  these  heavy  projectiles  still  give  rise  to  examples  of 
very  grave  injuries,  like  those  which  resulted  from  spent  shot  of  the  old  forms. 

Lodgment  of  bullets. — A  low  rate  of  velocity  is  one  of  the  chief  causes  of  bullets 
remaining  lodged  in  various  parts  of  the  body.  When  the  smooth-bore  musket  was  in 
common  use,  lodgment  of  balls  was  of  frequent  occurrence.  In  the  first  place,  from 
absence  of  sufficient  velocity  to  force  its  passage  out  of  the  body,  and,  secondly,  from 
its  liability  to  be  diverted  from  a  direct  line,  a  spherical  shot  might  be  arrested  in  its 
progress  at  any  distance  from  its  point  of  entrance.  Conoidal  bullets  lodge  when 
their  velocity  has  become  nearly  expended  before  entering  the  body ;  or  when,  from 
peculiarity  in  the  posture  of  the  person  wounded,  having  had  force  enough  to 
traverse  a  limb,  they  afterwards  enter  another  part  of  the  body7,  and  fail  to  effect 
their  escape.  Under  such  circumstances,  a  bullet  may  reach  a  part  so  deep,  or  so 
far  removed  from  the  aperture  of  entrance,  as  to  elude  all  attempts  on  the  part  of 
the  surgeon  to  discover  its  retreat.  Or  it  may  have  reached  some  position  from 
which  the  surgeon  decides  not  to  attempt  to  extract  it,  judging  the  additional  injury 
that  would  thus  be  inflicted  more  mischievous  than  the  probable  effects  of  allowing 
the  missile  to  remain  lodged. 

Unextracted  bullets  lead  to  consequences  varying  according  to  the  site  of  lodg- 
ment and  state  of  constitution  of  the  patient.  In  the  early  stages  of  wounds,  they 
often  cause  irritation  of  the  structures  among  which  they  are  lying,  and  so  retard 
the  healing  process.  Sometimes  they  give  rise  to  painful  symptoms  at  parts  remote 
from  their  site  of  lodgment.  Eventually,  a  bullet  may  become  fixed  in  the  body 
of  a  muscle,  or  in  its  cellular  connections,  a  dense  sac  may  be  formed  around  it,  %nd 
in  this  envelope  the  projectile  may  remain  without  causing  any,  or  but  very  slight, 
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inconvenience.  But,  although  encysted,  a  lodged  bullet  may  press  upon  nerves  and 
give  rise  to  much  pain  and  uneasiness ;  or  it  may  change  the  position  of  its  first  lodg- 
ment, under  the  effect  of  gravitation,  or  the  impulse  of  muscular  actions,  and  may 
then  become  so  placed  as  to  embarrass  the  person  in  certain  movements  of  the  body. 
Sometimes  the  lodged  projectile  will  not  become  provided  with  a  protecting  envelope 
of  the  kind  above  named,  but  will  excite  continued  irritation  and  give  rise  to  chronic 
abscess  ;  or  the  abscess  may  become  healed,  and  be  apt  to  reopen  from  time  to  time 
under  the  influence  of  particular  movements  of  the  body,  as  in  riding  on  horseback 
or  under  other  exciting  causes.  These  cases  usually  end,  though  it  may  be  years  after 
the  date  of  the  original  injury,  by  the  bullet  appearing  so  near  the  surface  that  there 
then  ceases  to  be  any  difficulty  in  its  removal. 

Symptoms  of  Gunshot  Injuries. 

Having  mentioned  some  of  the  leading  qualities  of  the  projectiles  by  which  gun- 
shot injuries  are  produced,  it  will  now  be  useful  to  notice  some  of  the  characteristic 
features  and  symptoms  of  the  injuries  themselves. 

The  chief  diagnostic  signs  of  these  injuries  in  their  early  condition  are  those 
external  appearances  which  result  from  the  physical  effects  produced  locally  by  the 
stroke  of  the  projectile.  Other  symptoms  result  from  injury  done  by  the  missile  in 
its  course  through  the  deeper  tissues  ;  such  as  pain,  numbness,  paralysis,  from  lesion 
of  nerves :  haemorrhage,  from  lesion  of  blood-vessels ;  together  with  particular 
symptoms  characteristic  of  special  organs  which  may  have  chanced  to  be  wounded 
by  the  projectile  during  its  passage.  One  general  symptom,  designated  '  shock,'  and 
indicative  of  constitutional  disturbance,  is  a  usual  accompaniment  of  all  gunshot 
wounds,  but  the  extent  to  which  it  is  exhibited  varies  greatly  in  different  cases. 

External  signs. — The  appearances  presented  by  superficial  gunshot  contusions 
do  not  differ  from  those  of  contusions  due  to  ordinary  causes.  These  injuries  are 
generally  produced  by  projectiles  after  their  velocity  has  been  in  great  measure 
expended,  and  the  marks  of  the  contusion  in  each  instance  will  vary  in  degree  and 
extent  according  to  the  size,  weight,  and  force  of  the  missile  which  has  inflicted  it, 
as  well  as  to  the  nature  and  condition  of  the  part  of  the  body  which  has  been  struck, 
just  as  would  happen  had  they  been  due  to  the  action  of  any  other  obtuse  instru- 
ments of  similar  size  and  force. 

The  external  distinguishing  signs  of  penetrating  gunshot  wounds  are  generally 
manifest  enough.  But,  although  possessing  certain  universal  characteristics,  they 
vary  so  much,  according  to  differences  already  described  in  the  missiles  causing  the 
injuries,  their  velocity,  the  part  of  the  body  struck,  and  the  position  of  the  patient 
relative  to  the  projectile  at  the  time  of  injury,  that  it  is  necessary  shortly  to  describe 
some  of  these  variations. 

When  a  gunshot,  at  full  speed  strikes  a  part  of  the  body  in  a  direct  line,  it 
carries  away  all  before  it.  If  the  head,  chest,  or  abdomen  are  exposed  to  the  shot, 
an  opening  corresponding  with  the  size  of  the  shot  is  effected,  the  contiguous  viscera 
are  scattered,  and,  of  course,  life  is  at  once  extinguished.  If  a  portion  of  one  of  the 
extremities  be  thus  carried  away,  the  end  remaining  attached  to  the  body  presents  a 
stump  with  a  nearly  level  surface  of  darkly  contused,  almost  pulpified,  tissues.  The 
skin  and  muscles  do  not  retract,  as  they  would  had  they  been  divided  by  incision. 
Minute  particles  of  bone  will  be  found  among  the  soft  tissues  on  one  side,  but  the 
portion  of  the  shaft  of  the  bone  remaining  in  situ  will  probably  not  be  much  fissured 
or  broken. 

In  a  ricochet  shot,  or  in  any  case  where  the  force  of  the  missile  has  been  partly 
expended,  the  extremity,  or  portion  of  the  ti'tink,  may  be  equally  carried  away,  but 
the  laceration  of  the  remaining  parts  of  the  body  will  be  greater.  The  surface  of  the 
wound  will  be  less  even.  Muscles  will  be  separated  from  each  other,  and  hang  loosely, 
offering  at  their  divided  ends  little  appearance  of  vitality  ;  spiculae  of  bone  of  larger 
size  will  probably  be  found  among  them;  and  the  shaft  may  be  found  shattered  and 
split  far  above  the  line  of  its  transverse  division.    The  injury  to  nerves  and  vessels 
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may  Vie  proportionately  higher  and  greater.  Occasionally  it  happens,  even  where  the 
limb  seems  to  have  been  struck  in  a  direct  line,  that  it  is  nevertheless  not  completely 
detached,  but  remains  connected  by  shreds  of  the  skin  and  parts  of  the  tissues 
jammed  together,  on  which  the  bone,  reduced  to  minute  fragments,  is  mixed  with 
the  contused  muscles  and  other  soft  parts  in  a  shapeless  mass. 

If  the  speed  be  still  further  diminished,  so  that  the  projectile  becomes  what  is 
called  a  '  spent  shot,'  there  will  not  be  removal  of  the  part  of  the  body  struck,  but 
the  external  appearances  will  be  those  of  contusion,  with  great  laceration  of  the  soft 
parts,  or  of  extensive  eccbymosis  and  tumefaction,  but  with  little  division  of  the 
surface. 

Should  the  shot  strike  in  a  slanting  direction,  the  external  appearances  of  the 
wound  will  be  similar  to  those  just  described,  according  to  its  velocity,  modified  in 
direction  and  extent  by  the  degree  of  oblicjuity  with  which  the  shot  has  been  carried 
into  contact  with  the  trunk  or  extremity  wounded.  Occasionally,  however,  in 
exceptional  cases,  a  slanting  shot  will  leave  no  external  appearance  of  injury,  not- 
withstanding it  ruay  have  caused  fatal  internal  disorganisation.  The  rationale  of 
such  phenomena  will  be  presently  described. 

The  larger  kinds  of  shells  when  they  fall  and  burst  close  to  a  man,  so  that  the 
fragments  strike  with  their  highest  momentum,  and  the  exploded  gases  exert  a  de- 
structive influence,  cause  wounds  which  are  most  horrible  to  witness,  and  fortu- 
nately, under  the  circumstances,  instantaneously  fatal.  Limbs  or  large  portions  of 
the  trunk  are  carried  away  and  neighbouring  structures  torn  asunder.  Dr.  Baudens 
has  recorded  the  case  of  General  P.  de  L.,  who  was  wounded  in  the  Crimea  by  a 
shell  which  exploded  between  his  legs.  The  ill-fated  officer  was  literally  cut  in  two, 
the  head  remaining  on  one  side  with  an  arm  and  a  leg,  the  other  half  left  headless. 
Fragments  of  shells  which  inflict  wounds  at  a  moderate  distance  off  generally  pro- 
duce great  laceration  of  the  parts  against  which  they  strike,  but  do  not  carry  away, 
nor  grind  up  the  structures,  as  entire  shot  do.  Ordinarily,  the  line  of  direction  in 
which  they  move  forms  a  more  or  less  acute  angle  with  the  part  of  the  body 
wounded,  and  the  injury  done  is  rather  superficial  than  deep.  When  a  piece  of 
shell  happens  to  penetrate  edgeways  and  sinks  beneath  the  surface,  the  external 
wound  often  appeal's  smaller  than  the  fragment  itself.  The  projectile  has  not  had 
force  enough  to  destroy  the  vitality  and  elasticity  of  the  skin  and  other  soft  parts 
through  which  it  has  entered,  so  that  these  structures  partially  contract  around  the 
wound,  and  so  lessen  the  size  of  the  opening. 

Small  projectiles,  on  penetrating  the  body,  leave  one  or  more  openings,  the  ex- 
ternal appearances  of  which  also  vary  according  to  the  form  and  velocity  of  the  pro- 
jectiles by  which  they  have  been  caused.  The  appearance  of  a  wound  from  a  rifle- 
bullet,  at  its  highest  rate  of  speed,  may  be  sometimes  witnessed  in  cases  of  suicide. 
A  soldier,  when  thus  destroying  himself,  mostly  stoops  over  the  muzzle  of  his  firelock, 
and,  pressing  against  it,  springs  the  trigger  by  means  of  his  foot  or  a  piece  of  cord 
connected  with  it.  The  muzzle  is  usually  applied  beneath  the  chin.  In  such  a  case 
a  circular  hole,  without  any  puckering  or  inversion  of  the  marginal  skin,  but  with 
the  edges  blackened  and  burned,  and  with  dark  discoloration  of  the  integument  for 
several  inches  round,  is  observed  at  the  wound  of  entrance.  The  vertex  of  the  head 
is  shattered ;  fragments  of  the  parietal  and  occipital  bones,  together  with  small  por- 
tions of  brain,  are  carried  away  and  scattered  about;  those  bones  which  are  not 
broken  are  loosened  from  their  sutures;  the  great  mass  of  the  brain  is  torn  to 
pieces,  but  held  within  by  its  membranes;  it  is  blackened  and  gives  off  a  marked 
odour  of  exploded  gunpowder;  the  superficial  vessels  of  the  face  are  distended  with  blood. 
These  effects  are  not  caused  by  the  passage  of  the  bullet  only ;  but  are  partly  due  to 
fhe  flame  and  smoke  from  the  ignited  gunpowder  jetting  out  at  the  mouth  of  the 
rifle,  and  in  part  also  to  the  expansive  force  exerted  within  the  cavity  of  the  cranium, 
by  the  evolution  of  gases  resulting  from  the  explosion  of  the  gunpowder. 

When  a  rifle-bullet  penetrates  at  a  considerable  distance  from  the  weapon  by 
which  it  was  propelled,  but  while  still  preserving  a  high  degree  of  velocity,  the 
appearance  of  the  wound  of  entrance  is  different  from  that  last  described.    An  open- 
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ing  of  about  the  size  of  the  projectile  is  now  observed,  sometimes  irregularly  circular, 
with  its  edges  generally  a  little  torn ;  sometimes  consisting  of  three  or  four  trian- 
gular flaps,  which,  on  being  lifted  up,  approach  at  their  apices  toward  the  centre  of 
the  opening.  In  either  case,  the  whole  wound  presents  a  slightly  inverted  aspect. 
There  may  be  darkening  of  the  marginal  skin,  of  a  livid  purple  tinge,  from  the 
effects  of  destructive  contusion,  and  it  may  be  blackened  by  dislodgment  of  powder 
which  was  adhering  to  the  bullet,  or  it  may  be  simply  deadlike  and  pale.  The  skin 
surrounding  the  margin  of  the  opening  will  generally  exhibit  a  violet  tinge,  and  this 
will  pass  into  a  pink  hue  indicative  of  capillary  injection,  which  will  lessen  in  bright- 
ness until  the  normal  colour  is  resumed.  Should  the  missile  have  passed  out,  the  wound 
of  exit  will  be  probably  larger  than  the  projectile,  more  irregular  and  torn  than  the 
wound  of  entrance,  with  slight  eversion  of  its  edges,  and  often  with  protrusion  of 
subcutaneous  fat,  or  portions  of  some  of  the  deeper  structures.  These  appearances 
are  the  more  easily  recognised  the  earlier  the  wound  is  examined.  They  are  niore 
obvious  when  a  bullet  of  relatively  large  diameter,  like  the  Minie  or  Enfield  rifle-bullet, 
has  caused  the  injury  than  when  it  has  been  inflicted  by  a  narrow  elongated  projec- 
tile like  that  of  the  Martini-Henry  rifle.  Indeed,  with  the  latter,  when  it  has 
passed,  apex  forwards,  through  the  soft  tissues  of  part  of  the  body  at  high  speed, 
when  it  has  neither  struck  a  bone  nor  carried  any  foreign  body  before  it,  it  is  some- 
times very  difficult  to  distinguish  by  its  appearance  the  wound  of  entrance  from  that 
of  exit.  In  medico-legal  investigations  concerning  gunshot  wounds,  it  is  often  a 
matter  of  great  importance  to  decide  this  point ;  but  to  the  military  surgeon,  more 
especially  from  the  circumstances  connected  with  the  new  projectiles,  it  has  become 
a  subject  of  much  less  practical  interest  than  it  formerly  was.  "When  the  indirect 
and  tortuous  penetration  of  bullets  was  the  rule  rather  than  the  exception,  a  know- 
ledge of  the  spot  at  which  the  missile  entered  was  often  useful  in  diagnosing  the  mis- 
chief it  had  probably  committed  in  its  passage,  and  in  determining  the  part  of  the 
wound  where  foreign  bodies  might  be  supposed  to  be  carried  and  to  be  lodging, 
When  the  track  of  the  bullet  is  nearly  in  a  straight  line,  as  now  so  frequently 
happens,  such  information  cannot  be  looked  for  from  knowing  the  relation  of  either 
opening  to  the  course  of  the  projectile. 

The  appearances  of  wounds  resulting  from  penetrating  missiles  of  irregular  out- 
lines, as  small  pieces  of  shells,  bullets  flattened  or  broken  against  stone,  and 
other  such  objects,  differ  from  those  caused  by  shot  of  regular  form  in  being  ac- 
companied with  more  laceration,  according  to  their  shape  and  dimensions.  Being 
usually  projected  with  considerably  less  force  than  direct  missiles,  and  their  shapes 
causing  their  progress  to  be  more  easily  arrested,  such  projectiles  ordinarily  lead 
only  to  one  aperture,  that  of  entrance  at  the  part  struck,  but  may,  when  any  circum- 
stances have  led  to  their  separation  into  fragments,  either  before  or  after  entering 
the  body,  become  the  cause  of  several  wounds,  either  openings  of  entrance  or  exit. 

Internal  wounds  loithout  external  marks. — Among  the  many  varieties  of  injuries 
from  gunshot,  there  have  not  unfrequently  been  noticed  instances  in  which  irrepar- 
able internal  mischief  has  been  inflicted,  without  any  external  marks  of  violence  to 
indicate  its  having  resulted  from  the  stroke  of  a  projectile.  These  peculiar  cases 
were  casually  alluded  to  when  the  external  appearances  of  wounds  caused  by  heavy 
projectiles  striking  a  part  of  the  body  in  a  slanting  direction  were  described.  An 
important  viscus  of  the  abdomen  has  been  ruptured,  yet  no  bruising  of  the  parietes 
observable  ;  symptoms  of  cerebral  and  spinal  concussion  have  shown  themselves,  yet 
no  injury  of  the  scalp  or  surface  to  be  detected.  Even  bones  have  been  comminuted 
without  any  wound  of  the  integuments  or  appearance  of  injury.  The  records  of  the 
Crimean  campaign  afford  many  examples  of  such  wounds.  In  one  case  an  English 
soldier  had  the  shaft  of  a  humerus  crushed  to  pieces  by  a  cannon-shot,  yet  the  skin  was 
as  sound  and  as  white  as  if  it  had  not  been  touched.  Two  cases  occur  in  the  French 
records  of  fracture  of  the  bones  of  the  forearm  without  any  external  apparent  lesion ; 
in  one,  the  internal  structures  were  reducsd  to  a  mass  of  pulp.  The  difficulty  of  re- 
conciling the  several  facts  noticed  in  such  instances,  together  with. the  vague  descrip- 
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tions  by  patients  of  their  sensations,  led  surgeons  to  seek  an  explanation  for  them  in 
the  supposition  that  masses  of  metal  projected  with  great  velocity  through  the  air 
might  inflict  such  injuries  indirectly  by  aerial  percussion.  Either  the  air  might  be 
forcibly  driven  against  the  part  injured  by  the  power  and  pressure  of  the  missile  in 
its  flight,  or  a  momentary  vacuum  might  be  created,  and  the  forcible  rush  of  air  to 
refill  this  blank  might  become  the  origin  of  the  hurt.  All  such  hypotheses  are  now 
abandoned.  So  many  observations  have  been  made  of  large  shot  passing  close  to 
various  parts  of  the  body,  without  any  such  consequences  as  those  attributed  to 
windage  resulting,  as  to  lead  to  the  conclusion  that  the  theory  must  in  all  instances 
have  been  fallacious.  Portions  of  uniform  and  accoutrements  have  been  torn  away 
by  massive  shot  without  injury  to  the  soldier  himself.  Even  hair  from  the  head  has 
been  shaved  off,  and  instances  are  on  record  where  the  external  ear  and  end  of  the  nose 
have  been  carried  away  by  the  same  means,  and  yet  no  further  mischief  has  occurred. 

The  true  explanation  of  the  appearances  presented  in  those  cases  which  were 
formerly  called  '  wind-contusions '  appears  to  rest  in  the  peculiar  direction  or  degree 
of  obliquity  with  which  the  missile  has  happened  to  impinge  against  the  yielding  and 
elastic  skin,  together  with  the  position  of  the  internal  organs  injured  between  this 
missile  and  other  hard  substances  in  their  neighbourhood.  The  surface  itself  is  not 
directly  torn  or  cut  into,  because  the  impact  of  the  projectile  has  not  been  sufficiently 
direct  to  effect  an  opening ;  but  the  parts  beneath  are  crushed  by  the  pressure  to 
which  they  have  been  subjected  between  the  combined  influence  of  the  weight  and 
momentum  of  the  shot  on  one  side  and  of  some  hard  resisting  substance  on  the  other. 
Thus,  on  a  shot  passing  across  the  abdomen,  the  elasticity  and  ready  mobility  of  the 
skin  may  enable  that  structure  to  yield  to  the  strain  to  which  it  is  exposed,  while 
viscera  are  ruptured  by  the  projectile  foiling  them  against  the  vertebral  column. 
So  the  weight  of  a  massive  projectile  passing  obliquely  over  a  forearm  may  possibly 
crush  the  bones  between  itself  and  the  surface  of  a  stone  parapet  on  which  the  arm 
may  be  accidentally  resting,  without  inflicting  any  visible  lesion  of  the  interposed 
skin.  The  remarkable  absence  of  superficial  ecchymosi:;  in  certain  instances  may  be 
due  to  the  skin  being  blanched  by  rapid  effusion  of  blood  from  some  of  the  wounded 
structures  beneath. 

Paim. —  The  amount  of  pain  which  attends  a  gunshot  wound,  more  particularly 
one  from  a  bullet,  varies  very  much  in  degree  according  to  the  kind  and  situation  of 
the  wound,  the  condition  of  mind,  and  the  state  of  constitution  of  the  soldier  at  the 
time  of  its  infliction.  The  almost  instantaneous  suddenness  of  the  injury,1  and  the 
previous  occupation  of  the  soldier's  thoughts,  usually  prevent  him  from  noting  his 
own  sensations  with  any  approach  to  accuracy.  It  will  sometimes  happen  that 
patients  who  have  suffered  simple  flesh-Wounds  will  tell  the  surgeon  they  were  not 
aware  when  they  were  struck ;  and  the  truth  of  such  statements  is  attested  by  the 
fact  that  instances  not  unfrequently  occur  of  soldiers  continuing  in  action  for  some 
time  without  knowing  they  have  been  wounded.  Sometimes,  however,  the  pain  from 
the  shot  is  described  as  a  sudden  smart  stroke  of  a  cane ;  in  other  instances  as  the 
shock  of  a  heavy  intense  blow  ;  and  when  the  bullet  has  completely  traversed  the 
wounded  part,  the  stroke  seems  to  be  referred  more  frequently  to  the  opening  of 
exit  than  to  the  one  of  entrance.  Occasionally,  when  the  trunks  of  nerves  are 
directly  injured  without  division,  as  when  they  are  violently  pushed  aside  by  a 
bullet,  the  pain  will  be  referred  to  a  distant  part  not  involved  in  the  track  of  the 
wound.  Lieutenant  M.,  of  the  1 9th  Regiment,  was  wounded  at  the  assault  of 
the  Redan,  on  September  8,  1855.  His  sensations  led  him  to  imagine  that  the  upper 
part  of  bis  left  arm  was  smashed,  and  he  ran  across  the  open  space  in  front  of  the 
works  supporting  the  arm,  which  he  supposed  to  be  broken.  On  arriving  at  the 
advanced  trench,  he  asked  for  water  ;  on  trying  to  drink,  he  found  that  his  mouth 

1  The  Martini-Henry  bullet  travels  the  first  400  yards  of  its  course  through  the  air  in  one 
second  ;  supposing  it  to  pass  through  the  fleshy  part  of  a  man's  arm  six  inches  in  depth  at 
a  corresponding  rate,  its  passage  would  occupy  only  j^th  of  a  second  of  time. 
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contained  blood,  and  that  he  was  unable  to  swallow.  The  arm  on  examination  wa3 
found  to  be  uninjured,  but  a  bullet  had  passed  from  right  to  left  through  his  neck, 
and  from  its  direction  had  no  doubt  struck  some  portion  of  the  lower  cervical  or 
brachial  plexus  of  nerves.  When  a,  missile  does  not  penetrate  the  flesh,  but  simply 
inflicts  a  contusion,  the  pain  is  often  described  by  patients  to  be  more  severe  than  it 
is  by  others  in  whom  a  bullet  has  effected  an  entrance. 

Shock. — "When  a  large  bone  is  suddenly  shattered,  a  cavity  penetrated,  an  im- 
portant viscus  wounded,  or  a  limb  carried  away  by  shot,  a  prominent  symptom  is  the 
general  perturbation  and  stupor  which  in  most  cases  instantaneously  supervene  on 
the  injury.  This  is  generally  described  as  the  'shock'  of  a  gunshot  wound.  The 
patient  trembles  and  totters,  is  pale,  complains  of  being  cold  and  faint,  perhaps 
vomits.  His  features  are  expressive  of  vacancy,  or  of  anxiety  and  distress.  This 
emotion  is  in  great  measure  instinctive ;  it  is  witnessed  in  the  horse  hit  mortally  in 
action,  no  less  than  in  his  rider  ;  and  seems  to  be  sympathy  of  the  whole  frame  with 
a  part  subjected  to  sudden  serious  injury,  expressed  through  the  nervous  system. 
This  shock  is  more  or  less  persistent  according  to  the  nature  and  extent  of  the  injury, 
or  constitutional  peculiarities.  Examples  seem  to  show  that  it  may  occasionally  be 
overpowered  altogether,  even  in  most  severe  injuries,  by  moral  and  nervous  action 
of  another  kind,  by  a  state  of  mental  tension  ;  though  this  can  hardly  happen  if  the 
injury  be  a  mortal  one.  Panic  may  lead  to  symptoms  like  those  of  shock,  although 
the  wound  is  of  a  less  serious  nature.  A  soldier,  having  his  thoughts  carried  away 
from  himself — his  whole  frame  stimulated  to  the  utmost  height  of  excitement  by  the 
continued  scenes  and  circumstances  of  the  fight — when  he  finds  himself  wounded,  is 
suddenly  recalled  to  a  sense  of  personal  danger;  and  if  he  be  seized  with  a  suspicion 
that  his  wound  is  a  mortal  one,  depression  as  low  as  his  excitement  was  high  may 
immediately  follow.  This  depression  will  vary  in  degree  according  to  individual 
character  and  intelligence,  state  of  health,  the  heart's  power,  and  other  personal 
peculiarities.  For  while,  on  the  one  hand,  examples  occur  in  almost  every  action  of 
men  walking  to  the  field-hospital  for  assistance  unsupported,  and  with  comparatively 
little  signs  of  distress,  even  after  the  loss  of  an  arm  or  some  other  equally  severe 
injury ;  on  the  other,  some  men  whose  wounds  are  slight  in  proportion  are  found  to 
be  quite  overcome,  and  require  to  be  carried. 

As  a  general  rule,  the  graver  the  injury,  the  greater  and  more  persistent  is  the 
amount  of  '  shock.'  Some  writers  in  accounting  for  '  shock  '  lay  stress  on  the  violent 
concussion,  and  general  mechanical  effects  on  the  whole  body,  including  the  nerve 
centres,  from  the  momentum  of  the  shot.  That  true  '  shock '  however,  as  dis- 
tinguished from  shock  resulting  from  violent  concussion,  from  mental  depression 
after  unusual  excitement,  or  from  the  effects  of  groundless  alarm  on  the  part  of  a 
patient,  is  a  phenomenon  the  essential  relations  of  which  are  connected  with  vital 
force,  and  with  that  endowment  of  the  organisation  specially,  may  be  judged  from 
observation  of  cases  in  which  the  direct  result  of  the  wound  is  inevitably  fatal, 
including  many  where  no  physical  effects  on  neighbouring  parts  from  concussion 
could  possibly  be  produced.  In  such  injuries  'shock'  remains  a  marked  symptom 
from  the  time  of  the  first  production  of  the  fatal  impression  till  life  is  extinguished. 
The  practical  experience  of  every  army  surgeon  teaches  him  that  where  a  bullet  has 
entered  the  body,  though  its  course  be  not  otherwise  indicated,  the  continuance  of 
severe  shock  is  a  sufficient  evidence  that  some  organ  essential  to  life  has  been 
implicated  in  the  injury.  That  the  shock  of  a  gunshot  wound  may  be  complicated 
with  other  symptoms,  or  that  some  of  its  own  symptoms  may  be  exaggerated  from 
other  causes — hopes  disappointed,  the  approach  of  death,  and  all  the  attendant 
mental  emotions — scarcely  affects  the  question  at  issue ;  for  its  occasional  existence, 
independent  of  these  complications,  is  undoubted. 

An  extract  from  the  register  of  the  General  Hospital  in  the  camp  before  Sebastopol , 
published  in  the  '  Surgical  History  of  the  Crimean  War,'  shows  the  causes  of  death  in 
100  consecutive  cases  of  fatal  gunshot  injuries.  Shock  is  entered  as  the  direct 
cause  in  20  of  these  cases ;  the  fatal  termination  occurring  at  periods  varying  from 
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half  an  hour  to  two  days,  in  all  but  two  cases  in  the  course  of  the  day  on  which  the 
injury  was  inflicted.  The  injuries  were  produced  by  massive  projectiles  in  the 
majority  of  instances,  either  gunshot,  shell,  or  grape  ;  in  eight  they  were  caused  by 
bullets,  and  in  all  of  these  the  projectiles  had  penetrated  the  cavity  of  the  abdomen. 
In  two  instances,  the  fatal  shock  followed  fractures  and  extensive  burns  from  the 
explosion  of  gunpowder. 

Primary  /trrmorrluiye. — This  is  one  of  the  accompaniments  of  gunshot  wounds, 
which,  as  might  be  expected,  varies  very  greatly  in  degree  according  to  the  size  and 
situation  of  the  blood-vessels  wounded,  and  the  manner  in  which  the  wound  is  in- 
flicted. In  some  gunshot  wounds  there  is  hardly  any  haemorrhage,  a  mere  oozing ; 
in  others,  it  occurs  to  such  an  extent  as,  of  itself,  to  cause  speedy  death.  Much 
difference  of  opinion  has  been  expressed  concerning  the  number  of  deaths  which 
result  after  gunshot  injuries  from  primary  haemorrhage  on  a  field  of  action  ;  and  the 
question  of  the  proportion  of  fatal  consequences  from  this  cause,  to  deaths  from  other 
causes,  in  warfare,  is  still  an  open  one.  There  is  no  doubt  about  the  fact  that 
primary  hemorrhage  of  a  serious  nature  from  gunshot  wounds  does  not  often  come 
within  the  surgeon's  observation.  If  haemorrhage  occur  from  one  of  the  main 
arteries,  and  is  not  at  once  attended  to,  it  probably  proves  rapidly  fatal  ;  and  most 
surgeons  after  an  action  are  too  much  occupied  with  the  urgent  necessities  of  the 
living  wounded  to  spare  time  for  examining  the  wounds  of  the  dead,  who  are  usually 
buried  as  soon  as  practicable  on  the  field  where  they  have  fallen.  Tims  many 
surgeons  speak  of  primary  haemorrhage  being  exceedingly  rare,  because  they  have 
not  met  with  it  in  their  own  experience  ;  a  statement  which  more  extended  observa- 
tion might,  perhaps,  have  considerably  modified.  M.  Baudens,  on  the  other  hand, 
referring  to  his  service  in  Algeria,  has  remarked  that  he  has  often  found,  by  exami- 
nation of  the  dead  lying  on  the  field  of  battle,  that  death  had  resulted  from  primary 
haemorrhage. 

Ordinarily,  as  far  as  the  wounds  from  massive  projectiles  to  which  the  surgeon's 
attention  is  called  are  concerned,  and  in  which  some  of  the  larger  arteries  have  been 
divided,  the  primary  haemorrhage  is  found  to  have  been  comparatively  small  in 
quantity  and  of  short  duration — a  sudden  flow  at  the  moment  of  injury,  and  little 
more.  When  a  part  of  the  body  is  carried  away  by  gunshot  or  shell,  the  divided 
arteries  are  usually  observed  to  be  nearly  in  the  same  state  as  they  are  when  a  limb 
is  torn  off  by  machinery.  The  lacerated  ends  of  the  middle  and  inner  coats  are 
retracted  within  the  outer  cellular  coat ;  the  calibre  of  the  vessel  is  diminished,  and 
tapers  to  a  point  near  the  line  of  division  ;  it  has  become  plugged  within  by  coagu- 
lum  ;  and  the  cellulo-fibrous  investing  sheath,  and  the  clot  which  combines  with  it, 
form  on  the  outside  an  additional  support  and  restraint  against  haemorrhage. 
When  large  arteries  are  torn  across,  and  their  haemorrhage  is  thus  spontaneously  pre- 
vented, they  are  seldom  withdrawn  so  far  but  that  their  ends  may  be  seen  protrud- 
ing and  pulsating  among  the  mass  of  injured  structures ;  yet,  though  the  impulse 
may  appear  very  powerful,  further  loss  of  blood  is  rarely  met  with  from  such 
wounds. 

The  smaller  forms  of  projectiles,  again,  do  not  appear  to  lead  to  primary  haemor- 
rhage so  frequently  as  might  be  expected,  if  we  except  small  fragments  of  shells, 
splinters  of  wood,  and  other  indirect  missiles  with  sharp  edges.  These  angular 
fragments  will  cause  vessels  to  be  divided,  which  would  have  escaped  from  being 
opened  had  they  been  brought  into  collision  with  missiles  having  smooth  surfaces 
and  convex  outlines.  It  comparatively  rarely  happens,  indeed,  that  the  surgeon  sees 
any  of  the  larger  arteries  cut  across  by  bullets.  The  lax  cellular  connections  of  these 
vessels,  the  smallness  of  their  diameters  in  comparison  with  their  length,  the  elasti- 
city as  well  as  toughness  of  the  tissues  forming  their  coats,  the  fluidity  of  their 
contents,  and,  in  consequence  of  all  these  conditions,  the  extreme  readiness  with 
which  they  slip  aside  under  pressure,  constantly  act  as  means  of  preservation,  even 
when  these  important  structures  are  subject  to  the  imminent  danger  of  a  bullet 
passing  in  their  direction.     Numerous  examples  have  occurred  of  bullets  having 
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apparently  passed  through  parts  of  the  body  in  the  exact  situation  of  important 
arteries,  so  that  they  must  have  been  pushed  aside  by  them  or  they  could  not  have 
escaped  division.  Mr.  Guthrie  has  recorded  a  case  where  a  ball  even  opened  the 
sheath  of  the  femoral  vessels,  and  passed  between  the  artery  and  vein  without  des- 
troying the  substance  of  either  vessel.  The  artery  became  plugged  with  coag.ulum 
and  obliterated.  A  preparation  of  the  vessels  referred  to  in  this  case  is  in  the 
Museum  at  Netley.  Another  case  is  mentioned  by  Mr.  Guthrie,  where  the  direction 
taken  by  a  bullet  between  the  left  clavicle  and  first  rib,  and  permanent  diminution 
of  the  pulse  in  the  arm  on  the  same  side,  led  to  the  conclusion  that  the  subclavian 
artery  had  been  forced  aside  and  so  escaped  destruction  by  the  missile.  I  have  several 
times  met  with  examples  of  obliteration  of  vessels,  produced  in  a  similar  way,  among 
men  invalided  from  the  effects  of  wounds  .at  Netley. 

The  position  of  a  limb  or  artery  when  struck  may  prevent  such  a  happy  escape. 
On  examining  the  wound  of  Captain  V.,  of  the  97th  Regiment,  whose  death  led  to  so 
much  interest  at  the  time  in  England,  I  found  that  he  had  been  struck  by  a.  bullet 
which  had  penetrated  the  right  axilla  and  divided  the  axillary  artery.  His  arm  had 
apparently  been  stretched  upwards  when  he  received  the  injury,  probably  in  the  act  of 
holding  up  his  sword.  The  night  was  very  dark,  the  distance  from  the  place  where 
he  was  wounded  to  the  camp-hospital  was  more  than  a  mile  and  a  half,  and  he  sank 
from  haemorrhage  while  being  carried  up.  Mr.  Guthrie  mentions  the  cases  of  two 
officers  who  were  killed,  almost  instantaneously,  one  by  direct  division  of  the 
common  iliac  artery,  the  other  of  the  carotid.  The  death  of  an  officer  from  division 
of  the  femoral  artery,  'and  two  or  three  other  cases  of  a  like  kind,  are  recorded  in  the 
'  Surgical  History  of  the  Crimean  War,'  and  doubtless  many  such  cases  occur  in  every 
battle,  though  they  do  not  .come  under  surgical  observation. 

Prognosis. 

In  estimating  the  probable  issue  of  any  particular  gunshot  wound,  not  only  the 
nature  of  the  injury,  its  extent,  direction,  and  complications  must  be  taken  into 
account,  but  in  the  case  of  a  soldier  in  the  field  his  previous  service  and  the  diseases 
under  which  he  has  laboured  during  it,  the  .circumstances  in  which  he  is  placed  with 
respect  to  opportunities  of  providing  proper  care  and  treatment,  the  distances  to 
which  he  will  have  to  be  removed,  and  the  modes  of  transport,  must  also  be  con- 
sidered. The  difficulties  which  exist  in  the  way  of  arriving  at  a  sure  diagnosis  of  the 
true  nature  and  extent  of  the  injury  in  many  cases,  and  the  liability  to  unexpected 
accidents  and  secondary  complications  to  which  every  patient  with  a  deeply  pene- 
trating gunshot  wound  is  exposed,  should  put  all  surgeons  on  their  guard  against 
giving  a  hasty  judgment  in  any  case  that  is  not  very  plain  and  simple.  Military 
surgery  abounds  with  examples  of  wounds  of  such  extent  and  gravity  that  they 
appeared  to  warrant  the  most  unfavourable  prognosis,  which  have  nevertheless  ter- 
minated in  cure ;  while  others,  regarded  as  proportionably  trifling,  have  led  to  fatal 
results.  The  mortality  from  gunshot  wounds  is  not  merely  dependent  upon  the 
direct  effects  of  the  injuries  which  have  been  inflicted,  but  is  largely  due  to  the  sub- 
sequent occurrence  of  such  complications  as  secondary  haemorrhage,  gangrene,  ery- 
sipelas, hectic  fever,  septic  poisoning,  and  the  results  of  surgical  operations  consequent 
on  the  injuries  primarily  inflicted.  The  amount  of  mortality  from  these  secondary  causes 
in  military  practice  is  again  greatly  influenced,  in  the  first  place,  by  the  distances  to 
which  soldiers  have  to  be  removed  before  reaching  the  field  and  stationary  hospitals, 
as  well  as  by  the  modes  of  their  removal ;  and,  in  the  second  place,  by  the  oppor- 
tunities which  exist  for  carrying  out  hygienic  arrangements,  especially  for  disseminat- 
ing the  wounded  when  their  number  is  excessive.  Tables  are  printed  in  many 
works  which  show  statistically  the  nature  and  relative  numbers  of  the  injuries 
received  in  various  actions,  with  their  immediate  and  remote  consequences,  as  well 
as  the  results  of  the  surgical  operations  they  have  led  to ;  but  these  afford  little  aid 
towards  the  prognosis  of  particular  cases,  each  of  which  must  be  estimated  according 
to  its  own  individual  features  and  circumstances.    Even  moral  circumstances  must 
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not  be  disregarded  in  forming  a  prognosis  regarding  gunshot  injuries.  The  pro- 
bable issue  in  any  given  case  will  be  very  different  in  one  soldier,  who  is  supported 
by  the  stimulating  reflection  that  he  has  received  his  wound  in  a  combat  which  has 
been  attended  with  victory,  from  what  it  will  be  in  another,  who  labours  under  the 
depression  consecpient  upon  the  circumstances  of  defeat. 


Treatment  of  Gunshot  Injuries  in  General. 

In  warfare,  whenever  the  circumstances  of  a  battle  admit  of  the  arrangement, 
all  badly  wounded  men  should  receive  some  surgical  attention  preliminary  to  their 
being  transported  to  the  dressing-stations  or  field-hospitals  in  the  rear.  The  appli- 
cation of  a  ligature  or  tourniquet,  of  splints  or  substitutes  for  them,  of  the  '  first  field 
dressing,' 1  according  to  the  nature  and  condition  of  a  wound,  a  few  judicious  direc- 
tions to  the  bearers  who  are  to  carry  the  patient  off  the  field,  may  occasionally 
prevent  the  occurrence  of  fatal  hemorrhage,  or  avert  serious  aggravation  of  the 
injury  already  received,  either  from  malposition,  shaking,  or  spasmodic  muscular 
action,  in  the  course  of  convej'ance  from  the  neighbourhood  of  the  scene  of  conflict 
to  the  dressing-station.  In  the  open  field  this  attention  is  given  by  surgeons  who 
accompany  the  troops,  or  who  are  placed  at  what  are  called  the  '  first  lines  of  surgical 
assistance,'  or  '  field-stations,'  positions  close  enough  to  the  fighting  line  for  the 
surgeons  to  be  able  to  afford  speedy  help  to  the  wounded,  and  at  the  same  time  such 
as  to  ensure,  as  far  as  practicable,  protection  both  to  the  surgeons  and  their  patients 
against  risk  of  inj ury  from  shot.  In  siege  operations,  among  British  troops  similar 
primary  assistance  is  afforded  by  surgeons  stationed  at  fixed  places,  which  are  some- 
times made  shot-proof,  constructed  in  the  trenches,  batteries,  or  other  suitable  parts 
of  the  besiegers'  works. 

Dressing-stations  are  organised  establishments  for  affording  provisional  aid  to  the 
wounded  of  a  less  hasty  and  cursory  kind  than  what  alone  can  be  given  at  the  field- 
stations.  They  comprise  a  staff  of  medical  officers  and  men,  together  with  all  the 
necessary  equipment  for  the  performance  of  such  surgical  operations  as  will  not  admit 
of  delay  without  serious  prejudice  to  the  patients.  They  are  placed  in  suitable 
positions,  out  of  range  of  ordinary  fire,  between  the  first  line  of  help  and  the  lines  of 
the  field-hospitals.  Even  at  these  establishments  the  provisional  treatment  of  the 
wounded  should  still  be  of  the  simplest  kind  admissible,  and  chiefly  directed  to  the 
prevention  of  additional  injury  before  the  patient  can  reach  a  field-hospital,  which, 
in  modern  warfare,  is  often  at  a  distance  of  several  miles  from  the  field  of  action, 
and  where  alone  the  patient  can  remain  at  rest  for  a  time,  after  being  subjected  to  the 
required  exploration  of  his  wound  and  its  early  treatment.  The  removal  of  any 
missiles  or  foreign  bodies  which  may  be  readily  obvious  to  sight  or  touch  ;  the  appli- 
cation of  suitable  dressings  to  the  wounds ;  of  proper  supports  to  fractured  bones,  if 
these  have  not  been  already  attended  to ;  protection  against  dust,  cold,  or  other 
objectionable  circumstances  likely  to  occur  on  the  way  to  the  field-hospital ;  if  'shock' 

1  First  Dressing. — Every  soldier  in  regular  armies  carries  as  part  of  his  kit  when  on 
active  service  against  an  enemy  a  '  first  field-dressing.'  This  custom  was  originally  intro- 
duced into  the  British  array  by  War  Office  order  during  the  Crimean  war,  and  has  since  been 
adopted  in  all  civilised  armies.  On  the  Continent  a  first  dressing  of  antiseptic  materials  is 
generally  employed.  The  materials  of  the  '  first  field-dressing '  have  been  several  times 
changed  in  the  British  service  since  its  first  employment  in  the  Crimea.  At  the  time  of  the 
Ashanti  war  of  1873-74  the  soldier's  first  dressing  was  ordered  to  consist  of  a  piece  of  lint, 
with  simple  ointment  spread  on  it,  enclosed  in  waxed  paper  ;  a  triangular  bandage ;  a  few 
ordinary  pins  and  two  safety-pins;  all  folded  into  a  packet,  4  x  3j  x  1  in.  in  diraensious 
and  covered  by  waxed  paper.  It  was  carried  in  a  breastpocket  on  the  left  side  of  the  tunic. 
I  am  not  aware  of  any  change  in  its  composition  having  been  ordered  since  this  occasion. 
In  the  Army  Med.  lief/,  of  1878  supplies  of  first  dressings  are  contained  in  the  surgery 
wagons  of  bearer  companies,  but  their  composition  is  not  mentioned.  The  most  recent  form 
of  Esmarch's  antiseptic  first  field-dressing  consists  of  one  triangular  bandage  with  safety-pin  ; 
two  salicylated  tampons,  or  plugs  of  salicylic  jute  tied  up  in  salicylic  gauze;  and  one  anti- 
septic gauze  bandage,  searched,  six  feet  long  with  safety-pin. 
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exist,  the  administration  of  a  little  wine,  aromatic  ammonia,  or  other  restorative,  in 
water ;  these  and  any  other  matters  of  surgical  attention  that  will  not  require  much 
time  for  their  execution,  should  be  carried  out  at  the  dressing-station.  All  surgical 
operations  of  a  serious  nature  that  can  be  deferred  without  danger  to  the  patients, 
should  be  left  till  they  arrive  at  the  field-hospital.  If  haemorrhage  is  going  on,  or  is 
likely  to  occur  from  a  large  vessel  having  been  injured,  it  must  of  course  receive  the 
surgeon's  most  earnest  care.  He  should  not  trust  to  the  pressure  of  a  tourniquet, 
but  secure  it  at  once  by  ligature  whenever  it  is  practicable  to  do  so.  Without  this 
safeguard  during  the  transport  to  hospital,  and  when  in  the  hands  of  uneducated 
attendants,  especially  at  night,  the  life  of  the  wounded  man  may  be  endangered, 
either  from  debility  consequent  upon  gradual  loss  of  blood,  or  from  sudden  fatal 
haemorrhage.  If  a  tourniquet  is  absolutely  necessary,  a  winged  tourniquet,  or  some 
other  contrivance  which  allows  a  portion  of  the  collateral  circulation  to  be  continued, 
is  advisable  under  ordinary  circumstances  in  the  field.  It  has  often  happened  in 
war  that  men,  after  being  wounded,  have  been  left  a  long  time  in  woods  or  thickets, 
or  in  ditches,  or  have  strayed  to  places  where  they  have  escaped  observation  for  many 
hours,  and  that  the  ordinary  tourniquets,  by  which  the  whole  limb  has  been  com- 
pressed, have  caused  strangulation  and  its  results,  even  to  gangrene.  The  same  risk 
attends  the  use  of  Esmarch's  apparatus  for  bloodless  operations,  and  all  elastic 
ligatures  in  field  use.  At  the  International  Medical  Congress  of  1881,  Professor 
Esmarch  suggested  that  soldiers  should  have  india-rubber  braces  so  made  that  they 
could  be  turned  to  account  as  compressors  for  preventing  loss  of  blood  after  wounds. 
These  and  other  like  contrivances  are  free  from  the  objections  under  notice  whenever 
speedy  surgical  help  can  be  relied  on ;  but  where  this  is  doubtful,  their  employment 
in  the  field  must  always  be  attended  with  hazard. 

On  arrival  at  a  field-hospital,  where  comparative  leisure  and  absence  of  exposure 
afford  an  opportunity  of  careful  diagnosis  and  means  of  definitive  treatment,  the  follow- 
ing are  the  points  to  be  attended  to  by  the  surgeon :  firstly,  examination  and,  if  not 
sufficiently  obvious  without  it,  exploration  of  the  wound,  with  a  view  to  obtaining  a 
correct  knowledge  of  its  nature  and  extent ;  secondly,  removal  of  any  foreign  bodies 
or  deleterious  substances  which  may  be  lodged  in  it ;  thirdly,  adjustment  of  parts 
that  have  been  lacerated  or  otherwise  injured,  restoring  them  to  the  conditions  most 
favourable  for  their  repair  ;  and,  fourthly,  the  application  of  the  necessary  dressings. 

The  diagnosis  should  be  established  as  early  as  possible  after  the  arrival  of  the 
patient  at  the  field-hospital.  An  examination  of  the  wound  can  then  be  made  with 
more  ease  to  the  patient  and  more  satisfactorily  to  the  surgeon  than  at  a  later 
period.  Not  only  is  the  sensibility  of  the  parts  adjoining  the  track  of  the  projectile 
numbed,  but  there  is  less  swelling  to  interfere  with  the  examination,  so  that  the 
particular  structures  injured,  and  the  amount  of  injury  done  to  them,  as  well  as  the 
lodgment  of  any  foreign  bodies  among  them,  are  more  obviously  apparent.  The 
importance  of  making  a  sufficiently  complete  examination  of  the  wound  for  deter- 
mining its  nature,  probable  limits,  and  complications  at  this  early  period  before 
inflammation  has  arisen,  cannot  be  overrated.  If  the  examination  cannot  be  made 
without,  and  no  special  contra-indications  exist,  it  may  be  well  to  narcotise  the 
patient  for  the  purpose. 

The  examination  of  the  wound  should  be  conducted  with  antiseptic  precautions 
as  far  as  practicable.  Even  if  strict  Listerism  is  inapplicable  to  the  ordinary  conditions 
of  warfare,  the  hands  of  surgeons  and  attendants,  probes  and  other  surgical  instru- 
ments, and  indeed  everything  that  is  brought  into  contact  Avith  the  wounded  struc- 
tures, may  be  readily  cleansed  in  some  antiseptic  fluid  at  the  field-hospitals.  The 
great  advantages  of  even  this  amount  of  antiseptic  precaution  in  dealing  with  wounds 
have  certainly  been  proved  beyond  doubt,  especially  when  the  places  in  which  the 
patients  have  had  to  be  treated  have  been  surgically  impure.  The  dressing-stations 
and  field-hospitals,  in  the  neighbourhood  of  fields  of  battle,  can  rarely  be  otherwise 
than  in  a  relatively  unhygienic  and  impure  state,  as  well  as  the  immediate  surround- 
ings of  the  patients.  The  atmosphere  is  loaded  with  dust  and  effete  matters  from 
the  multitude  of  men  and  animals  in  such  places,  and  from  the  effects  of  their  constant 
movement ;  it  is  brought  forcibly  upon  the  wounds  and  persons  of  the  patients,  whose 
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injuries  are  attended  to  either  while  they  are  lying  on  the  ground  in  the  open  air, 
or  in  tents  ;  their  uniform  clothing,  in  which  they  usually  have  to  remain  while 
under  treatment,  is  saturated  with  perspiration,  and  its  interstices  loaded  with  dust. 
The  benefits  that  may  be  expected  to  result  from  a  careful,  though  modified,  system 
of  antiseptic  treatment  under  such  circumstances  are  sufficiently  apparent.  The  full 
treatment  advocated  and  practised  by  Mr.  Lister  has  been  carried  out  in  two  or 
three  notable  instances  during  the  Russo-Turkish  war,  even  at  the  dressing  stations, 
but  the  circumstances  were  quite  exceptional.  The  means  were  furnished  by  private 
enterprise  at  great  cost,  and  were  applied  under  the  authority  of  exalted  patronage, 
while  special  hospital  accommodation  and  transport  were  placed  in  the  hands  of  the 
highly  skilled  surgeons  who  were  appointed  to  conduct  the  treatment.  In  great 
battles,  when  the  numbers  of  wounded  to  be  cared  for  are  overwhelming,  in  warfare 
carried  on  in  uncivilised  or  only  partially  civilised  countries,  where  the  surgical 
stores  have  to  be  reduced  to  the  lowest  limits,  and  under  many  other  of  the  conditions 
in  which  troops  are  placed  in  campaigning,  a  mode  of  treatment  which  requires  so  much 
time  and  close  attention,  so  much  material,  such  skilled  assistants,  and  involves  so  much 
cost,  as  does  that  practised  by  Mr.  Lister  in  its  strict  entirety,  is  almost  altogether 
beyond  attainment.  Still,  apparently  distant  as  the  goal  may  be,  military  surgeons 
will  have  to  try  and  reach  it,  if  it  be  once  proved  that  the  principles  on  which  it  is 
based  are  true,  and  if  it  be  further  shown  that  the  amount  of  success  published  in  the 
reports  of  the  few  surgeons  who  have  had  the  opportunity  of  practising  Listerism  in 
the  treatment  of  gunshot  wounds  in  the  field,  cannot  be  attained  by  other  modes  of 
practice.  But  if  what  is  now  advanced  by  many  distinguished  surgeons,  the  number 
of  whom  seems  to  be  increasing,  viz.  that  results  as  satisfactory  can  be  obtained  by 
some  of  the  modified  and  simpler  modes  of  antiseptic  treatment,  be  substantiated, 
then  the  task  of  the  military  surgeon  in  the  treatment  of  gunshot  injuries  will  be 
rendered  proportionately  easier.  The  circumstances  even  of  a  state  of  warfare  must 
be  very  exceptional  where  a  modified  form  of  aseptic  treatment  cannot  be  practised, 
at  least,  in  the  regular  field-hospitals. 

One  of  the  earliest  rules  for  examining  a  gunshot  wound  is  to  place  the  patient, 
as  nearly  as  he  can  be  placed,  in  a  position  similar  to  that  in  which  he  was  in  relation 
to  the  missile  at  the  time  of  being  struck  by  it.  If  circumstances  prevent  the  patient 
from  assuming  the  posture,  or  from  being  put  into  the  posture,  in  which  he  was  when  he 
was  wounded,  its  nature  and  the  direction  from  which  the  missile  came  should  always 
be  ascertained  as  far  as  practicable.  In  almost  every  instance  the  examination  will 
be  facilitated  by  attention  to  this  precept.  Occasionally  it  will  at  once  indicate  the 
existence  of  injury  to  a  bone,  to  a  joint,  or  other  important  structures,  in  cases  where 
the  mutual  relations  of  the  wounds  of  entrance  and  exit,  in  either  the  erect  or  hori- 
zontal posture  of  the  body,  would  lead  to  no  such  information.  Injury  to  particular 
nerves  or  contusions  of  blood-vessels,  liable  to  lead  to  secondary  haemorrhage  or 
gangrene,  may,  without  sufficient  circumspection  in  this  respect,  be  overlooked  on 
the  patient's  first  admission  to  hospital. 

When  only  one  opening  has  been  made  by  a  bullet,  it  is  to  be  presumed  that  it 
is  lodged  somewhere  in  the  wound,  and  search  must  be  made  for  it  accordingly.  But 
even  where  two  openings  exist,  and  evidence  is  afforded  that  these  are  the  apertures 
of  entrance  and  exit  of  the  projectile  itself,  examination  should  still  be  made  to  detect 
the  presence  of  other  foreign  bodies.  Portions  of  clothing  and,  as  has  already  been 
mentioned,  other  harder  substances,  are  not  ^infrequently  carried  into  a  wound  by 
a  bullet ;  and,  though  it  itself  may  pass  out,  these  may  remain  behind,  either  from 
being  diverted  from  the  straight  line  of  the  wound,  or  from  becoming  caught  and 
impacted  in  the  fibrous  tissues  through  which  the  ball  has  passed.  The  inspection 
of  the  garments  worn  over  the  part  wounded  may  often  serve  as  a  guide  in  deter- 
mining whether  foreign  bodies  have  entered  or  not,  and  if  so,  their  kind,  and  thus 
save  time  and  trouble  in  the  examination  of  the  wound  itself. 

Of  all  instruments  for  making  a  satisfactory  examination  of  a  gunshot  wound, 
as  well  as  for  exploring  for  foreign  bodies  which  may  be  lodged  in  it,  the  finger  of 
the  surgeon  is  the  most  appropriate.    By  its  means  the  direction  of  the  wound  can 
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be  ascertained  with  least  disturbance  of  the  several  structures  through  which  it  takes 
its  course.  If  bones  are  fractured,  the  number,  shape,  length,  position,  and  degree 
of  looseness  of  the  fragments  may  be  more  readily  observed.  Exploration  by  a  finger 
will  establish  the  fact  of  a  joint  being  opened  in  cases  where  the  injury  to  the  articu- 
lation would  have  remained  a  matter  of  doubt  if  a  probe  had  been  used  instead. 
When  foreign  bodies  are  lodged  not  only  is  their  presence  more  obvious  to  the  finger 
direct  than  through  the  agency  of  a  metallic  instrument,  but  by  its  means  intelligence 
of  their  qualities  is  also  communicated.  A  piece  of  cloth  lying  in  a  wound  is 
recognised  at  once  by  a  finger ;  while,  saturated  with  clot,  as  it  is  under  such 
circumstances,  it  will  probably  be  mistaken  for  some  of  the  natural  soft  parts  by 
any  other  mode  of  examination.  The  index-finger  naturally  occurs  as  the  most 
convenient  for  this  employment ;  but  the  opening  through  the  skin  and  fascia  made 
by  a  rifle-ball  of  small  diameter  is  usually  too  contracted  to  admit  of  its  free 
entrance,  and  in  this  case  the  little  finger  may  be  substituted,  or  the  opening  may 
be  extended  by  incision  with  antiseptic  precautions,  in  order  to  accomplish  the 
purpose  in  view.  When  the  linger,  after  insertion  cannot  reach  sufficiently  far, 
owing  to  the  depth  of  the  wound,  the  discovery  of  a  bullet  is  often  facilitated  by 
pressing  the  soft  parts  from  an  opposite  direction  towards  the  finger-end. 

If  the  finger  fail,  even  when  the  soft  parts  have  been  approximated,  as  described, 
and  there  be  good  reason  still  for  suspecting  the  lodgment  of  a  foreign  substance  in 
the  wound,  other  means  must  be  resorted  to  for  ascertaining  its  position.  Under 
ordinary  circumstances  a  long  silver  probe,  that  admits  of  being  bent  by  the  hand 
if  required,  is  perhaps  the  best  substitute  for  the  finger.  Elastic  bougies  or  catheters 
are  apt  to  become  curled  among  the  soft  parts,  and  do  not  convey  to  the  sense  of 
touch  the  same  amount  of  information  as  metallic  instruments  do.  The  probe 
should  be  employed  with  great  nicety  and  care,  for  it  may  inflict  injury  on  vessels  or 
other  important  structures  which  have  escaped  from  direct  contact  with  the  bullet, 
but  have  returned,  by  their  elasticity,  to  the  situations  from  which  they  had  been 
forced  aside  during  its  passage.  Nelaton's  test-probe,  in  which  a  small  knob  of 
biscuit  china  is  prepared  for  taking  an  impression  of  lead  or  rust,  on  being  rubbed 
against  a  leaden  or  iron  projectile ;  Lecompte's  stylet-pince,  in  which  an  arrangement 
exists  for  nipping  off  and  bringing  away  a  minute  fragment  of  a  supposed  foreign 
body  for  observation ;  electric  indicators,  in  which  contact  with  metal  at  the  bottom 
of  a  wound  is  notified  by  the  deflection  of  a  needle  or  the  sound  of  a  bell — these  and 
other  such  exploring  instruments  are  chiefly  useful  in  solving  questions  of  lodgment 
in  chronic  cases  of  gunshot  wounds.  Such  appliances  can  rarely  be  required  in  the 
cases  which  come  before  military  surgeons  in  field- hospitals. 

The  directions  just  given  for  examining  wounds  to  detect  foreign  substances  which 
are  lodged  in  them  apply  more  particularly  to  wounds  of  the  extremities,  or  to  those 
which  extend  superficially  in  other  parts  of  the  body — when  a  missile  has  entered, 
or  is  believed  to  have  entered,  any  of  the  important  cavities,  such  a  search  for  it 
would  be  unwarrantable. 

As  soon  as  the  site  of  lodgment  of  a  bullet  or  any  other  foreign  body  is  ascer- 
tained, as  a  general  rule,  it  should  be  removed.  If  it  be  lying  within  reach  from 
the  wound  of  entrance,  it  should  be  extracted  through  this  opening  by  means  of  some 
of  the  various  instruments  devised  for  the  purpose.  In  case  of  a  leaden  bullet, 
Coxeter's  Extractor,  corresponding  with  Baron  Percy's  instrument  for  the  same 
purpose,  and  consisting  of  a  scoop  for  holding,  and  central  pin  for  fixing,  the  bullet, 
has  been  found  a  very  convenient  appliance,  from  the  comparatively  limited  space 
required  for  its  action.  Instruments  of  two  blades,  with  ordinary  hinge  action,  are 
apt  to  dilate  the  track  of  the  wound  injuriously  before  a  foreign  body,  which  is  lying 
deep  in  the  tissues,  can  be  grasped  by  them ;  but  when  the  blades  are  capable  of 
being  inserted  separately,  and  then  of  being  united,  after  the  manner  of  midwifery 
forceps,  this  objection  is  obviated,  and  they  then  become  very  serviceable  for  remov- 
ing fragments  of  iron  shells,  pieces  of  stone,  and  other  similarly  hard  and  irregularly 
shaped  projectiles. 

The  way  to  the  removal  of  a  bullet  may  often  be  smoothed  by  judiciously  clear- 
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ing  away  the  fibres  among  which  it  is  lodged,  during  the  digital  examination  ;  and 
sometimes  by  means  of  the  finger  in  the  wound,  and  external  pressure  of  the  sur- 
rounding parts,  the  projectile  may  be  brought  near  to  the  aperture  of  entrance,  so 
that  its  extraction  is  still  further  facilitated.  Such  foreign  substances  as  pieces  of 
cloth  can  visually  be  brought  out  by  the  finger  alone,  or  by  pressing  them  between 
the  finger  and  a  silver  probe  inserted  for  the  purpose.  Sometimes  a  long  pair  of 
dressing-forceps,  guided  by  the  finger,  is  found  serviceable  for  effecting  this  object. 
Caution  must  of  course  be  used  in  employing  forceps  in  this  way  where  the  foreign 
substance  is  out  of  sight,  and  of  such  a  quality  that  the  soft  tissues  may  be  mistaken 
for  it.  In  extracting  fragments  of  shells,  the  fascia  and  skin  have  almost  invariably 
to  be  divided,  sometimes  to  a  considerable  extent. 

In  removing  slugs,  stones,  and  other  irregularly-shaped  bodies,  the  surgeon 
cannot  be  too  guarded  in  arranging  that  the  fragment  is  drawn  away  with  its  long 
axis  in  line  with  the  track  of  the  wound.  By  proper  care  in  this  respect  much 
injury  to  adjoining  structures  maybe  avoided.  This  rule  specially  applies  to  modern 
elongated  bullets,  some  of  which  have  a  long  diameter  of  an  inch  and  a  quarter 
or  upwards,  with  a  short  diameter  of  little  more  than  four-tenths  of  an  inch  ;  with  a 
spherical  bullet  no  attention  is  necessary  as  to  itsi'emoval  in  any  particular  direction. 

When  the  foreign  body  has  not  completely  perforated,  but  is  felt  to  be  lying 
near  the  surface  of  a  part  at  some  distance  away  from  the  wound  of  entrance,  an 
incision  must  be  made  for  its  extraction.  Before  using  the  knife,  the  substance 
should  be  fixed  in  situ,  by  pressure  on  the  surrounding  parts.  In  the  instance  of  a 
round  ball,  the  incision  through  the  skin  and  fascia  should  be  carried  beyond  the 
length  of  its  diameter  •  an  addition  of  half  a  diameter  is  usually  sufficient  to  admit 
of  the  easy  extraction  of  the  ball.  When  cylindro-conoidal  bullets  lodge  in  one  of 
the  extremities  in  the  manner  described,  it  will  frequently  be  found  that  the  base  or 
side  of  the  bullet  presents  itself  toward  the  surface,  owing  to  its  having  made  a  partial 
revolution  upon  one  of  its  short  axes  while  traversing  the  limb,  and  an  incision  of 
propoitionate  length  should  be  made  for  its  removal. 

If  bullets  are  impacted  in  bone,  as  occasionally  happens  in  the  spongy  heads  of 
some  bones,  in  the  bones  of  the  foot,  pelvis,  and  others,  they  should  equally  be 
removed  without  delay.  The  fact  is  established  that,  although  in  isolated  cases  bullets 
remain  lodged  in  bones  for  some  time  without  sensible  inconvenience,  in  the  majority 
the  lodgment  leads  by  degrees  to  such  disease  of  the  bony  structure  as  eventually  to 
necessitate  operative  interference.  If  the  bullet  be  superficially  lodged,  its  removal 
can  be  effected  by  means  of  a  steel  elevator  of  convenient  size  ;  or,  should  this  fail 
from  the  missile  being  too  firmly  impacted,  a  thin  layer  of  the  contused  bone  on  one 
side  of  the  bullet  may  be  gouged  away,  when  a  better  purchase  will  be  obtained  for 
the  elevator,  and  its  action  be  thereby  facilitated.  If  the  impaction  be  deep,  and  it 
be  a  leaden  bullet,  the  '  tire-fond '  screw,  which  is  much  used  by  French  military 
surgeons,  or  Luer's  narrow  sharp-pointed  bullet  forceps,  which  bite  into  and  secure  a 
firm  grasp  of  the  object,  will  best  accomplish  the  extraction.  The  lodgment  of  bullets, 
even  in  the  cancellous  apophyses  of  bones,  will  not  often  occur  without  the  concur- 
rence of  extensive  fissured  fractures,  but  still  occasionally  happens  without  such 
complications. 

Whatever  reason  there  may  be,  however,  for  concluding  that  a  bullet  or  other 
missile  has  lodged  in  a  wound,  if,  after  a  moderate  amount  of  manual  examination, 
and  observations  made  in  varied  postures  of  the  part  of  the  body  supposed  to  be 
implicated,  after  attention  has  been  given  to  indications  derived  from  the  patient  s 
sensations,  and  to  all  other  circumstances  which  may  lead  to  information — if  after 
all  these  steps  have  been  taken  the  site  of  the  lodgment  be  not  ascertained,  the  search 
should  not  be  unreasonably  persevered  in  to  the  distress  of  the  patient.  And  even 
if  the  site  of  lodgment  be  determined,  if  the  removal  of  the  foreign  body  can 
only  be  effected  by  violence,  or  by  some  severe  and  perhaps  hazardous  surgical  oper- 
ation, the  attempts  at  extraction  should  not  in  ordinary  cases  be  continued.  In 
short,  although  immediate  extraction  of  a  bullet  is  the  rule,  it  is  not  to  be  followed 
beyond  reasonable  limits  or  at  all  hazards.    Either  during  the  process  of  suppuration 
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or  by  some  accidental  muscular  contraction,  or  by  gradual  approach  toward  the  surface, 
its  esca2>e  may  be  eventually  effected  without  such  risks ;  or,  if  of  a  favourable  form, 
and  if  not  imbedded  in  bone,  or  otherwise  unfavourably  placed  for  the  process,  it 
may  become  encysted,  and  remain  without  causing  either  pain  or  mischief.  John 
Hunter  has  recorded,  in  his  treatise  on  gunshot  wounds,  that  the  practice  of  search- 
ing after  a  ball,  broken  bones,  or  any  other  extraneous  bodies,  was  then  in  a  great 
measure  given  up  from  experience  of  the  little  harm  caused  by  them  when  at  rest 
and  not  in  a  vital  part ;  and  he  himself  advises,  even  when  a  ball  can  be  felt  beneath 
skin  that  is  sound,  that  it  should  be  let  alone,  chiefly  on  the  ground  that  two  wounds 
are  more  objectionable  than  one,  and  that  the  extent  of  inflamed  surface  is  propor- 
tionably  increased  by  incision.  More  extensive  experience  has  shown  that,  not  only 
has  the  risk  of  subsequent  ill  results  been  increased  in  those  cases  where  foreign 
bodies  have  been  allowed  to  remain  lodged  than  when  they  have  been  cut  out,  but 
also  that  the  advantages  of  a  second  opening  for  the  escape  of  the  necessary  dis- 
charges have  greatly  preponderated  over  the  disadvantages  connected  with  it  as 
regards  the  additional  extent  of  injured  surface.  Moreover,  now,  under  antiseptic 
precautions,  incisions  can  be  freely  made  with  an  impunity  which  was  unknown  in 
Hunter's  time.  The  advantage  also  of  the  satisfaction  to  the  mind  of  a  patient  from 
whom  a  bullet  has  been  removed  must  not  be  overlooked ;  for  men  suffering  from 
gunshot  wounds  are  invariably  rendered  uneasy  by  a  vague  apprehension  of  danger, 
for  some  time  after  the  injury,  if  the  missile  has  remained  undiscovered. 

In  the  majority  of  gunshot  wounds,  early  care  and  attention  will  suffice  to  effect 
the  removal  of  any  foreign  bodies  which  may  be  lodged  in  them,  and,  as  soon  as  this 
has  been  accomplished,  whenever  a  wound  has  been  accompanied  with  much  lacera- 
tion and  disturbance  of  the  parts  involved  in  the  injury,  such  as  especially  happens 
with  shell  wounds,  which  form  a  large  proportion  of  the  wounds  inflicted  in  modern 
warfare,  the  next  points  to  be  attended  to  are  to  thoroughly  flood  and  cleanse  the  wound 
with  an  antiseptic  solution,  and  then  to  readjust  and  secure  the  disjoined  structures 
as  nearly  as  possible  in  their  normal  relations  to  each  other.  In  all  gunshot  wounds, 
much  discomfort  to  the  patient  is  prevented  by  carefully  clearing  away  all  blood  and 
clot  from  the  surface  adjoining  the  wound  at  the  first  dressing,  and  by  adopting 
measures  to  prevent  it  from  spreading  subsequently,  and  becoming  hard  and  firmly 
adherent  to  the  skin.  For  cleansing  purposes  nothing  can  be  better  suited  than  the 
irrigators  and  wound-washing  dishes  which  are  now  supplied  as  articles  of  field 
surgical  equipment.  By  means  of  the  irrigator  a  stream  of  carbolised  water  or  other 
medicated  lotion  of  any  desired  temperature  can  be  directed,  with  any  requisite 
amount  of  force,  over  a  wound  and  its  vicinity,  and,  owing  to  the  shapes  of  the  dishes 
made  for  receiving  the  liquids  so  employed,  any  part  of  the  body  can  be  irrigated 
without  wetting  other  parts  or  the  patient's  bedclothes.  The  simplest  means — strips 
and  light  pledgets  of  moistened  lint,  a  roller-bandage,  favourable  position  of  the 
limb  or  part  of  the  body  wounded — should  be  adopted  for  maintaining  apposition  of 
the  wounded  surfaces.  Sutures  and  ligatures  should  be  avoided  as  much  as  possible  ; 
but,  if  the  nature  of  the  wound  renders  them  absolutely  necessary,  the  carbolised 
catgut  ligatures  are  best  for  the  purpose.  If  the  materials  for  regular  antiseptic 
dressings  are  available,  they  should  be  used  in  the  same  way  as  they  would  bo  for 
any  other  wounds  of  a  contused  kind.  If  these  are  not  at  hand,  some  of  the  modified 
forms  of  antiseptic  dressing,  either  dry  or  moist,  ought  to  be  employed.  It  is  not  the 
purpose  of  this  article  to  describe  these  various  dressings ;  a  detailed  description  of 
them  will  be  found  elsewhere  (see  p.  317  etsqq.)  Whatever  applications  be  employed, 
pressure,  weight,  and  undue  warmth  should  be  carefully  avoided.  It  must  not  be 
forgotten  that  the  purpose  is  not  so  much  to  obtain  union  by  adhesion,  which  cannot 
under  ordinary  circumstances  be  looked  for,  as  simply  to  prevent  mal-position  of 
parts,  and  all  avoidable  local  irritation,  whether  septic  or  mechanical,  during  the 
subsequent  stages  of  cure,  either  by  scabbing  or  by  granulation  and  cicatrisation. 

When  suppurative  action  has  been  fully  established,  the  surgeon  must  be  guided 
by  the  general  rules  applicable  to  all  other  suppurating  wounds  and  sores.  It  will 
be  evident  on  reflection  that  especial  care  is  necessary  to  obviate  the  accumulation 

i  i  2 


484 


GUNSHOT  INJURIES. 


and  burrowing  of  pus  in  bullet-wounds,  which  are  usually  both  deep  and  narrow, 
often  tortuous,  and  in  which  the  areolar  connections  of  many  different  parts  are 
opened  by  the  projectile  in  its  course.  Blocked  collections  of  pus,  or  its  dispersion 
in  different  directions  and  the  subsequent  formation  of  sinuses,  are  not  un frequent 
results  of  want  of  sufficient  circumspection  in  this  regard,  though  they  will  sometimes 
occur  notwithstanding  careful  attention  is  given  to  the  subject.  If  much  tumefac- 
tion beneath  fasciae  should  occur,  or  any  purulent  deposits  should  be  detected,  free  in- 
cisions should  be  at  once  made  for  their  relief.  In  a  wound  where  the  communica- 
tion between  the  apertures  of  entrance  and  exit  is  tolerably  direct,  the  occasional 
syringing  of  the  track  with  tepid  carbolised  water  or  with  a  weak  solution  of  per- 
manganate of  potash  is  soothing  to  the  feelings  of  the  patient,  and  is  useful  by 
removing  accumulated  discharges  and  any  fibres  of  cloth  which  may  have  happened  to 
be  caught  and  to  be  lying  in  the  course  of  the  wound.  Weak  astringent  solutions  are 
occasionally  employed  in  a  similar  way  after  all  excessive  inflammation  has  subsided, 
with  a  viewT  to  improving  the  condition  of  the  sore  surface,  and  exciting  a  more 
vigorous  action  in  the  process  of  granulation.  The  use  of  a  watery  solution  of  the 
perchloride  of  iron  has  been  greatly  extolled  for  this  purpose.  For  all  such  objects 
the  irrigator,  with  its  long  pliable  tubing  and  suitable  nozzle,  is  invaluable,  for  it 
places  the  amount  of  force  with  which  the  stream  of  fluid  shall  be  allowed  to  per- 
meate the  wound  entirely  at  the  discretion  of  the  surgeon.  Each  patient  should 
have  at  his  bedside  a  separate  nozzle  for  his  particular  use ;  the  same  nozzle  should 
not  be  indiscriminately  applied  to  the  wounds  of  a  number  of  patients  in  succession. 

Under  all  circumstances,  the  strictest  attention  to  cleanliness,  the  regular  and 
complete  removal  of  all  soiled  dressings,  and  free  aeration  of  the  wards,  are  essentially 
necessary,  both  for  the  comfort  and  general  well-being  of  patients  with  gunshot 
wounds,  as  well  as  to  allow  the  process  of  repair  in  the  wounds  to  go  on  healthily 
and  without  interruption.  It  cannot  be  expected  that  without  these  hygienic 
requisites,  the  serious  evils  which  result  from  the  accumulation  and  dissemination  of 
noxious  effluvia,  in  places  where  many  patients  with  sloughing  and  suppurating 
wounds  are  gatheied  together,  can  he  averted  by  the  employment  of  any  amount  of 
antiseptic  agents.  In  tropical  climates,  and  in  field-hospitals  in  mild  weather,  where 
many  wounded  are  congregated,  flies  propagate  with  wonderful  rapidity,  and  the 
utmost  care  is  necessary  to  prevent  the  deposit  of  ova  and  generation  of  larva?  in  the 
vicinity  of  gunshot  wounds,  especially  while  sloughs  are  in  process  of  separation. 
Cloths  dipped  in  solutions  of  creasote,  lotions  containing  oil  of  turpentine  and  cam- 
phor, and  many  other  similar  applications,  have  been  frequently  employed  to  avert 
or  overcome  this  repulsive  complication  of  gunshot  wounds,  when  these  insects  have 
abounded  in  great  numbers.  It  is  scarcely  possible  that  this  occurrence  can  take 
place  when  the  surgeon  uses  antiseptic  dressings. 

It  was  once  the  custom  to  enlarge  the  orifices  of  gunshot  wounds  by  incision  ; 
and  sometimes  not  merely  the  openings,  but  also  the  walls  of  the  tracks  tunnelled  by 
bullets.  The  opinions  held  by  the  older  surgeons  respecting  the  nature  of  these  in- 
juries, already  briefly  adverted  to  in  the  historical  remarks  on  the  subject,  sufficiently 
explain  the  objects  they  had  in  view  in  making  these  incisions— namely,  to  convert 
Avhat  they  regarded  as  poisoned  into  simple  wounds.  Karon  Percy,  in  his  '  Manuel 
du  Chirurgien  d'Armee,'  writes,  '  The  first  indication  of  cure  is  to  change  the  nature 
of  the  wound  as  nearly  as  possible  into  an  incised  one.'  The  treatment  by  incision  con- 
tinued even  after  the  idea  of  gunshot  wounds  being  poisoned  wounds  had  been  exploded, 
the  advocates  for  the  practice  arguing  that  it  was  necessary  to  obviate  tension,  and 
prevent  strangulation  of  neighbouring  tissues  by  tumefaction,  on  inflammation 
arising  in  the  track  of  a  projectile.  This  treatment  retained  such  a  hold  in  con- 
tinental practice,  that  some  foreign  surgeons  still  consider  it  necessary  to  discuss  the 
merits  or  otherwise  of  '  debridement '  of  gunshot  wounds.  English  surgeons  gene- 
rally discarded  it  after  the  arguments  urged  by  John  Hunter  against  it,  excepting 
only  in  cases  where  it  is  required  to  allow  of  the  extrication  of  some  extraneous 
body  ;  to  secure  a  wounded  artery;  to  replace  parts  in  their  natural  situation,  as  in 
protrusion  of  viscera  in  wounds  of  the  abdomen  \  or,  '  in  short,  when  anything  can 
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be  done  to  the  part  wounded,  after  the  opening  is  made,  for  the  present  relief  of  the 
patient,  or  the  future  good  arising  from  it.' 

During  the  war  of  the  rebellion  in  the  United  States.  Professor  Chisholm  of 
South  Carolina  introduced  a  plan  of  incising  the  orifices  of  gunshot  wounds  with  a 
different  object  from  that  of  the  practice  of  '  debridement.'  He  pared  the  edges  of 
the  wound  in  such  a  way  as  to  prepare  them  for  union  by  adhesion,  and  thus  sought 
to  convert  the  open  into  a  subcutaneous  wound.  His  plan,  which  was  designated 
'  the  new  method  of  rapidly  healing  gunshot  wounds,'  was  tried  to  a  limited  extent 
in  the  British  army  in  New  Zealand  during  the  last  Maoii  war,  but  was  not 
attended  with  success. 

The  constitutional  treatment  of  a  patient  with  an  ordinary  gunshot  wound,  un- 
complicated with  injury  to  bone  or  structures  of  first  importance,  should  be  verysimple. 
The  avoidance  of  all  irregularity  in  habits  tending  to  excite  febrile  symptoms  or 
to  aggravate  local  inflammation,  attention  to  the  due  performance  of  the  exci'etory 
functions,  and  support  of  the  general  strength,  are  chiefly  to  be  considered. 
Bleeding,  with  a  view  to  prevent  the  access  of  inflammation  in  such  cases,  is  now 
never  practised,  as  formerly,  by  English  surgeons.  The  diet  should  be  nutritious 
and  abundant.  The  maintenance  of  as  pure  and  fresh  an  atmosphere  as  practicable 
in  the  hospital  is  a  very  important  ingredient  among  the  means  of  recovery.  If  the 
wound  be  of  a  nature,  or  in  a  part  of  the  body,  which  necessitates  a  recumbent 
position,  it  is  not  to  be  forgotten  that  the  prolonged  confinement  in  bed,  restraint 
from  the  usual  bodily  exercises,  especially  with  soldiers,  the  effects  of  a  ward  atmo- 
sphere breathed  both  by  night  and  by  day,  added  probably  to  a  certain  amount  of 
pain  and  mental  anxiety,  all  tend  to  exert  a  debilitating  influence  on  patients, 
which  has  to  be  counteracted  as  far  as  possible  by  suitable  medical  and  dietetic 
treatment.  If,  from  previous  habits  of  the  patient,  or  from  circumstances  to  which 
he  is  unavoidably  exposed,  the  local  inflammation  becomes  aggravated,  topical  deple- 
tion by  leeches,  saline  and  antimonial  medicines,  may  be  had  to  recourse  to,  according 
to  the  circumstances  of  the  case.  In  such  instances  when  the  inflammation  has 
become  diffused,  the  purulent  secretion  seldom  confines  itself  to  the  track  of  the 
wound,  but  is  apt  to  extend  among  the  areolar  connections  of  the  neighbouring 
muscles ;  and  if  the  cure  be  protracted,  attention  is  always  necessary  to  prevent 
purulent  deposits  and  the  formation  of  sinuses.  If  a  tendency  to  stiffness  or  contrac- 
tions is  exhibited,  attempts  must  be  made  to  counteract  it  by  passive  motion  and 
friction,  with  appropriate  liniments  ;  if  oedema  and  debility  remain  in  a  limb  after  the 
wound  is  healed,  the  cold-water  douche  will  be  found  to  be  one  of  the  most  efficient 
topical  remedies. 

Progress  of  cure. — Simple  flesh-wounds  from  gunshot  usually  heal  in  five  or  six 
weeks.  In  the  course  of  the  first  day  the  part  wounded  becomes  stiff,  slightly 
swelled,  tender,  a  slight  inflammatory  blush  surrounds  the  apertures  through  which 
the  missile  has  passed,  and  a  slight  bloody  serous  exudation  escapes  from  them. 
Suppuration  commences  on  the  third  or  fourth  day.  and  in  about  ten  days  or  a  fort- 
night the  sloughs  are  thrown  off.  Granulation  now  progresses,  more  or  less  quickly 
according  to  the  health  and  vigour  of  the  patient's  constitution.  The  opening  of 
exit  is  usually  the  first  closed.  When  the  wound  is  complicated  with  unfavourable 
circumstances,  whether  inducing  in  the  patient  a  condition  of  asthenia,  or  leading  to 
excess  of  inflammatory  action,  the  progress  of  the  cure  may  be  extended  over  as 
many  months  as,  under  favourable  circumstances,  weeks  are  occupied  in  the  process. 

GUNSHOT  WOUNDS  IN  SPECIAL  REGIONS  OF  THE  BODY. 

The  circumstances  connected  with  wounds  in  particular  situations  of  the  body,  or 
in  particular  organs,  are  in  many  respects  common  to  injuries  from  other  causes  than 
gunshot ;  and  in  the  following  remarks  the  attention  is  chiefly  drawn  to  those  lead- 
ing points  which  specially  demand  the  consideration  of  army  sui'geons,  and  which 
spring  either  from  the  nature  of  gun-projectiles  or  from  the  peculiar  conditions 
under  which  this  branch  of  surgical  practice  has  for  the  most  part  to  be  pursued. 
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Gunshot  Injuries  of  the  Head. 

No  injuries  met  with  in  war  require  more  careful  observation,  a  more  guarded 
prognosis,  or  more  caution  in  their  treatment  than  wounds  of  the  head.  The  vital 
importance  of  the  brain ;  the  intensity  of  the  concussions,  as  well  as  the  severity  of 
more  obvious  lesions,  which  are  apt  to  be  inflicted  on  it  by  gunshot  projectiles ;  the 
varied  symptoms  which  accompany  the  complex  injuries  to  which  this  organ  may  be 
subjected  ;  the  difficulty  which  so  constantly  exists  in  tracing  out  the  precise  causes  of 
these  symptoms  ;  the  many  secondary  conditions  which  may  become  developed ;  the 
suddenness  of  the  changes  which  not  unfrequently  occur  in  the  condition  of  patients 
■ — all  these  are  circumstances  calculated  to  keep  a  prudent  surgeon  who  has  charge  of 
gunshot  wounds  of  the  head  continually  on  the  alert  while  they  remain  under  his 
care.  Injuries  of  this  class,  the  most  slight  in  appearance  at  their  onset,  may  prove 
to  be  most  grave  as  they  proceed,  from  intracranial  hremorrhage,  meningitis,  or 
cerebritis,  and  their  consequences,  or  from  plugging  of  sinuses  by  coagula,  leading 
to  coma,  paralysis,  or  pysemia ;  and  the  converse  sometimes  holds  good  with  injuries 
presenting  at  first  the  most  threatening  aspects.  The  gravity  of  particular  cases  may 
be  modified  by  several  circumstances  : — by  the  part  of  the  head  struck,  whether  it  be 
upon  some  of  the  thicker  and  stronger  portions  of  the  skull ;  upon  parts  where  the 
diploetic  structure  is  plentiful,  or  on  parts  thin  and  easily  splintered ;  over  the 
situation  of  the  sinuses  ;  parts  closely  adjoining  the  cerebrum ;  the  degree  of  force 
possessed  by  the  projectile;  its  shape ;  the  angle  at  which  it  has  struck;  the  age  and 
condition  of  the  patient ;  and  some  other  matters  already  referred  to  in  the  general 
remarks  on  gunshot  injuries.  Mr.  Guthrie  laid  down  as  a  rule  that  injuries  of  the 
head,  of  apparently  equal  extent,  are  more  dangerous  on  the  forehead  than  on  the 
side  or  middle  portion,  and  more  dangerous  in  these  last-named  situations  than  on 
the  back  part.  When  the  injuries  are  caused  by  rifle-bullets  or  other  missiles  armed 
with  a  high  rate  of  velocity,  however,  these  considerations  respecting  position  can 
rarely  be  of  any  avail,  for  the  force  of  such  projectiles  is  so  great  that  the  injury  is 
scarcely  ever  confined  to  the  immediate  neighbourhood  of  the  part  directly  struck. 
When  caused  by  bullets  whose  velocity  has  been  in  a  great  degree  spent,  or  by 
small  fragments  of  shell,  the  injuries  may  be  sufficiently  localised  for  the  accident 
of  situation  to  become  a  point  of  consideration  in  estimating  the  probable  issue  of 
any  particular  case. 

One  of  the  most  striking  features  of  gunshot  wounds  of  the  head  as  they  occur 
in  military  hospitals  to  an  observer  who  has  been  accustomed  to  seeing  wounds  of 
the  head  as  they  are  met  with  in  civil  practice,  is,  in  the  majority  of  cases,  the  small 
amount  of  evident  injury  compared  with  the  amount  of  real  injury.  A  large  propor- 
tion of  the  wounds  of  the  upper  and  side  parts  of  the  head  which  are  brought  to 
civil  hospitals  present  extensive  bruisings  and  lacerations,  the  scalp  perhaps  hanging 
down  in  flaps,  the  bone  bared,  much  haemorrhage,  and  such  complications  as  mutila- 
tion of  the  face  and  features,  but  after  all  are  attended  with  comparatively  little  mis- 
chief of  a  permanent  nature  to  the  encephalon.  The  horribly  complicated  fractures 
and  mutilations  produced  by  collisions  of  massive  projectiles  with  the  head  are 
followed  by  speedy,  if  not  by  instant,  death  of  the  patients  on  the  ground  where  they 
have  received  their  injuries.  They  do  not  come  under  hospital  treatment.  The 
majority  of  head  wounds  that  are  brought  to  military  hospitals  from  fields  of  action 
are  caused  by  rifle-bullets,  and  exhibit  no  such  extensive  disfigurements  as  those 
usually  seen  in  the  civil  hospitals ;  while  not  improbably  the  condition  of  a  patient 
with  a  wound  of  this  kind  is  as  grave  as  if  his  head  had  been  beaten  by  repeated 
blows  with  a  hammer  or  crushed  by  a  carriage-wheel.  The  experience  of  the  civil 
surgeon  leads  him  to  entertain  the  idea  of  a  fatal  issue  only  when  the  usual  evidences 
of  deep  and  extensive  mischief  are  obvious  to  sight ;  the  experience  of  the  military 
surgeon,  who  does  not  forget  what  extensive  damage,  concealed  from  view,  may 
attend  the  stroke  of  a  rifle-shot,  leads  him  always  to  hesitate  in  forming  a  favourable 
prognosis,  however  limited  a  gunshot  injury  may  appear  to  be  on  first  observation. 

As  regards  the  effects,  too,  on  the  structures  directly  implicated  in  the  injuries, 
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the  difference  in  those  produced  by  the  ordinary  causes  of  such  injuries  in  civil  life, 
and  those  produced  by  military  projectiles,  is  very  marked.  In  a  considerable  pro- 
portion of  the  wounds  of  the  head  which  are  presented  in  civil  practice,  they  are  not 
only  not  complicated  with  deep  lesions  of  a  serious  nature,  but  the  violence  which 
has  caused  the  injury  is  not  in  excess  of  the  restorative  powers  of  the  structures 
injured  ;  the  inflammation  which  follows  is  of  a  reparative  kind.  On  the  other 
hand,  in  by  far  the  greater  number  of  cases  which  occur  in  military  practice,  the 
violence  which  has  caused  the  injury  is  in  excess  of  the  restorative  powers  of  the 
structures  directly  injured ;  the  inflammation  which  follows  is  of  an  unhealing 
character,  local  sloughing  occurs,  and,  combined  with  the  effects  of  the  violent  con- 
cussion, perhaps  contusion,  done  to  the  deeper  structures,  the  way  is  prepared  for  the 
occurrence  of  diffused  meningitis,  cerebritis,  the  formation  of  deeply-seated  abscesses, 
and  other  remote  consequences  of  the  gravest  kind. 

Of  indirect  injuries,  fractures  of  the  base  or  of  other  parts  of  the  cranium  by 
counterstroke,  such  as  are  caused  by  falls  from  considerable  heights,  and  which  are 
of  so  fatal  a  nature  in  civil-hospital  practice,  comparatively  few  examples  are  met 
with  in  military  field  practice.  This  is  only  what  might  be  expected  from  consider- 
ing the  manner  in  which  gunshot  injuries  of  the  head  are  usually  produced  in  battle. 

The  complications  of  gunshot  fractures  are  very  numerous,  and  often  several  of 
them  are  present  together.  As  primary  complications  may  be  mentioned — haemor- 
rhage, external  and  intracranial ;  cerebral  concussion,  contusion,  and  compression, 


Fig.  52. 
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calvarimn  showing  the  opening  of  entrance  of  B,  calvarium,  showing  the  opening  of  exit  of  a 

"  a  round  pistol  ball.    ( From  a  preparation  in  the  round  pistol-ball.    (Prom  the  same  preparation 

Army  Medical  Museum  at  Netley.)  as  is  depicted  in  the  adjoining  sketch  A.) 


together  with  the  effects  resulting  from  these  conditions,  as  paralysis ;  the  laceration 
of  cerebral  membranes ;  protrusion  of  portions  of  cerebral  substance ;  presence  of 
foreign  bodies,  such  as  hair,  bits  of  caps  or  other  coverings  of  the  head,  bullets,  frag- 
ments of  bone,  which  may  be  lodged  at  or  near  the  seat  of  fracture,  or  in  any  part  of 
the  brain-substance.  As  secondary  complications  may  be  enumerated  erysipelas; 
meningitis;  cerebritis;  cerebral  irritation ;  effusion  of  serum;  necrosis  and  exfolia- 
tions of  bone  ;  purulent  collections  ;  and  pyaemia. 

The  appearances  presented  externally  by  the  openings  of  entrance  and  exit  in  the 
cranium  after  a  perforating  wound  of  the  head,  in  the  one  case  by  a  round  ball,  and 
in  the  other  by  a  conoidal  rifle-ball,  are  shown  in  the  above  drawings. 

Fig.  52  is  copied  from  the  calvarium  of  an  officer  who  was  killed  by  a  large  duel- 
ling pistol-ball.  The  regular  defined  opening  of  entrance  in  A,  corresponding  with 
the  projectile  itself  in  form  and  size,  is  well  marked,  as  is  also  the  larger  and  bevelled 
aspect  of  the  wound  of  exit  in  b.    The  absence  of  fissures  is  worthy  of  note. 

The  next  figure,  53,  is  copied  from  the  calvarium  of  a  soldier  who  was 
wounded  in  the  head  by  a  rifle  shot  in  the  trenches  before  Sebastopol  in  1855.  The 
patient  survived  the  injury  eight  hours.  As  in  the  former  instance,  the  edges  of  the 
opening  of  entrance  are  sharp  and  defined,  while  that  of  exit  is  larger  and  more 
irregular.  The  bullet  in  this  case  struck  the  head  obliquely,  and  hence  the  elongated 
form  of  the  opening,  closely  approximating  to  the  outline  of  the  conoidal  projectile 
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in  one  of  its  longer  diameters.  The  chief  part  of  the  bone  carried  from  the  entrance 
wound  into  the  cranium  was  again  carried  out  of  the  cranium  through  the  exit 
wound  with  the  bullet,  for  only  a  few  small  spiculse  were  found  inside  the  cranium 
after  death.  This  fact,  no  doubt,  influenced  the  size  and  shape  of  the  aperture  of 
exit.  The  fissure  joining  the  two  apertures,  and  the  fissures  radiating  from  the 
apertures  themselves,  indicate  the  great  commotion  to  which  the  whole  of  the 
wounded  side  of  the  calvarium  has  been  subjected.  The  greater  amount  of '  starring  ' 
at  the  wound  of  exit  may  be  in  part  due  to  diminished  momentum  in  the  projectile. 

It  is  a  noticeable  fact  of  practical  interest  that,  when  a  bullet  penetrates  the 
cranium,  the  condition  of  the  opening  in  the  inner  table  usually  differs  from  that  in 
the  external  table  in  being  larger,  more  jagged  and  irregular  in  outline,  and  in  having 
cracks  extending  from  its  margins.  Sometimes  small  pieces  of  the  inner  table  are 
completely  detached  near  the  wound  of  entrance.  The  extent  to  which  the  greater 
damage  done  to  the  inner  table  may  exist  varies  considerably  in  different  cases,  and 
cannot  be  diagnosed  from  the  condition  or  appearances  of  the  outer  table.  In  like 
manner,  in  cases  where  a  projectile  has  only  inflicted  a  partial  fracture  of  the  outer 
table,  there  will  sometimes  be  found  a  relatively  extensive  Assuring,  depression,  or 
even  complete  separation  of  laminae  of  the  internal  table;  and  in  occasional  cases, 
even  where  no  apparent  injury  of  the  external  table  has  happened,  or  at  most  only 
contusion,  similar  conditions  of  fracture  of  the  inner  table  have  been  met  with. 
These  differences  used  to  be  explained  by  the  inner  or  vitreous  table  being  more 
brittle  than  the  outer.    Mr.  Teevan,  however,  showed  that  the  real  cause  of  a  greater 
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A,  calvarium,  showing  the  apertures  of  entrance  B,  the  same  calvarium.   The  wound  of  exit  and 
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amount  of  injury  being  done  to  the  inner  table  in  such  cases  was  not  its  brittleness, 
but  was  merely  the  direction  in  which  the  force  had  been  applied.  The  fact  of  the 
missile  striking  the  craniu  from  without  caused  temporary  compression  of  the 
particles  of  the  outer  table,  distension  of  those  of  the  inner  table,  and  necessarily 
the  bone  gave  way,  and  became  more  extensively  fissured  at  the  surface  subjected 
to  the  force  of  extension,  just  as  a  stick  breaks  on  the  side  opposite  to  that  to 
which  the  pressure  is  applied  when  it  is  bent  across  the  knee,  or  as  cracks  may  be 
seen  in  the  under  surface  of  a  thin  sheet  of  ice  from  pressure  upon  it  when  none 
have  occurred  on  the  tipper  surface.  Mr.  Teevan  proved  that,  if  the  violence  were 
applied  from  the  opposite  direction,  the  appearances  described  would  be  reversed. 
On  striking  the  inside  of  a  skull  by  a  hammer  with  a  moderate  amount  of  force, 
fracture  of  the  external  table  could  be  produced  without  any  fracture  or  Assuring  of 
the  inner ;  and  so,  in  the  case  of  a  bullet  traversing  the  skull,  more  separation  and 
Assuring  of  the  outer  table  would  occur  than  would  be  found  in  the  inner  table, 
at  the  wound  of  exit.'' 

Classification.' — Gunshot  injuries  of  the  head  have  been  divided  in  the  official 
form  of  classification  for  army  returns  into  (1)  contusions  and  wounds  of  the  scalp 

1  See  'Experimental  Inquiries  into  certain  Wounds  of  the  Skull,'  See.,  by  W.  F. 
Teevan,  F.R.C.S.,  of  the  West  London  Hospital,  in  the  Brit,  and  For.  Medko-CMrurgtcal 
Review,  for  July  1864  and  July  1865. 
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without  fracture  of  bone ;  (2)  similar  injuries  with  fracture  of  the  outer,  inner,  or 
both  tables,  without  depression ;  (3)  injuries  with  fracture  and  depression ;  (4) 
wounds  with  fracture  and  depression  in  which  the  projectile  has  penetrated  the 
cranium  ;  and  (5)  those  in  which  the  cranium  has  been  perforated  by  the  projectile. 
In  the  4th  variety  one  opening,  in  the  5th  two  openings,  must  have  been  made  in 
the  cranium.  The  4th  order  includes  wounds  which  differ  very  greatly  in  their 
degrees  of  gravity,  for  the  projectile  may  be  arrested  at  or  near  the  opening  in  the 
cranium  without  wounding  the  dura  mater,  and  the  sac  of  the  arachnoid  escape  from 
being  opened ;  or  the  dura  mater  may  be  wounded,  and  the  arachnoidean  cavity 
opened — the  projectile  still  remaining  within  easy  access  for  extraction  :  or  the  pro- 
jectile may  pass  deeply  into  the  brain  and  lie  beyond  discovery.  A  case  of  the  first 
of  these  three  kinds  is  relatively  a  favourable  one ;  of  the  second,  is  grave  in  the 
extreme  ;  of  the  third,  is  almost  inevitably  fatal. 

Injuries  of  the  head  without  fracture  of  bone. — These  may  consist  of  simple  con- 
tusions and  wounds  of  the  soft  parts,  or  they  may  be  severe  and  complicated  with 
injury  of  the  cranium  short  of  fracture,  or,  in  addition,  of  its  contents. 

Contusions  confined  to  the  integuments  of  the  cranium  can  rarely  occur  from 
direct  projectiles,  though  they  may  be  met  with  from  those  of  the  indirect  kind. 
The  force  of  a  rifle-ball  must  be  very  nearly  expended  before  striking  the  head  to 
produce  neither  a  scalp  wound  nor  contusion  of  bone.  When  a  soldier  is  brought  to 
a  surgeon  with  a  history  that  he  has  been  struck  by  a  fragment  of  shell,  a  piece 
of  stone  from  a  parapet,  or  some  unknown  projectile,  especially  when  the  force  of 
the  injury  has  been  partly  broken  by  the  man's  shako  intervening,  if  no  symptoms 
of  concussion  or  compression  exist,  if  on  examination  only  bruising  of  the  scalp  and 
moderate  ecchymosis  can  be  distinguished,  the  hope  may  be  entertained  that  the 
injury  is  limited  to  the  obvious  contusion  of  the  integuments.  The  absence  of  the 
usual  symptoms  must  be  the  chief  source  of  belief  that  no  complication  exists,  but 
even  this  cannot  be  wholly  relied  upon  as  a  proof  that  no  further  injury  has  been 
caused  by  the  blow.  The  diagnosis  of  gunshot  injuries  of  this  order,  if  the  contusion 
be  severe— and  it  may  be  of  every  degree,  from  a  superficial  bruise  to  such  crushing 
that  gangrene  is  the  result — must  always  contain  elements  of  uncertainty.  They 
are  often  attended  with  a  large  amoiint  of  effused  blood,  and  the  extravasations  may 
assume  all  the  various  characters  which  are  common  to  such  extra-cvanial  effusions, 
according  to  their  anatomical  sites.  In  all  cases  of  this  kind  the  difficulty  of  deter- 
mining whether  mischief  has  been  done  to  the  parts  covered  by  the  integuments  is 
manifestly  increased. 

In  the  majority  of  instances,  the  injury  done  by  gunshot  contusions  of  the  in- 
teguments will  not  be  limited  to  these  structures,  but  will  be  accompanied  with 
more  or  less  injury  to  the  cranium.  The  consequences  will  vary  according  to  the 
degree  of  contusion  to  which  the  bone  has  been  subjected.  If  it  be  slight,  the  effects 
may  pass  off  under  mild  treatment ;  if  severe,  inflammation  may  arise,  abscess  under 
the  scalp  may  occur,  and  necrosis  of  bone  may  follow.  The  issue  of  a  particular 
case  of  the  latter  kind  will  depend  on  the  limits  of  the  inflammatory  mischief  which 
has  been  excited  ;  whether  its  effects  be  confined  to  the  structure  directly  injured,  or 
become  diffused ;  whether  it  extends  to  the  membranes  within  the  cranium  ;  or 
whether  from  the  veins  of  the  diploe'tic  structure  becoming  implicated,  it  leads  to 
purulent  infection. 

A  large  proportion  of  cases  of  gunshot  contusion  of  the  head  will  be  further 
complicated  with  more  or  less  cerebral  mischief.  Generally  signs  of  concussion  of 
the  brain  follow  the  injury.  These  may  be  slight  and  evanescent,  or  prolonged  in- 
sensibility may  follow,  and  this  may  terminate  fatally.  In  many  cases  when  the 
concussion  has  seemed  to  be  moderate  in  degree,  and  the  stage  of  reaction  to  have 
been  passed  through  favourably,  soldiers  are  disabled  for  further  military  service. 
Examples  of  this  kind  are  often  seen  among  military  invalids.  The  histories  sent 
with  the  patients  show  that  they  were  so  little  overcome  by  the  effects  of  the  injury 
at  the  time  of  its  infliction,  that  they  were  able  shortly  afterwards  to  walk  to  a  field- 
hospital,  and  themselves  to  give  an  account  of  the  injury  that  they  had  sustained, 
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and  yet  that  they  had  remained  under  treatment  for  long  periods,  and  eventually  had 
to  be  invalided  to  England.  They  may  appear  robust,  their  bodily  functions  may  be 
regular,  but  without  any  physical  cause  obvious  to  surgical  inspection  they  stdl 
suffer  fi'om  headache,  vertigo,  occasional  fits  of  nervousness  and  palpitation,  disturb- 
ance of  some  of  the  mental  faculties,  susceptibility  to  cerebral  derangement  from 
slight  sources  of  excitement,  and  capricious  irritability  of  temper :  and  these 
symptoms  may  last  for  years,  if  not  for  the  whole  period  of  life.  It  seems  probable 
that  in  many  of  these  instances  some  local  intracranial  lesion  attended  the  original 
injury ;  in  others  the  conditions  resulting  from  circumscribed  meningeal  inflamma- 
tion may  explain  the  persistence  of  the  symptoms. 

Lastly,  these  contused  injuries  without  breach  of  continuity  in  the  coverings  and 
without  fracture  of  bone,  are  occasionally  accompanied  by  obvious  mischief  to 
the  encephalon  of  the  gravest  kind.  General  congestion  of  the  vessels  of  the  brain 
and  its  membranes  may  be  found  after  death.  Parts  of  the  brain  may  present  indi- 
cations of  contusion,  its  substance  may  be  marked  by  numerous  points  of  extrava 
sated  blood,  or  blood-vessels  may  have  been  ruptured  on  its  surface.  These  con- 
ditions sufficiently  express  the  violent  agitation  to  which  the  contents  of  the  cranium 
have  been  subjected  by  the  impact  of  the  projectile. 

Open  wounds  of  the  integuments  of  the  cranium  without  fracture  are  usually  in- 
flicted by  projectiles  which  are  brought  into  contact  with  the  head  at  a  very  acute 
angle,  so  that  not  only  is  bone  not  broken,  but  little  direct  injury  to  the  brain  or 
its  membranes  is  inflicted,  and  the  surgeon's  attention  need  only  be  directed  to  the 
same  considerations  as  must  occur  in  any  open  contused  wounds  of  the  scalp  from 
other  causes  than  gunshot.  The  vast  experience  gained  during  the  civil  war  in  the 
United  States  has  shown  that  the  proportion  of  gunshot  wounds  of  the  scalp,  uncom- 
plicated by  direct  injury  to  the  skull  or  its  contents,  is  much  greater  in  warfare 
than  was  previously  supposed.  No  less  than  7,739  such  cases  are  tabulated  in  the 
History  of  the  War,  and  the  records  show  that  among  all  the  injuries  of  the  head  that 
came  under  hospital  treatment  in  the  United  States,  the  wounds  of  the  soft  parts 
considerably  outnumbered  the  fractures.  When  the  pericranium  as  well  as  the  scalp 
is  removed  by  a  musket-ball,  superficial  as  the  injury  may  still  seem,  there  must 
always  be,  not  only  a  certain  degree  of  injury  to  the  bone  from  which  it  is  torn,  but 
also  laceration  of  the  vessels  which  inosculate  with  the  nutritive  capillaries  of  the  diploe, 
and,  through  them,  some  damage  to  the  vessels  of  the  meninges  with  which  they  are 
connected.  The  injury  to  this  vascular  system  almost  in  variably  leads  to  necrosis 
of  the  portion  of  the  skull  from  which  the  coverings  are  carried  away ;  and  some- 
times, even  when  the  pericranium  is  not  torn  off,  but  there  is  much  contusion  of  the 
bone,  sufficient  inj  ury  is  inflicted  to  lead  to  a  like  result.  The  death  of  bone  is 
generally  limited  to  a  thin  layer  of  the  outer  table,  which  in  due  time  exfoliates,  and 
cicatrisation  follows  ;  but  it  may  reach  both  tables  and  various  secondary  lesions  may 
be  the  consequence.  In  the  Army  Museum  at  Netley  is  a  large  circular  sequestrum, 
nearly  six  inches  in  diameter,  consisting  almost  entirely  of  the  external  table  from 
the  two  parietal  bones,  with  here  and  there  portions  of  cliploe'tic  structure,  and  in 
one  small  spot  comprehending  both  tables.  This  followed  contusion  of  the  skull  at 
the  battle  of  the  Alma,  by  a  fragment  of  shell,  without  open  wound  or  fracture. 
Six  months  after  the  date  of  the  injury,  in  England,  he  accidentally  received  a  blow 
on  the  head  from  the  handle  of  a  box,  when  a  swelling  which  had  formed  over  the 
site  of  the  original  injury  was  ruptured  and  a  large  quantity  of  pus  evacuated. 
Various  cerebral  symptoms  occurred  while  the  necrosed  bone  was  in  process  of  ex- 
foliation, but  the  man  eventually  recovered.  The  Museum  contains  other  sequestra 
caused  by  similar  injuries,  in  which  the  whole  thickness  of  the  bone  is  included. 
Even  when  the  exfoliation  is  superficial,  and  the  wound  in  the  scalp  has  healed  in 
due  course,  liability  to  headache,  tendency  to  giddiness,  inability  to  wear  a  shako, 
or  to  bear  exposure  to  a  tropical  sun,  are  frequent  consequences  which  unfit  the 
patient  for  performing  military  duty. 

Injury  may  happen  in  these  cases  to  the  vessels  ramifying  between  the 
inner  surface  of  the  cranium  and  the  dura  mater.      There  may  be  rupture  of  a 
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sinus  leading  to  compression.  The  case  of  a  young  soldier  in  whom  the  longitudinal 
sinus  was  thus  ruptured  occurred  to  the  writer.  In  this  instance  a  rifle-bullet  had 
divided  the  scalp  and  pericranium  about  four  inches  in  length  obliquely  across  the 
skull,  just  anterior  to  the  angle  of  the  lambdoidal  suture,  the  posterior  end  of  the 
sagittal  suture  being  exposed  midway  in  the  line  of  the  wound.  The  patient 
vomited  at  the  instant  of  the  blow,  and  symptoms  of  compression,  mixed  with  some 
of  concussion,  soon  followed.  He  died  eleven  hours  after  the  injury.  At  the  post- 
mortem examination,  the  superior  longitudinal  sinus  was  found  to  be  ruptured,  and 
about  four  ounces  of  coagulated  blood  were  lying  on  the  brain.  Two  darkly-con- 
gested spots  were  observed  in  the  cerebrum,  one  on  each  hemisphere,  corresponding 
with  the  line  of  direction  in  which  the  ball  had  passed,  and  these,  when  cut  into, 
presented  the  usual  characters  of  ecchymoses.  There  was  no  fracture  of  bone.  The 
case  may  be  found  detailed  at  some  length  in  the  'Lancet,'  vol.  i.  1855.  Gunshot 
wounds  of  the  soft  parts  maybe  directly  complicated  with  injury  to  the  cranium  or  its 
contents,  though  no  fracture  has  occurred,  and  serious  consequences  may  follow  like 
those  already  mentioned  in  speaking  of  similarly  complicated  gunshot  contusions. 
But,  irrespective  of  the  hazards  belonging  to  direct  injury  of  the  bones  of  the  head 
and  the  encephalon,  gunshot  wounds  of  the  scalp  are  attended  with  various  other 
sources  of  danger  to  life.  Among  the  cases  of  this  kind  recorded  in  the  History  of  the 
United  States'  War,  122  were  followed  by  fatal  results  in  which  death  is  attributed  to 
the  effects  of  the  wound  ;  some  form  of  encephalitis  being  the  proximate  cause  in  98 
cases,  and  such  complications  as  erysipelas,  gangrene  and  pyaemia  in  24  cases.  The 
occurrence  of  these  and  other  complications  to  which  contused  wounds  of  the  scalp 
are  liable  will  be  found  treated  elsewhere.    (See  Injuries  of  the  Head.) 

Injuries  complicated  with  fracture  o  f  the  cranium,  but  without  depression. — These 
are  very  rare  accidents,  if  the  term  '  without  depression '  be  taken  absolutely,  for 

Fig.  54.  Fig.  55. 


Portion  of  a  parietal  bone  showing  (a)  depression  after 

exfoliation  of  a  small  portion  of  the  external  table.  Interior  view  of  the  same  segment  of  bone,  showing  at 

The  appearance  at  a  is  partly  due  to  some  adherent  b  a  healed  fracture  of  a  portion  of  internal  table, 

fibrous  tissue  which  has  been  dried  in  situ  in  the 
preparation. 


obviously  when  a  missile  has  force  to  fracture  a  bone  completely,  it  must  in  almost 
every  instance  at  the  same  time  depress  it.  It  is  only  in  exceptional  kinds  of 
fracture,  like  fissured  fracture,  that  depression  can  be  entirely  absent.  With  these,  as 
with  other  classes  of  cranial  fracture,  there  may,  or  may  not  be,  an  open  wound  of 
the  soft  coverings.  When  these  accidents  occur  without  an  open  lesion  of  the 
integument,  and  the  fractures  are  of  moderate  extent,  in  consequence  of  their  being 
almost  necessarily  accompanied  with  a  great  amount  of  subtegumentary  ecchymosis, 
the  diagnosis  is  scarcely  possible,  and  must  remain  uncertain  unless  local  changes  in 
a  later  period  of  the  case  enable  it  to  be  established,  or  death  affords  the  opportunity 
of  demonstration.  Figs.  54  and  55  represent  an  interesting  example  of  this  class 
of  injury;  they  are  drawn  from  a  specimen  (No.  2884)  in  the  Army  Medical 
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Department  Museum  at  Netley.  The  preparation,  which  consists  of  a  portion  of 
the  left  parietal  bone,  was  taken  from  a  soldier  of  the  80th  Regiment  who  received 
a  severe  contusion  of  the  head  from  a  glancing  cannon-shot  at  the  battle  of  Feroze- 
shah,  in  1845.  When  first  surgically  examined  after  the  wound,  there  was  great 
tumefaction  from  ecchymosis,  but  there  was  no  breach  in  the  scalp,  nor  any  marked 
disturbance  of  cerebral  function.  No  fracture  was  detected.  Suppuration  and 
exfoliation  of  the  outer  table  to  a  limited  extent  followed,  after  which  the 
patient  recovered,  and  returned  to  his  duties  as  a  soldier.  He  was  still  serving  in 
the  ranks  when,  in  June  1851,  five  years  and  a  half  after  his  wound,  the  man  died 
of  dysentery  at  Dinapore.  It  was  then  discovered  that  there  had  been  a  fracture  of 
the  internal  table.  Its  seat  corresponded  with  the  indentation  which  had  been  left 
after  the  exfoliation  from  the  external  table.  The  fragment  measured  one  inch 
across  in  one  direction  and  nearly  an  inch  in  the  opposite  line,  and  had  only  main- 
tained its  connection  with  the  rest  of  the  inner  table  by  a  narrow  isthmus  of  sound 
bone.  Its  edges  had  become  smoothed  off,  and  were  reunited  to  the  old  bone.  On 
passing  the  finger  over  the  inner  table  in  this  specimen  only  the  slightest  depression 
at  one  part  of  the  circumference  of  the  broken  portion  can  be  perceived,  certainly 
none  sufficient  to  exert  any  pressure  on  the  brain  ;  but  Mr.  Taylor,  then  surgeon  of 
the  80th  Regiment,  who  made  tbe  post-mortem  inspection,  has  recorded  that  'there 
was  a  slight  depression  in  the  cerebral  substance  and  membranes  of  the  brain  oppo- 
site to  the  seat  of  fracture.  This  part  of  the  brain  presented  a  dark  and  vascular 
appeai^ance,  but  there  was  no  thickening  of  the  membranes  nor  any  traces  of  effused 
lymph.'  Could  the  appearance  in  the  brain  have  resulted  from  the  effects  of  an 
impression  made  on  it  at  the  time  while  its  substance  was  swollen,  in  consequence  of 
contusion  to  which  it  had  been  subjected  near  the  seat  of  cranial  injury,  or  had  the 
broken  segment  of  the  inner  table  been  originally  more  depressed,  but  the  depression 
lessened  as  close  union  with  the  adjoining  bone  had  become  consolidated'? 

If  the  cranial  fracture,  under  similar  circumstances  of  the  integuments  being 
unopened,  be  extensive  and  comminuted,  and  involve  both  tables,  the  nature  of  the 
injury  is  obvious  enough  on  first  examination,  but  in  such  cases  death  is  usually 
instantaneous.  The  case  of  an  officer  who  was  thus  killed  by  a  round  shot  is 
mentioned  in  Dr.  Macleod's  '  Notes  of  the  Crimean  War.'  The  scalp  was  not  cut, 
almost  uninjured,  but  the  skull  was  extensively  comminuted. 

The  chief  varieties  of  gunshot  fractures  without  depression  consist,  firstly,  of 
simple  furrowing  of  the  outer  table  without  injury  to  the  inner  ;  secondly,  of  split- 
ting of  the  internal  table  without  fracture  of  the  outer  table  ;  thirdly,  of  fissure 
extending  through  both  tables  to  a  greater  or  less  degree  of  length,  or  of  several 
fissures  in  distinct  lines ;  fourthly,  of  excavation  and  removal  of  a  portion  of  both 
tables  without  depression  of  the  edges  of  the  opening ;  and,  fifthly,  of  comminution  of 
both  tables  at  the  place  the  missile  has  struck  in  such  small  portions  that  they  lie 
loosely  on  the  dura  mater  without  pressure  or  much  alteration  in  the  general  outline 
of  the  cranial  curve.  The  only  ground  in  the  first  three  of  these  varieties  for  pre- 
suming that  no  depression  upon  the  cerebrum  has  taken  place  must  be  the  absence 
of  the  usual  symptoms  of  compression ;  for  it  is  well  known  that  simple  observation 
of  the  injury  to  the  outer  table,  whether  by  sight  or  touch,  will  by  no  means  lead  to 
a  certain  knowledge  of  the  amount  of  injury,  or  change  of  position,  effected  in  the 
inner  table.  All  that  we  have  a  right  to  conclude  is  that  the  brain  is  not  pressed 
upon  to  such  an  extent  as  to  interrupt  its  functions. 

When  simple  removal  of  a  portion  of  the  outer  surface  of  the  skull  has  been 
caused  by  the  passage  of  a  bullet  or  other  missile,  the  wound  will  occasionally,  but 
very  rarely,  heal  without  any  untoward  symptom.  When  such  a  wound  terminates 
so  favourably,  a  layer  of  the  exposed  surface  of  bone  usually  exfoliates  and  the  granu- 
lating surface  gradually  becomes  cicatrised.  But  such  injuries  may  be,  and,  indeed, 
are  frequently  followed  by  inflammation  which  extends  through  the  diploe'tic 
structure,  and  then  not  improbably  abscess  will  take  place  between  the  internal 
table  and  dura  mater  ;  and,  at  the  same  time,  as  a  consequence  of  vascular  supply 
through  the  diploe  being  stopped,  and  partly  also  from  the  effects  of  the  original 
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contusion,  necrosis  of  the  inner  table  is  likely  to  occur.    By  this  means  a  way  of 
escape  for  the  matter  beneath  the  bone  is  afforded.    In  the  '  Surgical  History  of  the 
United  States'  War,'  Dr.  Otis  expresses  a  doubt  whether  any  form  of  fracture  of  the 
outer  table  ever  occurs  in  adults  from  gunshot  without  injury  to  the  inner  table. 
He  refers  to  138  instances  of  alleged  fracture  of  the  external  table  alone  reported 
by  surgeons  during  the  war,  but  after  careful  examination,  is  disinclined  to  admit  the 
correctness  of  diagnosis  in  any  of  them,  excepting  where  the  missile  had  happened 
to  strike  the  outer  wall  of  a  frontal  sinus,  or  impinge  upon  the  mastoid  process.  In 
these  two  situations  the  separation  between  the  two  tables  will  of  course  render  such 
an  occurrence  easy.    The  difficulty  is  to  establish  a  sure  diagnosis  in  the  cases  of 
superficial  fracture  of  the  fiat  bones  which  are  followed  by  recovery.    Among  the 
collection  of  gunshot  fractures  in  the  Museum  of  the  Army  Medical  Department  at 
Netley  is  a  calvarium  showing  a  furrowed  deficiency  of  the  outer  table  of  the  right 
parietal  bone,  just  such  as  might  be  made  by  a  bullet  which  had  ploughed  along  the 
part,  with  the  vitreous  table  intact.    The  depression  or  furrow  is  2^  inches  in  length. 
Along  its  deepest  part  the  whole  of  the  diploe'tic  structure,  as  well  as  the  outer 
table,  have  gone ;  only  the  internal  table  is  left.    The  bone  is  here  so  thin  that 
when  the  calvarium  is  held  between  the  eye  and  the  light,  the  grooved  part  is  quite 
translucent.    All  the  rest  of  the  calvarium  is  quite  normal.    The  edges  of  the  furrow 
are  irregularly  elevated  and  nodulated  by  growth  of  new  bone,  while  the  whole  of 
its  surface  and  that  of  its  borders  are  close  in  texture,  eburnated  in  spots,  and  every- 
where quite  smooth,  all  showing  that  exfoliation  had  taken  place,  and  that  the  heal- 
ing process  had  been  completed  long  before  the  specimen  was  removed  for  preserva- 
tion.   Notwithstanding  all  the  activity  in  the  outer  table  and  diploe  thus  indicated, 
the  inner  table  exhibits  no  signs  of  having  been  inflamed,  and,  indeed,  is  in  no 
respect  different  from  the  rest  of  the  inner  surface  of  the  calvarium.    The  grooves 
for  branches  of  the  meningeal  artery  cross  the  part,  but  there  is  no  difference  between 
them  and  those  of  the  opposite  side.    Unfortunately,  as  in  so  many  others  of  the 
older  preparations  in  this  Museum,  the  history  of  the  injury  has  not  been  preserved. 

Fissured  fracture  of  the  inner  table,  without  external  evidence  of  the  fracture,  is 
rarely  witnessed,  but  various  instances  of  it  have  been  noted.    Such  a  case  occurred 
in  the  55th  Eegiment  in  the  Crimea.    The  soldier  bad  a  wound  of  the  scalp  along 
the  upper  edge  of  the  right  parietal  bone.    A  bullet  in  passing  had  denuded  the 
bone  and  marked  a  black  line  upon  it ,  but  there  was  no  depression,  nor  appearance 
of  fracture.    The  man  walked  to  camp  from  the  trenches  without  assistance,  and 
there  were  no  cerebral  symptoms  on  his  arrival  at  hospital.    Five  days  afterwards 
there  was  general  oedema  of  the  scalp  and  right  side  of  face,  the  wound  became 
unhealthy,  and  slight  paralysis  of  the  left  side  was  noticed.    The  next  day  hemi- 
plegia was  more  marked,  convulsion  and  coma  followed,  and  he  died  on  the  thir- 
teenth day  after  the  injury.    At  the  post-mortem  inspection,  the  dura  mater  was 
not  found  to  be  wounded,  but  the  membranes  were  inflamed,  and  a  clot  of  blood, 
distinctly  circumscribed,  existed  in  the  brain,  extending  in  depth  to  the  roof  of  the 
lateral  ventricle,  the  cerebral  substance  around  being  softened.    The  internal  surface 
of  the  bone  appeared  quite  sound  on  first  examination,  but  after  the  calvarium  had 
been  macerated  the  fissure,  about  half  an  inch  in  length,  of  the  internal  table  was 
discovered.    It  coincided  in  direction  with  the  track  of  the  bullet.    The  calvarium 
was  presented  by  Dr.  Cowan,  55th  Regiment,  to  the  Museum  of  the  Army  Medical 
Department,  and  is  now  in  the  collection  at  Netley.    It  seems  probable  that  many 
such  capillary  fissures  may  occur  in  superficial  guushot  injuries  of  cranial  bones 
followed  by  recovery  without  their  existence  being  susj)ected.    Dr.  Demme  has 
recorded  that  he  saw  four  cases  which  occurred  during  the  campaign  of  1859  in 
Italy,  in  which  injury  to  the  internal  table  was  discovered  by  examination  post- 
mortem, without  any  apparent  injury  to  the  outer  table,  and  in  one  of  these,  two 
inches  square  of  the  inner  table  had  become  detached.    Ten  examples  of  this  in- 
teresting variety  of  cranial  fracture,  which  occurred  during  the  War  of  the  Rebellion 
in  the  United  States,  are  preserved  in  the  Army  Medical  Museum  at  Washington. 
One  of  these,  as  regards  symptoms,  resembled  the  Crimean  case  detailed  above. 
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There  were  no  signs  of  cerebral  disturbance  for  seven  days,  when  signs  of  compres- 
sion supervened,  and  death  followed.  A  fracture  of  the  internal  table  of  the  left 
parietal  bone  was  then  discovered.  In  this  case  the  dura  mater  had  been  wounded 
by  the  sharp  edge  of  the  fissured  bone,  and  abscess  had  occurred  in  the  left  cerebral 
hemisphere.  The  following  drawings  (figs.  56,  57)  illustrate  another  casein  which  a 
fragment  of  the  inner  table  of  the  frontal  bone,  an  inch  and  a  half  in  length  by  half 
an  inch  broad,  was  completely  detached,  without  there  being  any  fracture  of  the 
outer  table. 

Altogether  twenty  cases  in  which  the  inner  table  of  the  cranium  alone  was  frac- 
tured were  recorded  during  the  United  States'  war.  In  nineteen  the  patients  died,  and 
in  these  the  nature  of  the  injury  was  verified  post-mortem.  Death  resulted  from 
suppuration  beneath  the  dura  mater  in  thirteen,  from  pyaemia  in  two,  and  from  ence- 
phal  itis  and  brain-softening  in  four  of  these  instances.  In  the  twentieth  case,  where  the 
patient  survived,  and  in  which  only  a  torn  wound  of  the  scalp  by  a  conoidal  bullet 
was  exhibited  at  the  onset,  the  opportunity  of  establishing  the  nature  of  the  injury 
was  curiously  afforded  by  the  injured  part  becoming  necrosed  and  eliminated.  A 
piece  of  bone,  one  inch  and  a  half  in  length,  came  away  as  a  sequestrum  from  the 
posterior  part  of  the  right  parietal  near  the  occipitoparietal  suture.    It  included  its 


Fig.  56. — Exterior  view  of  a  portion  of      Fig.  57. — Reversed  view  of  the  same 
Frontal  Bone.  specimen. 


a.  Outer  table  contused,  but  not  fractured.1       b.  Portion  of  inner  table  fractured  and  completer;  detached.1 


entire  thickness,  and  the  vitreous  table  was  then  seen  to  be  fractured,  though  there 
was  no  lesion  of  the  external  table.  The  fragment  of  the  inner  table  was  depressed 
about  one  line.  The  dura  mater  was  not  injured.  The  sequestrum  (Spec.  4194, 
Sect.  1.)  is  preserved  in  the  Army  Medical  Museum  at  Washington. 

Capillary  fissured  fractures  extending  through  both  tables  of  the  skull,  without 
depression  from  the  effects  of  gunshot,  appear  to  be  rare  accidents.  Only  nineteen 
such  injuries  were  reported  out  of  more  than  12,000  gunshot  injuries  of  the  head 
during  the  United  States'  war,  and  the  historian  of  the  war,  Dr.  Otis,  expresses  his 
doubt  about  the  exactness  of  the  diagnosis  in  all  of  them.  The  passage  of  a  bullet 
may  fracture  and  very  slightly  depress  one  side  of  a  portion  of  the  outer  table  of  the 
cranium  without  perceptible  depression  elsewhere,  and  the  line  of  fracture  closely 
simulate  fissured  fracture  extending  through  both  tables ;  or  fissured  fracture  may 
be  seen  in  the  outer  table,  while  separation  or  depression  of  the  inner  table  exists 
concealed  from  view,  and  in  each  instance  a  wrong  diagnosis  be  arrived  at.  When 
fissured  fractur  e  exists,  the  distance  to  which  it  may  be  prolonged  is  often  unindicated 
by  any  physical  signs  or  general  symptoms.  A  striking  example  of  this  fact  was 
furnished  in  the  instance  of  an  ill-fated  member  of  our  own  profession. 

Dr.  ,  of  the  Bengal  medical  service,  was  wounded  at  Lucknow  in  1857,  by  a  frag- 
ment of  a  shell,  just  as  he  was  going  under  a  gateway.  The  missile  struck  him  at  the  back 
of  the  head  and  inflicted  a  lacerated  wound  near  the  upper  part  of  the  occiput.  The  un- 
consciousness which  immediately  resulted  from  the  stroke  of  the  projectile  quickly  and  com- 
pletely disappeared,  and  no  marked  cerebral  symptoms  followed.    lie  was  able  to  sit  up  in 

1  Specimen  No.  2313  iu  the  United  States'  Army  Medical  Museum.  See  Catalogue  of 
the  Surgical  Section,  p.  8. 
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his  bed,  and  freely  talked  about  his  own  case  and  the  differences  of  opinion  among  his 
brother  officers  respecting  it.  It  was  thought  by  some  that  fracture  existed ;  but  others, 
from  the  absence  of  symptoms  and  from  no  evidence  of  it  being  afforded  by  examination  with 
the  linger  or  probe,  were  of  opinion  that  there  was  no  fracture.    The  wound  was  inflicted 

just  toward  the  termination  of  the  siege,  and  a  few  days  after  its  occurrence  Dr.  had  to 

be  removed  with  the  garrison  to  the  Dilcousha  palace.  This  march  seemed  to  disturb  him 
considerably,  and  a  day  or  so  after  his  arrival  there  he  died.  An  extensive  fissured  fracture 
of  the  cranium  was  then  discovered. 

Such  fissures  may  occur  at  parts  remote  from  the  spot  directly  injured.  In  the 
case  of  a  lieutenant  of  the  1 1th  Hussars,  who  was  apparently  slightly  wounded  at 
Balaklava  in  the  middle  of  the  forehead  by  a  piece  of  shell,  a  fissured  fracture  was 
found  after  death  across  the  base  of  the  skull,  unconnected  with  the  primary  wound, 
and  seemingly  the  result  of  contre  coup.  Death  resulted  from  the  effects  of  suppura- 
tive inflammation  at  this  indirectly  injured  part  after  he  had  left  the  Crimea. 

The  gunshot  fractures  of  both  tables,  without  obvious  depression,  or  in  which 
the  usual  signs  of  bone  depression  and  cerebral  compression  are  absent,  beyond  the 
peculiar  partial  and  fissured  fractures  just  mentioned,  include  complete  fractures  of 
every  variety  as  to  form  and  extent.  No  less  than  2,911  such  fractures  are  tabulated 
in  the  '  Surgical  History  of  the  United  States'  War,'  the  recorded  deaths  among  this 
number  being  1,826,  or  64'6  per  cent. ;  excluding  84  cases,  the  results  of  which  were 
undetermined.  In  61  cases  of  contusion  and  fracture  without  known  depression 
in  the  Crimean  war,  the  deaths  were  23,  or  37-70  per  cent.  If  the  contusions  of  the 
skull  be  added  to  the  fractures  without  depression  in  the  United  States'  returns,  the 
mortality  ratio  is  not  so  much  lessened  as  might  be  expected ;  it  is  still  5 9 '6  per 
cent.  The  relatively  large  ratio  of  mortality  among  the  fractures  without  depression 
is  explained  by  many  speedily  fatal  cases,  in  which  no  accurate  diagnoses  were 
rendered,  being  included  in  the  deaths  without  known  depression. 

Wounds  complicated  with  fracture,  and  symptoms  of  depression  o?i  the  cerebrum 
without  lodgment  of  the  projectile. — These  gunshot  injuries  are  necessarily  very 
serious,  and  the  prognosis  must  always  be  unfavourable.  They  must  not  be  judged 
of  by  comparison  with  cases  of  fracture  with  depression,  often  without  an  open 
wound,  caused  by  such  injuries  as  are  usually  met  with  in  civil  practice.  The  severe 
concussion  of  the  whole  osseous  sphere  by  the  stroke  of  the  projectile,  the  intense 
injury  to  the  bony  texture  at,  and  immediately  surrounding,  the  spot  against  which 
it  has  directly  impinged,  the  destructive  contusion,  often  with  loss  of  substance,  of 
the  external  soft  parts,  so  that  the  wound  cannot  close  by  the  adhesive  process, 
which  usually  attend  gunshot  injuries,  constitute  very  important  differences  between 
them  on  the  one  side,  and  the  depressed  fractures  caused  by  instruments  impelled 
solely  by  muscular  force  on  the  other.  And,  as  happens  with  the  external  parts,  so 
also  the  damage  done  to  the  brain  withiu,  and  its  investments,  is  immensely  greater 
in  such  injuries  from  gunshot.  The  experience  of  the  Crimean  campaign  shows 
that  when  these  injuries  occurred  in  a  severe  form,  they  almost  invariably  proved 
fatal.  Of  76  recorded  cases  treated  in  hospital,  in  which  depression  of  bone 
only  existed,  without  penetration  or  perforation  of  the  cerebrum  by  the  projectile, 
55  proved  fatal,  or  72 -4  per  cent.  In  the  21  survivors,  the  amount  of  depres- 
sion is  stated  in  the  surgical  history  of  the  campaign  to  have  been  slight ;  yet 
of  these,  12  had  to  be  invalided  out  of  the  service,  and  9  only  were  able  to 
try  and  resume  duty.  In  the  returns  of  the  United  States'  war,  360  depressed 
fractures  of  which  the  issues  were  known  are  tabulated.  The  number  of  deaths 
among  them  was  129,  which  gives  a  ratio  of  only  35 '8  per  cent.  That  the  mortality 
among  gunshot  fractures  of  the  cranium,  with  known  depression,  should  be  so  much 
less  than  among  those  without  known  depression,  just  the  reverse  of ,  the  British 
hospital  experience  in  the  Crimea,  would  appear  strange,  were  it  not  for  the  explana- 
tion given  in  the  preceding  paragraph. 

In  the  French  Surgical  History  of  the  Crimean  War,  the  distinction  is  not  made 
between  fractures  with  and  those  without  depression.  Both  kinds  are  tabulated 
together.  In  Dr.  Chenu's  returns,  731  gunshot  fractures  of  the  cranium  are  shown, 
with  541  deaths,  or  a  mortality  ratio  of  74  per  cent. 
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With  depression  and  lodgment  of  the  projectile,  without  or  with  penetration  oj  the 
cerebrum. — When  a  bullet  which  has  power  not  only  to  fracture  but  also  to  depress 
a  portion  of  the  cranium,  becomes  lodged,  it  will  sometimes  be  arrested  in  its  progress 
at  the  opening  it  has  made,  but  more  frequently  will  pass  on  to  a  greater  or  less 
depth  beyond  it.  If  it  be  stopped  at  the  seat  of  fracture,  it  may  be  found  to  be 
entire,  though  altered  in  form  by  the  effects  of  the  opposition  it  has  met  with 
in  forcing  open  the  strong  and  arched  cranium,  and  crushing  the  bone  among  the 
fragments  of  which  it  is  caught  and  retained  j  or  it  may  be  found  to  have  been  held 
back  by  other  causes  in  addition  to  the  resistance  it  has  met  with  in  causing  the 
injury,  and  so  be  either  partially  or  wholly  divided.  The  generally  rounded  form 
of  the  cranium  causes  it  to  be  penetrated  by  small  projectiles  only  comparatively 
rarely  in  a  line  directly  perpendicular  to  the  part  struck.  Usually  the  projectile 
and  the  cranial  surface  come  into  collision  with  each  other  obliquely,  at  angles  vary- 
ing, however,  greatly  in  their  degrees  of  divergence.  Hence  it  happens,  when  a 
missile  striking  the  head  slantingly  has  had  momentum  enough  to  fracture  and  to 
drive  in,  to  a  certain  extent,  the  part  of  the  cranium  with  which  it  is  first  carried 
into  contact,  its  line  of  flight  becomes  deflected  by  the  resistance  it  has  met  with  into 
a  still  more  acute  angle  with  the  curve  of  the  cranium,  after  which,  proceeding  from 
a  somewhat  deeper  level,  its  onward  movement  carries  it  against  the  jagged  margin 
of  the  fixed  portion  of  bone  forming  the  upper  boundary  of  the  aperture  at  the  seat 
of  fracture.  When  this  happens,  the  bullet,  according  to  the  amount  of  progressive 
force  which  it  happens  to  have  at  the  time,  either  becomes  partly  cleft  and  is  held  in 
a  forked  form  on  the  bone  ;  or  a  large  part  of  it  is  retained  at  the  opening,  while  a 
small  portion  is  separated  and  carried  onward  ;  or  it  is  divided  into  two  nearly 
equal  parts.  In  this  last  event,  the  upper  half  of  the  ball  may  escape  altogether,  or 
be  caught  between  the  scalp  and  outer  surface  of  the  cranium  ;  the  inner  half,  in 
like  manner,  may  lodge  between  the  under  surface  of  the  cranium  and  dura  mater, 
or,  piercing  the  dura  mater,  may  lodge  in  the  cerebrum.  Every  campaign  furnishes 
a  series  of  examples  of  these  accidents.  Several  specimens  of  the  kind  are  in  the 
Army  Medical  Museum  at  Netley,  and  many  examples  are  preserved  in  the  United 
States'  Surgical  Museum  at  Washington. 

Figs.  58  arid  59  will  serve  to  illustrate  one  of  these  accidents,  which  occurred  in  the 
writer's  practice  in  the  Crimea.  The  case  presents  several  features  of  interest.  The 
patient,  a  young  soldier,  was  brought  up  from  the  trenches  before  Rebastopol  in  a  complete 
state  of  coma.  He  had  been  struck  on  the  right  side  of  the  head  by  a  glancing  bullet. 
There  was  a  scalp-wound,  fissured  fracture  of  the  bone,  and  slight  depression,  but  no  opening 
in  the  skull.  Some  minute  particles  of  brain-substance  had  been  squeezed  through  the 
fissure.  Trephining  was  immediately  performed.  No  relief  followed,  and  the  patient  died 
on  the  same  day.  At  the  post-mortem  inspection,  I  found  half  the  rifle-bullet  which  had 
inflicted  the  injury  in  the  brain,  just  above  the  orbital  plate  of  the  frontal  bone  on  the 
same  side.  The  divided  surface  of  the  bullet  presented  as  smooth  a  surface  as  if  it  had  been 
cut  by  a  sharp  knife.  In  this  instance  there  was  no  evidence  during  life  of  a  foreign  body 
having  penetrated  the  skull ;  as  soon  as  one-half  of  the  bullet  had  entered,  the  door,  as  it 
were,  through  which  it  had  forced  admittance  became  closed  ;  the  other  half  of  the  bullet 
escaped  altogether.  Did  the  depressed  portion  of  bone — which  was  only  fractured  through 
both  tables  fcr  about  three-fourths  of  its  extent,  the  remaining  part  of  the  line  of  fracture 
being  a  mere  capillary  fissure  confined  to  the  outer  table — spring  up  and  close  the  opening 
of  entrance  by  its  own  resilience,  or  was  this  closure  aided  by  the  counter-movement  of  the 
brain  aud  sudden  pressure  from  within  ?  The  superior  longitudinal  sinus  had  been  wounded 
by  the  sharp  edge  of  the  broken  inner  table,  and  a  quantity  of  blood  extravasated  over  the 
brain. 

In  the  case  quoted  the  half  of  the  bullet  which  had  passed  into  the  skull  was  found. 
Another  preparation  at  Netley  illustrates  a  similar  accident,  but  the  half  preserved 
is  the  one  which  had  passed  outside  the  skull.  It  is  from  a  Russian  soldier  killed  at 
Inkerman.  The  cranium  was  picked  up  on  the  ground  where  the  battle  was  fought, 
and  half  of  the  bullet  which  had  fractured  and  left  an  opening  in  the  skull  was  still 
lying  under  the  dried  scalp,  between  it  and  the  bone,  at  a  distance  of  an  inch  and  a 
half  above  the  site  of  the  wound.  Fragments  of  lead  are  imbedded  in  the  diploe  of 
the  bone  which  forms  the  upper  margin  of  the  bullet-hole  in  the  cranium,  and  this 
margin  has  been  lifted  somewhat  upwards  and  outwards.     Extensive  fissures 
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diverge  from  the  part.  The  soft  parts  within  had  decayed  away  before  the  skull  was 
found. 

The  usual  result,  however,  when  a  depressed  fracture  is  caused  by  a  rifle-bullet 
at  ordinary  speed,  is  that  the  whole  of  the  projectile,  more  or  less  distorted  in  shape, 
together  with  splinters  of  bone, 

Fig.  58. — External  view  of  a  segment  of 
a  Parietal  Bone  with  a  depressed  frac- 
ture. 

J> 


i  carried  through 


a,  portion  of  bone  removed  by  trephine ;  ft,  half  of 
the  rifle-ball  found  in  the  cerebrum.  The  line  of 
fracture  near  the  suture  is  too  strongly  marked  in 
the  drawing.1 


Fig.  59. — Interior  view  of  the  same  preparation. 


the  mem- 
branes into  the  cerebral  mass. 
Sometimes  the  bullet,  if  not 
making  its  exit  by  a  second  open- 
ing in  the  cranium,  will  lodge  at 
a  point  opposite  to  that  of  its 
place  of  entrance,  but  the  course 
a  projectile  may  follow  within 
the  cranium  under  such  circum- 
stances is  wholly  uncertain.  The 
instance  of  a  bullet  passing  into 
the  cranium,  through  the  cere- 
brum, and  escaping  by  a  counter- 
opening,  can  only  occur  when  the 
projectile  has  struck  at  full  speed 
and  with  immense  force.  It  is 
almost  needless  to  say  that  any 
wound  of  the  cranium  in  which  a 
projectile  has  effected  a  lodgment 
in  the  substance  of  the  cerebrum, 
however  near  it  may  be  to  the 
surface,  and  still  more  if  it  has 
penetrated  deeply,  possesses 
characters  of  the  utmost  fatality. 
Of  eighty-six  cases  in  which 
either  penetration  or  perforation 
of  the  cranium  occurred  in  the 
Crimea,  all  eventually  died  while 
under  treatment.  Still,  some 
escape.  Among  the  very  large 
number  of  similar  wounds  in- 
flicted in  the  United  States'  civil 
war,  there  were  a  certain  number 
which  did  not  terminate  fatally, 
fourteen  men  having  survived 
even  after  complete  perforation 
of  the  head  by  bullets. 

Instances  occasionally  occur 
where  bullets  remain  lodged  in 
the  cerebrum,  without  producing 
fatal  results,  or  even  giving  rise 
to  serious  symptoms  of  danger 
for  a  long  time.  The  case  of  a 
soldier  wounded  in  Canada  by  a 
ball  in  the  posterior  part  of  the 

side  of  the  head  has  been  mentioned  by  Mr.  Guthrie.  The  wound  healed,  and 
the  man  returned  to  duty  ;  a  year  afterwards  he  got  drunk,  and  died  suddenly.  The 
ball  was  found  in  a  sac,  lying  in  the  corpus  callosum.  In  the  Museum  at  Netley 
there  is  part  of  a  cranium  through  which  a  musket-ball  passed  at  Waterloo.  The 
history  states  that  the  soldier  became  convalescent.  '  He  was  attacked  with  apo- 
plexy fifteen  weeks  after  the  wound,  and  died.    The  ball  was  found  loose  in  the 

1  Specimen  No.  2883  in  the  Army  Medical  Museum  at  Netley. 
Vol.  I.  K  K 


a,  portion  of  bone  removed  by  trephine  ;  ft,  half  of 
the  rifle-ball  found  in  the  cerebrum  ;  c,  splintering 
of  internal  table  extending  to  the  situation  of  the 
longitudinal  sinus.1 
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lateral  ventricle,  having  shifted  from  its  original  position.'  What  the  latter  position 
was,  is  not  recorded.  An  artillery  soldier  was  wounded  in  the  Crimea  by  a  rifle- 
ball,  which  entered  near  the  inner  angle  of  the  left  superciliary  ridge.  The  wound 
progressed  without  a  bad  symptom,  until  a  month  afterwards,  when  coma  came  on, 
and  death  shortly  followed.  The  ball  was  found  in  a  sac,  in  which  some  pus  was 
contained,  at  the  base  of  the  left  anterior  lobe  of  the  brain. 

In  the  year  1861  I  attended  an  officer  whose  history  left  little  doubt  that  he  was  then 
suffering  from  the  effects  of  a  bullet  lodged  in  the  brain.  He  had  received  his  wound  before 
Delhi,  in  September  1857.  The  medical  officers  who  saw  him  immediately  after  the  injury 
reported  that  a  bullet  had  made  an  opening  through  the  posterior  and  inferior  portion  of  the 
left  parietal  bone,  that  the  dura  mater  was  penetrated,  that  brain-substance  had  been  forced 
out  at,  the  opening  in  the  cranium,  and  that  the  missile  had  passed  out  of  sight  and  was  pro- 
bably lodged  deeply.  The  nature  of  the  opening,  which  was  covered  over  by  fibrous  invest- 
ment and  the  scalp  at  the  time  I  examined  it,  indicated  the  direct  passage  of  the  projectile ; 
for  it  was  regular,  nearly  circular  in  shape,  and  the  edges  of  the  bone  around  could  be  felt  to 
be  even  and  straight — not  shelving,  as  happens  in  a  fracture  from  a  bullet  striking  obliquely. 
The  opening  was  depressed  when  the  brain  was  in  ordinary  action  ;  but,  under  excitement, 
or  on  stooping,  the  depression  became  filled  up  by  the  brain  from  below.  The  symptoms  at 
this  time,  three  years  and  a  half  after  the  wound  had  been  received,  were :  imperfect  memory  ; 
imperfect  power  of  vision,  not  to  an  extent  to  incapacitate  him  for  ordinary  work,  but  chiefly 
noticed  on  continued  visual  exertion,  such  as  trying  to  read  much  ;  occasional  headache 
and  dizziness ;  neuralgic  pain  about,  the  muscles  of  the  back  of  the  neck:  partial  loss  of 
sensation  and  of  voluntary  power  in  the  arm  and  fingers  on  the  side  opposite  to  that  of  the 
wound,  the  right :  and  inability  for  any  exertion  or  excitement  leading  to  determination  of 
blood  to  the  head.  The  officer  was,  of  course,  unfit  to  serve  in  a  hot  climate,  or  to  under- 
take any  such  active  exertion  as  would  be  necessary  in  a  campaign,  but  by  living  in  the  most 
abstemious  manner,  and  by  strict  regimen,  he  was  enabled  to  discharge  certain  home  military 
duties  until  the  year  1868.  During  the  unusually  hot  summer  of  that  year,  a  state  of  stupor 
came  on,  and  gradually  increased  until  be  died.    No  post-mortem  inspection  was  permitted. 

A  distorted  bullet  (Spec.  No.  609)  with  several  fragments  of  bone  imbedded  iu  its  sub- 
stance, together  with  two  detached  pieces  of  bone,  are  preserved  iu  the  Museum  at  Netley. 
These  were  removed  after  death  from  the  brain  of  Major  H.,  who  had  been  wounded  three 
months  previously,  on  April  2,  1864,  at.  the  attack  on  Orakau,  New  Zealand.  The  bullet 
penetrated  just  above  the  naso-frontal  suture,  and  passed  to  the  back  of  the  left  orbit. 
Trace  of  it  was  then  lost.  The  eye,  being  disorganised,  was  removed.  The  cerebral  symp- 
toms which  followed  the  wound  gradually  disappeared  under  treatment,  and  by  May  14  this 
officer  had  become  perfectly  rational,  and  was  able  to  walk  about  without  assistance.  He 
continued  to  gain  strength  and  improve  in  all  respects  until  June  10,  when  he  was  suddenly 
seized  with  vomiting  and  severe  pain  at  the  back  of  the  head  and  neck.  The  pain  persisted, 
he  became  lethargic,  and  on  June  after  an  attack  of  rigors,  complete  coma  occurred. 
This  was  shortly  followed  by  general  convulsions  and  death.  The  sac  of  an  abscess  of  the 
size  of  a  walnut  was  found  in  the  anterior  part  of  the  left  cerebral  hemisphere,  communicat- 
ing in  one  direction  with  the  orbit  and  in  the  other  with  the  left  lateral  ventricle,  while  the 
bullet  was  found  lying  behind  the  lesser  wing  of  the  sphenoid  bone. 

Treatment. — One  of  the  first  lessons  to  learn  as  regards  the  treatment  of  a  gun- 
shot injury  of  the  head  in  the  field  is  the  propriety  of  abstaining  from  surgical  inter- 
ference when  the  case  is  first  brought  to  the  surgeon.  When  a  soldier  is  rendered 
insensible  by  a  severe  wound  of  this  kind,  the  patient  presents  appearances  so  closely 
resembling  those  of  death,  that  an  instinctive  desire  to  do  something  with  a  view  to 
arrest  a  fatal  termination  is  not  unlikely  to  occur  to  those  under  whose  care  the  patient 
may  fall.  One  may  choose  to  administer  stimulants,  another  to  bleed,  and  the  case 
may  be  such  that  each,  if  his  treatment  be  carried  into  effect,  may  cause  irreparable 
mischief  to  the  wounded  man. 

All  that  the  surgeon  stationed  at  one  of  the  advanced  lines  of  surgical  assistance 
need  do  in  such  a  case,  is  to  ascertain  that  the  chest  and  throat  of  the  wounded  man 
are  rendered  free  from  all  constriction  by  his  uniform,  so  that  the  centre  of  circulation 
and  the  respiratory  apparatus  may  have  the  fullest  opportunity  of  recovering  from 
the  shock  to  which  they  have  been  subjected ;  to  warn  the  attendants  that  the 
patient  is  to  be  kept  strictly  in  the  horizontal  position  throughout  the  transportation 
to  hospital,  and  to  be  moved  with  as  little  shaking  as  possible  ;  to  put  them  on  their 
guard  as  to  the  not  improbable  occurrence  of  vomiting  ;  and  to  order  the  man's  great- 
coat to  be  thrown  over  the  lower  extremities  to  keep  up  warmth  and  circulation  in  them 
as  far  as  practicable.  The  man's  knapsack,  if  he  were  carrying  one,  should  not  be 
put  under  his  head  :  the  object  is  to  keep  the  head  level,  so  that  the  blood  may  (low 


OF  THE  HEAD. 


499 


to  and  from  the  brain  with  the  least  difficulty  while  the  circulation  is  enfeebled.  If 
a  vessel  of  the  scalp  be  bleeding,  a  small  pad  of  lint  and  pressure  against  the  skull 
by  means  of  a  bandage  will  generally  suffice  to  stop  it ;  not  always,  however,  for  it 
has  happened  to  the  writer  not  to  be  able  to  arrest  the  bleeding  of  a  divided  artery 
hanging  patulous  from  among  the  torn  and  contused  tissues,  neither  by  pressure,  nor 
by  torsion,  nor  exposure  to  cold,  and  a  ligature  has  had  to  be  placed  on  both  divided 
ends. 

When  the  patient  has  reached  a  field-hospital,  the  horizontal  position  being  still 
maintained,  an  attendant  should  shave  the  hair  from  the  head  around  the  seat  of 
injury,  so  that  a  careful  examination  may  be  made  by  the  surgeon.  As  in  all  other 
gunshot  wounds,  the  examination  should  be  made  as  early  as  possible,  and  as  soon  as  the 
surgeon  has  satisfied  himself  as  to  the  nature  of  the  wound,  the  patient  should  be 
kept  quiet,  that  he  may  gradually  recover  from  the  state  of  concussion  and  collapse, 
in  which  he  will  still  probably  be  found  at  the  time  of  his  arrival  at  the  hospital. 

It  will  be  convenient  to  consider  the  treatment  to  be  adopted  in  each  of  the  varie- 
ties into  which  these  wounds  have  been  classified. 

Woitnds  without  fracture  of  bone. — Supposing  that  reaction  has  become  established 
and  that  the  effects  of  local  contusion  are  alone  exhibited,  the  application  of  cold- 
water-dressing,  cold  affusion,  or  ice-bladders,  if  they  can  be  obtained,  to  the  head,  is 
the  only  local  treatment  at  first  required.  Whatever  may  be  the  form  or  extent  of 
ecchymosis,  and  whatever  its  position,  whether  it  be  beneath  the  tendon  of  the 
occipito-frontalis  muscle  or  between  it  and  the  scalp,  the  swelling  should  on  no 
account  be  incised  ;  an  opening  will  take  away  all  chance  of  the  effused  blood  being 
absorbed.  If  the  effusion  be  extensive,  suppuration  is  not  unlikely  to  occur  under 
any  circumstances,  and  then  opening  is  unavoidable,  but  every  effort  should  be  made 
to  prevent  it  at  the  onset.  It  has  been  occasionally  recommended  to  make  strong 
pressure  upon  the  protuberances  produced  under  such  circumstances,  with  a  view  to 
cause  the  dispersion  of  the  blood  in  the  cells  of  the  neighbouring  areolar  tissue.  A 
piece  of  thin  metal,  placed  in  a  compress,  the  pressure  being  maintained  by  a  tight 
bandage,  is  a  plan  sometimes  adopted  for  the  purpose.  But,  considering  the  situation 
of  the  injury,  this  mode  of  treatment  appears  to  be  neither  so  scientific  nor  likely  to 
be  so  generally  useful,  as  moderate  pressure  with  appropriate  cooling  remedies.  The 
thick  and  voluminous  bandaging  occasionally  placed  around  a  patient's  head,  with 
the  intention  perhaps  of  keeping  the  wet  lint  which  has  been  applied  to  the  injured 
part  in  its  place,  is  also  very  objectionable,  because  it  tends  rather  to  promote  than 
to  prevent  suppuration.  Such  restraining  bandages  should  always  be  of  the  simplest 
and  lightest  character.  The  six-tailed  head  bandage,  especially  when  it  is  made  of 
fenestrated  linen  to  ensure  additional  coolness,  answers  the  purpose  well,  or,  still 
better,  one  of  the  German  head-nets  which  adapt  themselves  to  surfaces  of  all  sizes 
and  are  not  prone  to  shift  their  position. 

The  general  treatment  should  be  all  directed  to  keeping  the  amount  of  reaction 
within  clue  limits,  obviating  cerebral  irritation  and  preventing  excitement  of  inflam- 
matory action  amoog  the  important  structures  in  the  immediate  neighbourhood  of 
the  seat  of  injury.  This  applies  to  the  general  treatment  of  every  wound  of  the  head, 
however  trivial  and  however  severe;  and  most  especially  in  cases  where  the  injury 
has  been  caused  by  the  stroke  of  a  direct  projectile.  An  active  purgative,  such  as  a 
dose  of  calomel  placed  on  the  tongue,  followed  by  a  cathartic  draught,  should  be 
administered.  The  utmost  abstemiousness  as  regards  diet  and  drinks  should  be 
enjoined.  In  no  injuries  is  the  importance  of  abstinence  rendered  so  manifest  by  the 
ill  consequences  of  its  neglect  as  in  injuries  of  the  head.  Excitement  and  distur- 
bance of  all  kinds  should  be  avoided.  If  the  injury  be  apparently  a  slight  one,  the 
surgeon  may  find  it  very  difficult  to  enforce  the  regimen  here  indicated  ;  but,  for  some 
days  at  least,  however  urgent  may  be  the  appeals  of  the  patient,  he  should  by  no 
means  give  his  consent  to  the  rules  laid  down  being  infringed.  Apparently  slight  as 
the  injury  may  be,  a  slight  excess  may  quickly  convert  it  into  a  serious  one. 

The  same  principles  of  treatment,  local  and  general,  are  applicable  to  cases  iu 
which  the  only  difference  is  the  existence  of  an  open  wound.    When  caused  by  small 
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projectiles,  the.se  scalp  wounds  are  usually  furrowed  wounds,  scooped  out,  as  it  were, 
their  whole  length  ;  but  sometimes  the  bullet,  after  entering  the  scalp,  travels  along 
some  distance  between  it  and  the  cranium,  and  makes  a  tunnel-like  track  between 
the  two  structures  before  effecting  its  exit.  In  this  latter  case,  in  addition  to  the 
other  treatment,  occasional  syringing  of  the  passage  beneath  the  scalp  with  tepid 
lotions  is  useful.  It  carries  away  sloughs  or  discharges,  and  often  removes  small 
bail's  which  have  been  driven  in  by  the  projectile  and  act  as  sources  of  irritation  in 
the  wound. 

Wounds,  with  fracture,  without  marked  depression. — There  should  be  no  difference 
in  the  early  treatment,  even  if  below  the  contused  scalp,  or  if  more  obviously  through 
an  open  wound,  there  be  distinguished  a  fracture  of  bone.  The  rules  for  preventing 
all  disturbance,  both  bodily  and  mental,  will  be  more  imperatively  necessary  than  in 
the  previous  cases,  on  account  of  the  greater  amount  of  injury  which  has  been  mani- 
festly effected,  together  with  the  closer  contiguity  and  more  direct  connection  of  the 
injured  parts  with  the  brain ;  but  no  operative  interference  should  be  resorted  to. 
There  are  reasonable  grounds  for  hoping,  notwithstanding  a  fracture  may  exist,  if  it 
be  uncomplicated,  that  recovery  may  ensue  without  any  surgical  interference  being 
had  recourse  to  beyond  the  general  treatment  already  described.  Prudence  dictates 
that  the  patient  should  be  very  carefully  watched,  so  that  inflammatory  symptoms  or 
symptoms  of  compression  may  be  noted  at  their  earliest  onset.  In  a  case  of  this 
order  intercranial  extravasations  from  lesions  of  blood-vessels  may  occur  suddenly, 
or,  if  the  reaction  be  excessive,  inflammation  may  rapidly  be  induced,  and  then  the 
necessity  of  further  surgical  interference  will  have  to  be  considered  without  delay. 

Wounds,  with  f  racture,  and  marked  depression. — The  treatment  of  these  wounds, 
in  which  there  is  not  only  a  compound  fracture,  but  the  broken  bone  is  depressed 
upon  the  encephalon,  requires  more  particular  consideration.  It  involves  the  ques- 
tion of  the  propriety  of  trephining  in  any  gunshot  wound,  for  if  the  operation  is  to 
be  performed  at  all,  it  must  be  most  called  for  in  those  cases  where  depression  of 
bone  is  obvious,  and  the  usual  effects  of  compression  upon  the  brain  are  equally 
manifest  from  its  influence  on  the  whole  frame  of  the  patient. 

The  inqjortance  of  the  question  makes  it  advisable  to  take  a  brief  survey  of  pre- 
vious opinions  concerning  this  operation  in  military  practice  and  of  the  results  of  the 
experience  recently  gained  respecting  it. 

Formerly,  a  gunshot  injury  of  the  skull  was  supposed  to  be  in  itself  a  sufficient 
indication  for  the  use  of  the  trephine  ;  in  cases  even  where  no  fracture  had  been 
caused  and  where  no  symptoms  of  compression  or  of  other  cerebral  disorder  were 
present,  an  opening  was  recommended  in  the  early  part  of  the  present  century  to  be 
made  in  the  cranium,  to  obviate  inflammation  of  the  dura  mater  and  other  conse- 
quences which  it  was  believed  would  otherwise  ensue,  and  which  when  they  had 
arisen  would  render  the  application  of  the  trephine  in  most  cases  of  no  avail.  Such 
preventive  trephining  is  now  universally  acknowledged  not  to  be  an  admissible 
operation.  The  majority  of  English  military  surgeons  at  the  close  of  the  period  of 
the  Peninsular  war  limited  the  use  of  the  trephine  to  cases  where  one  of  the  three 
following  conditions  was  supposed  to  exist :  first  where  either  depressed  bone  or  effused 
blood  was  causing  interruption  of  cerebral  function  ;  second,  where  points  or  edges 
of  fractured  bone  were  penetrating  the  cerebral  substance,  and  no  simpler  means  of 
extraction  presented  themselves ;  and,  third,  where  a  cerebral  abscess  had  formed 
within  reach  of  evacuation.  The  tendency  of  subsequent  experience  in  Europe  has 
been  to  confine  the  practice  of  trephining  within  still  narrower  limits  than  even 
those  just  mentioned  ;  and  when  the  repeated  instances  which  have  proved  how 
great  is  the  difficulty  of  making  an  accurate  diagnosis  in  such  cases  are  considered — 
whether  as  to  the  persistent  or  temporary  nature  of  the  accident  or  accidents  on 
which  the  condition  of  compression  depends  ;  the  precise  situation  of  these  accidents  ; 
the  space  over  which  they  may  extend;  the  impossibility  of  estimating  the  amount 
of  injury  done  to  the  internal  table  by  a  projectile  from  the  external  characters  of 
a  contusion  or  a  fracture  of  the  cranium,  as  well  as  the  amount  of  damage  done  to 
the  meninges  and  cerebrum  ;  the  difficulty  of  ascertaining  with  exactness  the  site 
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and  limits  of  cerebral  effusions  of  blood  and  cerebral  abscess;  not  to  mention  certain 
dangers  connected  with  the  operation  itself — it  hardly  seems  to  be  a  matter  of 
wonder  that  this  tendency  should  have  grown  up.  Besides,  the  numerous  cases 
which  have  now  been  noted  where  bone  has  been  depressed — largely  so,  in  some 
instances — but  the  brain  has  accommodated  itself  to  the  pressure  without  serious 
disability  having  resultod,  or  where  compression  from  effusion  has  been  removed  by 
absorption,  under  proper  constitutional  treatment,  have  acted  as  further  causes  of 
hesitation  in  respect  to  the  value  of  trephining  in  gunshot  injuries  of  the  head. 

In  the  '  Surgical  Report  of  the  Crimean  War,'  it  is  stated  that  the  trephine  was 
only  successfully  applied  in  four  cases  during  the  whole  period  embraced  in  the 
report  from  April  1,  1855,  to  the  end  of  the  war.    Trephining  is  known  to  have 
been  resorted  to  twenty-eight  times  during  this  period.    There  were  three  other 
cases  of  recovery  after  elevation  of  depressed  bone  ;  in  two  of  them  the  fragments 
were  raised  by  an  elevator,  in  the  remaining  one  by  the  aid  of  Hey's  saw.    Out  of 
these  seven  cases  the  dura  mater  was  known  to  have  been  uninjured  in  four  ;  in  one  it 
was  torn  and  a  portion  of  brain  protruded ;  in  the  other  two  its  condition  was  not 
recorded.    In  not  one  of  these  cases,  as  far  as  is  known,  did  the  injury  follow  such 
a  violent  cause  as  the  stroke  of  a  rifle-ball.    Five  were  caused  by  fragments  of  shell, 
and  one  by  the  explosion  of  a  magazine;  the  cause  of  the  seventh  has  not  been 
stated.    When  the  fact  is  considered  that  but  seven  survivals  occurred  after  forcible 
elevation  of  depressed  fractured  bone,  four  of  them  only  by  trephining,  among  the 
officers  and  men  of  the  British  army  during  the  whole  period  of  the  Crimean  cam- 
paign for  which  there  are  reliable  records;  that  these  recoveries  followed  injuries 
from  projectiles  of  comparatively  low  force  and  velocity ;  and  that  in  the  majority 
of  the  cases  the  dura  mater  had  not  been  penetrated ;  the  limited  value  of  trephin- 
ing in  gunshot  wounds  of  the  cranium  seems  to  have  been  strongly  borne  out  by  the 
experience  of  that  war.    On  the  other  hand,  fourteen  men  with  depressed  gunshot 
fractures  of  the  skull  recovered  without  trephining,  and  with  no  further  operative 
interference  than  the  simple  removal  of  spicules  of  bone  when  they  became  necrosed 
and  loose  by  natural  process.    Nine  of  these  men  recovered  so  completely  that  they 
returned  to  their  military  duties  in  the  field,  and  four  others,  though  not  considered 
fit  for  this  active  service,  were  sent  to  England  for  duty  at  home.    In  the  French 
report,  too,  by  Dr.  Scrive,  it  is  stated  that  trephining  was,  for  the  most  part,  fatal 
in  its  results  in  the  French  army  in  the  Crimea.    In  siege-operations,  the  experience 
as  regards  wounds  of  the  head  is  always  very  extensive,  the  lower  parts  of  the  body 
being  so  much  more  protected  in  the  trenches.    According  to  Dr.  Scrive's  returns, 
one  of  every  three  men  killed  in  the  trenches  before  Sebastopol,  and  one  in  every 
3'4  wounded,  was  injured  in  this  region.    Dr.  Chenu  relates,  in  his  '  Medical  History 
of  the  Italian  Campaign  of  1859-60,'  that  among  779  wounds  and  injuries  of  the 
head  of  all  kinds,  twenty  per  cent,  of  which  were  fatal,  trephining  was  performed  only 
nine  times  in  the  French  hospitals  during  the  war.    Death  followed  in  seven  of 
these  instances,  while  two  of  the  patients  survived  to  be  pensioned. 

The  experienced  German  surgeon,  Dr.  Stromeyer,  who  in  the  early  part  of  his 
professional  career  advocated  trephining  in  complicated  fractures  of  the  skull,  has 
recorded,  in  his  '  Principles  of  Military  Surgery,'  that  he  was  led  to  abandon  the 
practice.  He  mentions  that  after  the  battle  of  Kolding,  in  Schleswig,  in  1849, 
there  were  eight  gunshot  fractures  of  the  skull,  with  depression,  and  more  or  less 
cerebral  symptoms.  In  all  these,  with  one  exception,  the  detachment  of  the  frac- 
tures was  left  to  nature,  and  all  recovered.  The  exception  was  that  of  a  patient, 
from  whom  some  fragments  were  removed  on  the  seventh  day,  and  he  was  placed  in 
such  considerable  danger  by  the  treatment,  that  Dr.  Stromeyer  resolved  never  to 
adopt  it  again.  In  the  following  year  in  Schleswig,  two  young  surgeons  came  under 
Dr.  Stromeyer's  care  with  gunshot  wounds  of  the  head,  accompanied  by  deep  depres- 
sion ;  they  were  both  treated  without  trephining,  and  both  recovered.  Throughout 
the  three  campaigns  of  the  Schleswig-Holstein  war,  Dr.  Stromeyer  states  there  was 
only  one  case  of  trephining  which  gave  a  favourable  result.  He  has  also  mentioned, 
in  the  appendix  to  his  translation  of  Sir  W.  MacCormac's  '  Notes  of  an  Ambulance 
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Surgeon,'  that  during  the  Franco-German  war  trephining  was  only  twice  resorted  to 
in  the  great  hospital  at  the  Chateau  of  Versailles,  which  received  the  mass  of  the 
wounded  from  the  fights  around  Paris  during  the  prolonged  siege,  and  that  in  both 
instances  the  results  were  fatal.  He  adds  that  he  had  not  heard  of  any  cases  in 
which  trephining  was  performed  in  the  field  during  the  war.  Sir  W.  MacCormac 
trephined  in  one  case  at  Sedan,  and  this  terminated  fatally,  as  did  also  a  case  in 
which  he  removed  some  fragments  of  bone  from  the  dura  mater,  although  the  latter 
had  not  been  penetrated.  No  soldier  was  invalided  to  England  from  India  after  the 
war  of  the  Sepoy  mutiny  on  whom  the  operation  of  trephining  had  been  performed. 
On  the  other  hand,  Dr.  Williamson  has  recorded  in  his  work  on  Military  Surgery 
(1863)  that  eleven  men  reached  Chatham  among  the  wounded  from  this  war,  who 
had  suffered  gunshot  fractures  of  the  skull  about  a  year  previously,  with  displace- 
ment of  both  tables  and  exposure  of  the  dura  mater,  and  that  all  these  men  had 
recovered  without  trephining.  He  refers,  in  addition,  to  the  cases  of  two  officer's 
similarly  wounded  at  the  siege  of  Delhi  who  had  also  recovered  without  trephining. 
An  occurrence,  quoted  by  Sir  G.  Ballinghall,  is  also  worth  alluding  to,  in  further 
illustration  of  the  favourable  results  that  may  follow  abstaining  from  trephining  in 
some  cases.  After  the  battle  of  Talavera  a  hospital  which  had  been  established  in 
the  town  had  suddenly  to  be  abandoned,  and  an  order  was  given  for  all  the  wounded 
who  could  march  to  leave  it.  There  was  no  time  for  selection,  and  among  those 
who  marched  were  twelve  or  fourteen  men  with  wounds  of  the  head  in  which  the 
cranium  was  implicated,  four  or  five  having  both  tables  fractured,  and  two  having 
the  globe  of  one  eye  destroyed,  along  with  fracture  of  the  frontal  bone.  All  these 
men  recovered,  though  they  were  sixteen  days  on  the  march,  harassed  and  exposed 
to  a  burning  sun,  and  had  no  other  application  than  water  dressing. 

Military  experience  in  Europe  during  the  present  century  has  made  it  almost  as 
difficult  to  understand  the  frequent  successful  results  of  trepanning  by  the  older  civil 
surgeons,  as  to  find  a  justification  for  the  use  of  the  operation  in  such  slight  cases  as 
those  in  which  they  often  performed  it.  The  arachnoidean  sac  must  have  been 
unopened  in  most,  if  not  all  of  them.  Probably  also  the  issues  were  so  successful 
because  the  patients  laboured  under  little  other  local  mischief  than  the  effects  of  the 
operation  itself,  while,  as  we  well  know,  besides  local  conditions  of  contusion  or  fracture, 
many  and  very  grave  intracranial  complications  usually  exist  in  those  instances  in 
which  the  operation  is  resorted  to  by  military  surgeons  for  injuries  from  gunshot. 

Iu  the  Netley  Museum  are  several  preparations,  showiug  extensive  depressed 
fracture  of  the  inner  table  of  the  skidl  taken  from  patients  who  had  recovered  with- 
out trephining,  and  who  died  years  afterwards  from  other  causes.  Unfortunately, 
although  believed  to  be  the  effects  of  gunshot,  with  the  exception  of  the  specimen  of 
which  an  illustration  is  given  on  page  497,  the  histories  are  so  imperfect  that  they 
leave  it  doubtful  whether  the  fractures  were  so  produced.  The  records  only  state 
that  the  fracture  was  the  result  of  injury,  without  mentioning  what  the  injury  was. 
An  excellent  drawing  of  one  of  these  doubtful  specimens  is  given  in  Plate  I.  of 
Williamson's  work  on  Military  Surgery.  In  all  these  preparations  the  edges  of  the 
depressed  portions  of  bone  have  become  smooth,  and  united  by  new  osseous  matter. 
The  cerebrum  must  have  accommodated  itself  to  the  alteration  of  form  of  the  inner 
cranial  surface  which  had  been  thus  produced. 

With  regard  to  those  wounds  in  which  there  is  not  only  a  depressed  fracture,  but 
the  projectile  has  passed  out  of  sight  into  the  brain-substance,  trephining  can  scarcely 
ever  be  of  any  avail.  One  or  two  instances  are  recorded  iu  which  the  course  of  a 
bullet  has  been  traced  from  the  site  of  entrance,  and  trephining  resorted  to  for  its 
extraction  with  success ;  but  these  are  altogether  exceptional  occurrences.  Splinters 
of  bone  are  almost  always  carried  into  the  brain  when  bullets  penetrate  its  substance 
deeply,  and  some  of  these  will  probably  elude  observation  ;  or  the  bullet  itself  may  be 
divided  and  enter  the  brain  in  different  directions,  when  the  operation  of  trephining 
can  only  be  an  addition  to  the  original  injury,  without  any  probable  advantage.  At 
the  same  time,  it  is  not  to  be  forgotten  that  instances  are  on  record  of  patients  having 
recovered,  notwithstanding  bullets  had  lodged  deeply  in  the  brain-substance,  and  of 
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having  survived  for  some  years  after  the  accident,  in  cases  where  neither  trephining 
nor  any  other  surgical  procedure  for  extracting  the  missile  had  been  practised. 

From  the  facts  above  mentioned,  it  seems  evident  that  the  operation  of  trephining 
has  been  less  and  less  resorted  to  for  the  treatment  of  gunshot  injuries  in  time  of 
war  in  Europe,  while  the  general  results  of  those  cases  in  which  it  has  been  employed 
have  not  been  such  as  to  encourage  an  extension  of  the  practice.  On  the  other  hand 
some  surgeons  are  inclined  to  attribute  the  unfavourable  results  of  the  operation  to 
the  fact  that  of  recent  years  it  has  been  only  adojrted  in  cases  which,  from  their 
nature,  were  almost  hopeless ;  but  when  a  plea  is  urged  on  this  ground  for  a  more 
frequent  employment  of  trephining,  the  rejoinder  is  made  that  there  are  no  reliable 
signs  by  which  the  nature  of  gunshot  injuries  and  their  complications  can  be  distin- 
guished with  sufficient  exactness  for  determining  whether  particular  cases  are  of  an 
inevitably  fatal  character  or  otherwise,  while  if  the  use  of  the  trephine  be  resorted 
to  indiscriminately,  it  will  be  followed  by  fatal  results  in  some  cases  in  which 
recovery  might  otherwise  have  been  reasonably  expected  under  simple  dressings  to 
the  wound,  joined  with  careful  regimen  and  appropriate  constitutional  treatment. 

Some  surgeons  have  supposed  that  in  consequence  of  the  development  of  the 
doctrine  of  cerebral  localisation  of  late  years,  the  means  would  be  obtained  of 
accurately  fixing  the  seat  of  intracranial  lesions,  after  gunshot  injuries  of  the  head, 
and  that  on  certain  symptoms  arising,  the  information  so  gained  might  be  turned  to 
practical  account,  in  guiding  the  surgeon  to  the  particular  part  of  the  skull  where 
the  trephine  might  be  applied  for  their  relief.  This  may  be  true  in  some  conditions 
of  local  disease,  but  where  the  symptoms  owe  their  origin  to  gunshot  injury,  so  many 
and  such  diffused  complications  are  liable  to  exist,  that  such  precision  can  rarely,  if 
ever,  be  attained,  and  the  operation  must  always  be  performed  with  uncertainty  as 
to  results. 

The  experience  of  trephining  during  the  prolonged  war  of  the  rebellion  in  the 
United  States  was  very  large,  220  cases  of  formal  trephining  for  gunshot  and  other 
injuries  of  the  head  being  tabulated  in  the  Surgical  History  of  the  War,  while 
abstracts  of  nine  others  appear  subsequently,  making  229  altogether.  The  description 
shows  that  200  of  these  operations  were  performed  for  gunshot  injuries  of  various 
kinds.  It  must  not  be  concluded  from  this  large  number  of  instances  of  trephining 
that  the  operation  was  more  frequently  resorted  to  by  surgeons  in  the  United  States 
than  it  had  been  previously  by  English  surgeons,  for  proportionably  it  was  less 
employed  than  it  had  been  during  the  Crimean  war.  Out  of  898  cases  of  gunshot 
injuries  of  the  head  of  all  descriptions  tabulated  in  the  Crimean  History,  trephining 
is  recorded  to  have  been  done  28  times,  a  ratio  of  3"  11  per  cent.;  while  in  the 
United  States'  war,  among  10,089  gunsh  6>t  injuries  of  the  head,  trephining  was  done 
200  times,  or  nearly  two  per  cent.  Trephining  was  performed  in  less  proportion  in 
the  Italian  war  of  1859,  and  still  less,  as  far  as  can  be  gathered  from  records,  in  the 
Franco-German  war  of  1870-71. 

Among  the  200  cases  of  trephining  for  gunshot  injury  in  the  United  States  there 
were  85  recoveries  and  115  deaths,  or  a  ratio  of  42 "5  per  cent,  of  recoveries,  and  a 
mortality  of  57"5  per  cent.  This  shows  a  remarkable  amount  of  success  when  com- 
pared with  the  results  of  the  Crimean  war  and  Italian  war  before  quoted  :  in  the  former 
the  recoveries,  4  out  of  28  cases,  being  only  14'28  per  cent.,  in  the  latter  war  2  out  of 
9  cases,  22-22  percent.  In  the  four  successful  cases  in  the  Crimea,  the  trephine  was 
employed  on  the  same  day  as  the  wound  was  received  in  one  instance,  on  the  third 
day  after  in  a  second,  on  the  fifth  in  a  third,  and  on  the  eleventh  day  after  the  injury 
in  the  fourth  case.  The  larger  experience  gained  in  the  United  States  indicates  that 
the  fatality  of  trephining  was  lessened  the  more  remotely  after  the  injury  it  was 
employed.  Dr.  Otis  records  that  the  dates  of  operation  were  accurately  ascertained  in 
162  instances,  and  that  of  these  46  were  primary,  99  intermediary,  and  17  secondary 
operations.  Of  the  primary  32  were  fatal,  or  69 '6  per  cent. ;  of  the  intermediary 
56,  or  56-6  per  cent.  ;  of  the  secondary  4,  or  23"5  per  cent. 

Of  the  85  survivors  of  the  operation  of  trephining  for  gunshot  fractures  in  the 
United  States,  62  suffered  from  various  degrees  of  disability  incapacitating  them  for 
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further  military  service;  6  were  discharged  from  hospital  either  for  exchange  of 
prisoners,  on  parole,  or  on  furlough,  and  their  condition  is  not  recorded ;  4  went 
to  modified  duty  in  the  Veteran  Reserve  Corps;  and  13  recovered  so  far  as  to 
be  able  to  resume  military  duty.  Of  these  last  men,  7,  after  shorter  or  longer 
periods  of  service,  had  to  be  discharged  from  their  regiments  either  for  paralysis, 
epilepsy,  dizziness,  or  other  head  symptoms,  and  were  pensioned  ;  while  the  remain- 
ing 6,  not  being  recorded  as  pensioners,  may  be  presumed  to  have  remained  at  duty 
till  the  end  of  the  war. 

Of  the  115  cases  which  terminated  fatally  after  trephining,  12  were  cases  of 
contusion  of  cranial  bones  followed  by  necrosis;  4  of  trephining  for  gunshot 
fractures  followed  by  hernia  cerebri ;  4  of  fractures  of  the  inner  table  only  ;  and 
95  of  fractures  of  both  tables  of  the  cranium.  It  is  a  noticeable  fact  that 
1G  cases  of  operative  interference  for  the  removal  of  necrosed  fragments  after 
contusion  of  bone  are  recorded  in  the  Surgical  History  of  the  War,  and  that  in  4  of 
these,  in  which  the  fragments  were  merely  removed  after  they  had  become  loosened 
by  suppurative  action  without  the  aid  of  the  trephine,  recovery  took  place  ;  while  in 
all  the  remaining  12,  in  which  the  trephine  was  employed,  a  fatal  result  ensued. 
A  fact  of  a  somewhat  similar  character  may  be  observed  among  the  cases  of  hernia 
cerebri  after  gunshot  fractures,  of  which  the  histories  of  51  cases  are  given  in 
more  or  less  detail.  In  4  of  these  instances  trephining  had  been  employed,  and 
all  terminated  fatally,  while  in  one  very  remarkable  case,  in  which  trephining  was 
not  resorted  to,  the  patient  recovered.  In  the  instance  alluded  to,  a  rifle-bullet  had 
fractured  and  penetrated  the  parietal  bone  where  the  cerebral  hernia  appeared,  and 
a  portion  of  the  bullet  had  passed  onwards  within  the  cranium  and  there  made  a 
partial  exit  through  the  occiput.  The  man  was  wounded  on  October  12,  1863,  but 
the  fracture  in  the  occiput  was  not  discovered  until  November  3,  when  an  abscess 
which  had  formed  beneath  the  scalp  in  this  situation  was  opened.  The  outer 
table  was  then  observed  to  be  elevated,  and  a  piece  of  lead  was  seen  to  be  firmly 
impacted  beneath  it.  All  the  attempts  made  to  remove  it  proved  ineffectual.  On 
January  31,  18G4,  the  patient  was  reported  to  be  doing  well,  the  projection  of  the 
outer  table  being  still  present,  and  the  lead  remaining  between  the  tables  of  the  bone. 
No  account  of  the  subsequent  progress  of  the  case  is  given  beyond  the  fact  that  the 
patient  recovered,  though  he  remained  somewhat  child-like  and  easily  confused  in 
mind.  He  was  discharged  on  October  4,  1864.  It  would  have  been  interesting  if 
information  could  have  been  furnished  as  to  the  subsequent  history  of  this  case,  and 
particularly  whether  the  injured  portion  of  the  occiput  with  the  lead  impacted  in  it 
became  necrosed  and  was  detached  by  natural  process. 

The  histories  of  the  cases  of  gunshot  injuries  of  the  head  observed  dining  the 
United  States'  war  seem  to  confirm  the  previously  acknowledged  difficulty  of 
determining  the  extent  of  particular  mischief  done  by  projectiles  from  the  symptoms 
presented,  and  therefore  of  laying  down  rules  for  the  use  of  the  trephine.  In  a 
large  number  of  the  cases  in  which  trephining  proved  successful,  the  success  could  no 
more  be  anticipated  from  the  symptoms,  than  it  might  reasonably  have  been  in 
numerous  others  where  the  operation  was  unsuccessful. 

The  operation  of  trephining  was  performed  at  Netley  twelve  months  ago  for  the 
effects  of  a  pistol-shot  wound  of  the  forehead  with  such  complete  success,  and  the 
case  has  so  many  features  of  interest,  that  a  description  of  its  leading  features  will  be 
useful. 

Sergeant  C.  McL.,  set.  37  years,  was  admitted  at  Netley  on  March  1,  1880,  suffering  from 
the  effects  of  a  pistol-shot  wound  on  the  right  side  of  the  forehead,  which  had  been  inflicted 
on  September  10,  1879,  at  Gibraltar.  The  bullet  fractured  the  bone  and  appeared  to  be 
lodged,  but  could  not  be  detected.  A  probe  passed  into  the  opening  was  said  to  have  sunk 
to  the  extent  of  half  its  length  downwards  and  inwards.  The  dura  mater  was  apparently 
uninjured.  Consciousness  was  lost  immediately  after  the  injury,  but  in  a  short  time  re- 
turned. For  some  days  the  chief  symptom  was  pain  behind  the  right  ear.  On  the  21st  he 
had  rigors,  and  on  the  28th  complete  left  hemiplegia  occurred.  Between  September  29  and 
October  7  all  the  symptoms  improved,  and  the  left  side  gradually  regained  power.  The 
wound  continued  to  discharge  purulent  matter.  On  February  11,  1880,  he  was  invalided  to 
England.    On  arrival  at  Netley,  on  March  1,  the  man  was  quite  rational  and  collected,  but 
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was  silent  and  bad  a  reserved  manner.  No  signs  of  the  paralysis  remained.  Constant  pain 
about  the  right  mastoid  process  was  complained  of,  where  there  was  also  some  tenderness 
on  percussion.  There  was  partial  deafness  on  the  right  side,  some  impairment  of  vision 
of  the  right  eye,  the  pupil  of  which  was  contracted,  and  there  was  giddiness  on  stooping. 
He  also  complained  of  sleeplessness.  A  small,  sinus-like  opening  existed  over  the  right 
frontal  eminence,  from  which  there  was  a  constant  discharge.  The  discharge  lying  in  this 
opening  had  pulsation  communicated  to  it  from  below. 

Up  to  April  8  this  condition  remained  unchanged.  On  this  date  a  dark  substance  was 
seen  at  the  bottom  of  the  sinus  resulting  from  the  wound,  and  an  electric  probe  showed  it  to 
be  metallic.  The  patient  was  etherised,  and  after  some  small  loose  pieces  of  bone  had  been 
got  away,  a  deformed  bullet  was  extracted,  with  some  difficulty,  on  account  of  its  shape  and 
the  small  size  of  the  opening  in  the  bone.  Its  weight  was  130  grains.  The  operation  was 
performed  antiseptically.    No  distinct  laceration  of  the  dura  mater  could  be  seen. 

Shortly  after  this  operation  the  protrusion  of  a  small  hernia  cerebri  gradually  appeared. 
This  was  treated  by  antiseptic  dressings  and  pressure,  but  did  not  disappear.  The  patient 
remained  in  fair  bodily  health,  but  was  generally  silent  and  depressed.  On  one  occasion,  on 
a  probe  being  passed  alongside  of  the  pedicle  of  the  fungus  to  ascertain  if  any  dead  bone  could 
be  detected,  the  tumour  became  puffed  up,  and  giddiness,  nausea,  and  headache  were  pro- 
duced. These  symptoms  subsided  next  day.  If  much  pressure  were  applied  to  the  fungus, 
headache  and  giddiness  resulted,  so  that  only  a  slight  amount  could  be  continued. 

No  change  occurred  until  December  6.  On  this  date  a  sense  of  fulness  and  stiffness  in 
the  nose,  of  which  there  were  no  physical  signs,  was  complained  of.  During  the  night 
several  tits  occurred.  On  the  following  day  his  right  pupil  was  contracted  and  manner 
occasionally  wild.  He  became  drowsy,  and  had  three  tits  of  an  epileptiform  character. 
These  fits  now  increased  in  frequency.  On  December  8  he  was  unconscious,  and  at  intervals, 
never  longer  than  fifteen  minutes,  he  had  a  convulsive  fit.  Respiration  became  suspended 
after  each  fit,  usually  for  half  a  minute,  and,  on  one  occasion,  for  a  minute  and  a  half, 
necessitating  artificial  respiration.  This  condition  lasted  till  1  p.m.,  when  the  operation  of 
trephining,  which  had  been  previously  determined  upon  after  consultation,  was  performed 
by  Surgeon-Major  Tobin.  The  patient  being  completely  insensible,  no  anaesthetic  was  re- 
quired. When  the  circle  of  bone  was  removed,  the  pedicle  of  the  hernia  cerebri  was  seen  to 
be  tightly  embraced  by  the  opening  in  the  dura  mater.  The  dura  mater  was  then  opened 
upon  a  director,  and  in  doing  this  a  piece  of  bone  of  about  the  size  and  shape  of  an  ear  of 
wheat  was  found  to  be  firmly  wedged  between  the  pedicle  of  the  hernia  cerebri  and  the 
thickened  ring  of  the  dura  mater.  As  it  was  thought  this  alone  could  hardly  have  occasioned 
the  extremely  severe  symptoms  previously  mentioned,  and  as  the  presence  of  an  abscess  was 
suspected,  a  grooved  needle  was  passed  into  the  substance  of  the  brain  to  a  depth  of  about 
two  inches  in  two  different  directions,  but  no  pus  was  found.  The  hernia  cerebri  was  then 
shaved  off,  the  edges  of  the  incision  in  the  dura  mater  brought  gently  together,  the  wound 
left  open,  and  an  antiseptic  gauze  dressing  applied. 

The  character  of  the  fits  changed  immediately  after  the  operation  ;  they  were  much 
milder  in  character  and  no  suspension  of  respiration  succeeded  them.  At  4-45  p.m.  the  sister 
in  attendance  noticed  a  great  change  for  the  better  in  the  patient's  aspect,  and  reported  that 
he  bad  become  conscious,  having  recognised  her  and  called  her  by  name.  The  history  from 
this  date  is  one  of  gradual  improvement.  After  December  16  convalescence  was  rapid  and 
uninterrupted.  On  January  2, 1881,  the  wound  was  completely  healed,  leaving  only  a  slight 
cicatrix  and  depression,  and  his  general  health  was  excellent. 

Being  detained  at  Netley  for  military  reasons  until  the  end  of  July  1881 ,  he  was  constantly 
under  observation  during  this  period.  His  health  continued  good  in  all  respects — the  pain 
behind  the  ear  had  wholly  gone — he  did  not  suffer  from  dizziness,  he  slept  well,  and  had  re- 
gained cheerfulness  of  spirits.    His  recovery,  in  short,  appeared  to  be  complete. 

Trephining  was  indicated  in  this  case  by  the  following  circumstances.  After  a 
considerable  period  of  convalescence,  symptoms  of  cerebral  irritation  showed  them- 
selves, evidenced  by  constitutional  disturbance,  disordered  cerebral  function,  and 
convulsions.  The  convulsions  rapidly  became  aggravated,  both  in  frequency  and 
violence,  and  at  length  attained  such  a  degree  of  severity,  that  it  became  obvious  life 
would  soon  be  lost  if  they  continued.  All  other  remedies  having  failed,  the  per- 
formance of  trephining  remained  as  a  last  resource  for  enabling  the  seat  of  irritation 
to  be  reached  and  its  cause  removed.  Moreover,  the  operation  had  no  particular 
dangers  in  the  case.  The  arachnoid  membrane  had  been  penetrated,  and  a  long 
period  had  since  elapsed,  during  which  there  had  been  fungus  cerebri,  and  a  certain 
amount  of  discharge  to  deal  with  ;  so  that,  from  long-continued  inflammatory  action, 
adhesions  had  probably  taken  place  for  a  considerable  distance  round  the  focus  of 
injury,  and  there  was  thus  very  little  danger,  if  any,  of  diffusion  of  air  or  septic 
fluids  in  the  arachnoid  space,  or  of  diffused  meningitis,  from  the  operation. 

As  it  turned  out,  the  removal  of  a  minute  fragment  of  bone,  which  was  acting  as 
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a  foreign  body,  and  exerting  pressure  against  the  dura  mater  on  the  one  side  and  the 
fungus  cerebri  on  the  other,  sufficed  to  put  a  stop  to  the  irritation  and  its  alarming 
effects.  The  enlargement  of  the  opening  through  which  the  fungus  protruded,  and 
by  the  fibrous  edge  of  which  it  was  compressed,  almost  ligatured,  also  appeared  to  be 
the  means  of  enabling  it  to  subside  and  the  wound  to  become  healed. 

On  the  whole,  as  regards  gunshot  injuries  of  the  head,  the  following  rules  seem 
to  be  safely  deducible  from  a  general  review  of  the  experience  hitherto  gained  respect- 
ing this  operation  : — 

1.  Trephining  with  a  view  to  prevent  anticipated  consequences  of  a  gunshot 
injury  of  the  head,  and  speculative  trephining  in  general,  are  not  justifiable  opera- 
tions. Thus  the  fact  of  there  being  a  fracture  and  the  bone  being  depressed  is  not 
of  itself  a  cause  for  trephining.  The  occurrence  of  symptoms  of  compression,  of 
epileptiform  convulsions,  or  of  paralysis  shortly  after  a  gunshot  injury,  does  not 
justify  the  primary  use  of  the  trephine,  when  the  local  condition  of  injury  is  concealed 
from  view  and  uncertain.  Local  treatment  and  general  remedies  should  be  em- 
ployed in  the  first  place,  and  should  be  persevered  in  for  some  days,  or  even  for  two 
or  three  weeks,  unless  special  urgency  arises,  before  trephining  is  employed. 

2.  When  there  is  clear  evidence  that  fragments  of  bone  have  been  forced  down 
so  as  to  penetrate  the  cerebral  substance — not  merely  that  they  are,  or  appear  to  be, 
lying  upon  the  dura  mater — and  when  they  cannot  be  removed  by  simpler  means, 
the  trephine  should  be  used  to  assist  in  their  extraction  as  early  as  practicable, 
whether-  symptoms  of  compression  or  irritation  are,  or  are  not,  present.  This  applies 
equally  to  projectiles  or  other  foreign  substances  which  may  have  been  partly  forced 
into  the  brain-substance  and  are  within  reach. 

3.  When  a  patient  has  sustained  a  gunshot  fracture  of  the  cranium,  although 
the  evidence  as  to  the  nature  of  the  injury  may  not  be  precise,  if  it  may  reasonably 
be  inferred  that  the  fracture  has  been  accompanied  with  depression,  or  with  penetra- 
tion of  the  surface  of  the  brain,  and  the  existing  symjitorns  of  cerebral  compression 
or  irritation  not  only  do  not  yield  notwithstanding  the  continued  employment  of 
remedies,  but  rather  show  a  tendency  to  become  worse,  or  the  symptoms  become  so 
severe  that  extinction  of  life  seems  to  be  threatened,  trephining  is  justifiable  under 
the  hope  that  it  may  be  the  means  of  arresting  or  removing  the  source  of  local 
mischief,  and  so  averting  the  threatened  fatal  consequences. 

4.  Lastly,  at  a  later  period,  after  gunshot  fracture  of  the  cranium  with  or  without 
distinct  evidence  of  penetration  of  the  dura  mater  or  brain,  if,  after  a  considerable 
period  of  convalescence,  grave  signs  of  cerebral  compression  or  irritation  manifest 
themselves,  and  these  become  more  and  more  intensified  in  spite  of  other  methods  of 
treatment,  then  the  trephine  should  be  employed  in  the  hope  of  finding  the  source  of 
compression  or  irritation  localised  and  within  reach  of  relief. 

5.  In  any  case  in  which  trephining  is  performed,  especially  in  cases  where  the 
dura  mater  has  not  been  previously  exjwsed  by  the  injury,  the  operation  should  be 
done  with  strictly  antiseptic  precautions  if  possible.  The  relative  immunity  from 
irritation,  from  suppuration,  and  the  rnore  rapid  healing  of  wounds  which  have  been 
inflicted  in  opening  the  cranium  under  antiseptic  precautions  wherr  contrasted  with 
others  in  which  similar  treatment  has  not  been  adopted,  have  been  demonstrated 
very  conclusively. 

Wounds  tvith  fracture  of  the  cranium  and  lodgment  of  the  projectile. — In 
all  such  cases,  whether  the  projectile  is  only  lodged  superficially  or  has  penetrated 
deeply,  if  the  site  of  lodgment  be  obvious,  it  should  be  removed  with  as  little  delay 
and  as  little  disturbance  as  possible.  If,  however,  the  place  of  lodgment  is  not 
definitely  known,  but  is  only  supposed  by  inference  to  be  at  a  particular  spot,  either 
beneath  the  cranium  or  in  the  br  ain,  operative  interference  for  its  removal  can  hardly 
be  regarded  as  a  warrantable  operation.  As  already  mentioned,  leaden  bullets  after 
fracturing  the  cranium  are  fortunately,  in  a  considerable  number  of  cases,  caught  by 
the  broken  bone  and  so  prevented  from  passing  onward  into  the  brain.  There  is  no 
particular  difficulty  in  removing  these  missiles,  but  they  are  often  fixed  very  fir  mly 
in  the  bone,  part  of  the  lead  entering  the  diploe,  so  that  they  are  only  dislodged 
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with  considerable  effort.    Sometimes  the  bullet  or  part  of  it  glides  onward  between 
the  bone  and  the  dura  mater,  and  is  lost  to  sight.    Under  such  circumstances,  if  it 
can  be  felt  by  a  curved  probe,  it  may  be  removed  by  suitable  instruments  ;  but  it  is 
not  advisable  to  make  prolonged  efforts  for  extracting  the  missile  from  such  a 
situation  when  it  cannot  readily  be  found  ;  if  the  patient  survives,  it  will  probably 
approach  the  opening  of  entrance  with  the  subsequent  discharge,  and  may  then  be 
easily  removed.    In  other  less  fortunate  cases  the  dura  mater  is  j:>enetrated,  and  the 
missile  enters  the  cerebral  substance.    The  force  is  often  so  much  expended  in  effect- 
ing its  entrance  through  the  bone,  that  it  does  not  pass  deeply  and  lies  within  com- 
paratively easy  reach  of  extraction.    Dr.  Otis  has  recorded  in  the  History  of  the 
United  States'  Civil  War,  that  among  186  cases  in  which  bullets  penetrated  the  brain 
they  were  removed  in  85  instances,  and  that  in  43  of  these  instances  the  patients 
survived.    In  the  remaining  101  cases  the  foreign  body  could  not  be  removed. 
When  a  bullet  has  passed  so  deeply  into  the  brain  as  to  be  altogether  beyond  obser- 
vation, if  the  patient  should  survive  long  enough,  a  sinus  will  sometimes  become 
established  ;  and  a  specimen  in  the  Museum  at  Netley  establishes  the  fact  that  under 
such  circumstances  it  is  possible  to  determine  the  exact  site  of  lodgment  of  the  pio- 
jectile  by  exploration,  and  successfully  to  extract  it.    The  case  referred  to  is  a  very 
remarkable  one,  and  as  far  as  I  am  aware  is  unique.    The  specimen  No.  562  consists 
of  the  fragments  of  a  rifle  bullet  with  a  piece  of  bone  fixed  in  the  larger  portion, 
which  were  removed  from  the  base  of  the  left  lateral  ventricle  of  the  brain,  after 
three  and  a  half  months'  lodgment,  under  the  following  circumstances  : — The  patient, 
a  sei'geant  of  a  Prussian  grenadier  regiment,  was  wounded  at  Spicheren  on  August 
6,  1870,  by  a  Chassepdt  bullet  on  the  left  side  of  the  head.    He  was  rendered  insen- 
sible and  remained  so  till  August  23,  when  he  recovered  consciousness.    The  right 
side  of  his  body  was  paralysed.  On  September  4  he  had  an  epileptiform  fit.   A  further 
examination  of  the  wound  was  then  made,  and  a  piece  of  bone  and  three  small  frag- 
ments of  lead  were  discovered  in  the  brain  near  its  surface,  and  were  removed.  The 
fits  continued  several  times  daily,  but  at  the  end  of  September  they  lessened  in 
frequency,  and  the  paralysis  began  to  decrease.    On  October  2  Dr.  Junker  took 
charge  of  the  patient.     He  was  still  hemiplegic,  but  able  to  move  his  fingers 
partially,  was  giddy  and  faint  on  trying  to  raise  his  head,  was  semi- comatose,  and 
had  almost  daily  epileptiform  fits.    His  memory  was  nearly  lost.    The  appetite  for 
food  was  good.    A  sinus  led  from  the  wound,  and  a  moderate  discharge  of  thin  pus 
came  through  a  drainage-tube  inserted  into  it.    On  November  22  an  elastic  bougie 
was  passed  by  Dr.  Junker  into  the  opening,  and  a  narrow  canal  was  found  leading  to 
the  base  of  the  left  ventricle.    An  electiic  probe  being  introduced  showed  that  metal 
was  lying  at  the  bottom,  and  eventually  two  pieces  of  lead  were  separately  extracted, 
together  weighing  275  grains.    After  this  operation  no  more  fits  occurred  and  the 
paralysis  rapidly  disappeared..    He  now  regained  strength,  but  became  excitable  and 
intolerant  of  society  to  which  he  had  been  previously  indifferent.     The  wound 
gradually  healed  by  granulation,  the  drainage  tube  being  dispensed  with  in  February 
1871.    He  was  then  able  to  sit  up  for  an  hour  daily.    On  April  7  he  was  well 
enough  to  be  taken  out  in  an  invalid  chair,  and  by  September  1,  1871  he  was  able 
to  walk  with  a  stick  and  to  read  large  print.    He  was  then  discharged  from  hospital. 
This  sergeant  was  seen  in  September  1876,  six  years  after  his  wound.    He  had 
married  in  June  of  that  year  and  was  able  to  keep  the  books  and  correspondence  of  a 
large  drapery  business.    Sexual  desire  was  defective.    He  had  a  peculiar  gait  in 
walking,  tottering,  unless  looking  at  his  feet,  and  recalling  the  appearance  of  a  person 
in  the  second  stage  of  locomotor  ataxy.    The  motory  and  sensory  powers  of  the  legs 
were,  however,  perfect,  and  the  muscles  well  developed. 

It  is  not  necessary  to  refer  in  detail  to  the  constitutional  or  local  treatment  of 
patients  who  may  survive  the  infliction  of  these  almost  desperate  wounds  of  the  head, 
in  which  fracture  of  the  cranium  is  complicated  with  deep  penetration  of  the  pro- 
jectile. As  in  all  other  severe  wounds  of  the  kind,  the  general  treatment  may  be 
summed  up  as  consisting  of  the  persistent  employment  of  every  means  that  may  be 
likely  to  assist  in  lessening  cerebral  congestion,  and  preventing  the  diffusion  of  in- 
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flamination  over  the  surfaca  of  the  brain  aud  its  membranes  ;  the  most  careful 
regimen,  very  spare  diet,  strict  rest  and  quiet,  the  use  of  antimonials,  occasional 
purgatives,  cool  antiseptic  applications  locally,  aud  perhaps  depletion  by  venesection 
in  case  of  inflammatory  symptoms  arising. 

Gunshot  Injuries  of  the  Spine. 

Owing  to  the  anatomical  relations  of  the  head  and  spine,  gunshot  injuries  of 
the  two  regions  are  closely  associated  in  some  of  their  characteristic  features.  In 
both  regions  corresponding  considerations  must  be  entertained  by  the  surgeon  in 
reference  to  the  important  nerve-structures,  with  their  membranes,  which  are  likely 
to  be  involved  in  any  injury  to  their  osseous  envelope;  in  both,  the  effects  of  con- 
cussion, compression,  laceration  of  substance,  or  subsequent  inflammatory  action, 
chiefly  attract  attention.  In  numerous  instances,  however,  spinal  wounds  are  com- 
plicated with  serious  lesions  of  adjoining  regions;  from  the  missiles,  if  not  arrested 
in  their  progress  by  the  vertebral  column,  passing  on  and  implicating  the  structures 
of  the  neck,  or  the  thoracic  or  abdominal  cavities,  according  to  the  part  of  the  spine 
wounded.  As  met  with  in  warfare,  the  injuries  of  this  region,  when  accompanied 
with  fracture  of  bone,  in  a  large  majority  of  instances  sooner  or  later  entail  fatal 
results ;  when  recovery,  either  partial  or  complete,  does  take  place,  the  fracture  is 
usually  confined  to  one  of  the  apophyses  of  a  vertebra,  generally  the  spinous,  and  is 
the  result  of  the  stroke  of  a  bullet  or  other  small  projectile,  the  velocity  of  which 
has  been  considerably  expended  before  the  impact.  I  have  only  met  with  one  case 
in  which  the  body  of  a  vertebra  was  diagnosed  to  be  wounded  among  the  records  of 
the  men  who  were  invalided  after  the  Crimean  War.  In  this  instance  a  persistent 
sinus  afforded  the  opportunity  of  establishing  the  diagnosis.  The  soldier,  Private  W. 
K.,  90th  Regt.,  was  wounded  by  a  musket-bullet  across  the  lower  part  of  the  back 
at  the  assault  of  the  Redan  on  September  8,  1855.  He  was  admitted  at  Fort  Pitt, 
Chatham,  in  July  1855,  and  discharged,  invalided,  on  September  15,  1856,  on 
account  of  '  a  severe  gunshot  wound  of  the  pelvis  and  loins,  with  continuing 
exfoliation  of  bone.'  Staff  Surgeon  Parry's  report  was  that  'the  ball  entered  im- 
mediately above  the  posterior  superior  spine  of  the  ilium  on  the  right  side,  passed 
obliquely  across,  and  emerged  below  the  posterior  spine  on  the  opposite  side.  Several 
portions  of  bone  have  been  removed  in  the  course  of  treatment.  There  is  an 
extensive  sinus  following  the  course  of  the  ball  from  the  aperture  of  entrance  to  that 
of  exit,  showing  that  the  missile  passed  in  front  of  the  bodies  of  the  vertebrae.  There 
is  still  much  discharge  from  the  sinus,  but  his  general  health  is  good.'  Had  this 
report  not  been  furnished  by  so  careful  an  observer  as  Staff  Surgeon  Parry,  the 
anatomical  relations  of  the  parts  might  well  have  led  to  a  doubt  whether  the  spinous 
process  of  either  the  fourth  or  filth  lumbar  vertebra  was  not  the  part  of  the  spine 
injured. 

Concussion  of  the  spinal  column,  leading  to  paralysis  more  or  less  persistent,  is 
not  unusually  occasioned  by  fragments  of  shell,  or  large  projectiles  of  the  indirect 
kind  ;  and  in  these  cases  the  accidents  are  mostly  accompanied  by  extensive  con- 
tusion and  other  lesions  of  neighbouring  structures.  Even  in  relatively  slight  cases, 
as  regards  the  injury  to  the  vertebral  column  by  such  projectiles,  the  injury  to  the 
spinal  muscles  is  apt  to  entail  permanent  impairment  of  their  muscular  power,  so 
that  the  erect  position  cannot  be  maintained  long  together  ;  or  the  severe  contusion 
leads  to  abscess,  or  sloughing,  followed  by  cicatrical  contractions,  which  may  either 
restrict  a  man  from  assuming  an  upright  posture  or  from  bending  forward.  Many 
wounds  of  the  spine,  especially  wounds  caused  by  heavy  direct  projectiles,  are  im- 
mediately fatal,  and  consequently  not  distinguished  in  the  surgical  returns  ;  they 
only  appear  in  the  general  list  of  killed  in  action. 

In  military  practice  in  the  field,  injuries  of  the  spine  are  specially  liable  to  be 
aggravated  by  the  effects  of  the  necessary  removals  of  patients  from  station  to 
station  owing  to  the  almost  insuperable  difficulty  of  immobilising  the  injured  struc- 
tures in  this  situation  by  any  available  appliances  during  the  transport.    A  compara- 
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tively  trifling  injury,  too,  which  might  be  readily  followed  by  recovery  under  the 
rest  and  careful  nursing  in  a  permanent  hospital,  may  result  in  serious  consequences 
from  the  effects  of  exposure  on  active  service.  The  following  will  serve  as  an 
example  : — A  man  of  the  57th  Regt.  received  a  slight  injury  of  the  lumbar  portion  of 
the  spine  from  a  fragment  of  shell  in  December,  1854,  in  the  trenches  before 
Sebastopol.  He  resumed  duty  ;  but  shortly  afterwards,  on  being  exposed  to  extreme 
cold,  was  attacked  by  paralysis  of  the  whole  left  side.  He  was  discharged  from  the 
service  as  an  invalid  at  Chatham  in  September,  1855,  still  suffering  from  partial 
paralysis  of  motion  and  sensation  of  the  left  upper  and  lower  extremities  with 
defective  power  of  articulation. 

In  the  '  Surgical  History  of  the  Crimean  Campaign '  32  cases  admitted 
to  hospital  are  noted  in  which  vertebras  were  fractured  ;  10  being  without 
apparent  lesion  of  the  spinal  cord,  and  22  with  evident  lesion.  Of  these,  28 
died ;  and  4  in  which  the  fractures  were  confined  to  the  processes  of  the 
vertebras,  survived  to  be  invalided.  Of  323  patients  admitted  for  gunshot  con- 
tusions and  flesh  wounds  in  the  neighbourhood  of  the  spinal  column,  243  returned 
to  duty,  60  were  invalided,  and  20  died.  Dr.  Chenu's  returns  show  that  out  of  194 
fractures  of  bones  of  the  vertebral  column  in  the  French  army  caused  by  bullets  or 
shell,  181  men  died,  11  survived  to  be  pensioned,  and  2  were  discharged  cured.  In 
the  two  latter  instances  the  sacrum  had  been  fractured.  Six  men  only,  who  had 
suffered  gunshot  fractures  of  the  vertebral  column  during  the  Sepoy  mutiny  in 
India,  arrived  at  Chatham.  In  all,  the  wounds  were  the  results  of  musket-balls. 
Two  were  wounds  of  the  sacrum  ;  in  the  remainder,  the  portions  of  the  vertebra? 
fractured  were  the  spinous  processes.  A  table  is  published  in  the  '  Surgical  History 
of  the  United  States'  War,'  which  shows  the  results  of  628  cases  of  gunshot  injuries 
of  the  vertebral  column  which  came  under  hospital  treatment.  Of  this  number, 
349  died,  175  survived  but  were  discharged  from  service,  while  104  returned  to 
duty.  The  mortality,  therefore,  injuries  in  all  portions  of  the  spine  being  included, 
was  55'5  per  cent.  Another  table  shows  that  bullets  were  removed  in  32  instances 
in  which  portions  of  vertebra?  had  been  fractured,  and  fragments  of  bone  in  24  cases. 
After  the  former  operation  13  died,  15  were  discharged  from  service,  and  4 
returned  to  duty;  after  the  latter,  10  died,  7  were  discharged  from  service,  and  7 
returned  to  duty  or  were  exchanged  as  prisoners  of  war.  In  9  of  these  cases  the 
spinous  process  alone  or  portions  of  it  were  removed,  and  the  7  who  returned  to 
duty  were  of  this  category.  In  5  of  the  cases  where  the  recovery  occurred  after 
removal  of  portions  of  the  lamina?  or  transverse  processes,  nearly  all  were  left  with 
serious  disabilities.  In  one  fatal  case  in  the  Crimea,  a  bullet  passed  through  the 
spine  rather  below  the  first  dorsal  vertebra,  leading  to  complete  loss  of  sensation  and 
voluntary  rrrotion  below  the  seat  of  injury.  Death  occurred  on  the  sixteenth  day. 
In  another,  a  rifle-bullet  entered  the  right  side  of  the  second  lumbar  vertebra, 
traversed  the  spinal  canal  at  that  part,  and  lodged  in  the  body  of  the  bone.  In  this 
latter  case,  violent  pain  was  experienced  in  both  groins  and  lower  extremities.  The 
patient  was  paraplegic,  and  death  ensued  thirty-three  hours  after  admission.  In 
another  fatal  case,  a  rifle-bullet  passed  through  the  right  cheek,  and  lodged  near  the 
base  of  the  skull.  There  was  no  paralysis,  but  delirium  and  coma  supervened,  and 
the  patient  died  five  days  after  receiving  the  wound.  The  bullet  was  found,  after 
death,  lying  just  below  the  basilar  process,  and  a  large  piece  of  the  atlas  was  broken 
off  and  almost  detached.  The  spinal  cor  d  did  not  appear  to  have  been  primarily 
injured  ;  but  acute  inflammation  had  been  set  up,  and  had  extended  to  the  membranes 
of  the  brain.  There  is  a  preparation  in  the  Museum  at  Fort  Pitt,  which  shows  a 
gunshot  fracture  both  of  the  atlas  and  axis,  without  lodgment  of  the  ball.  The 
patient  survived  thirty  days.  In  a  case  elsewhere  referred  to  (p.  533),  under  the 
care  of  the  writer  in  the  Crimea,  a  rifle-bullet  wounded  the  right  loin,  entered  the 
spinal  canal  between  the  third  and  fourth  lumbar  vertebra?,  breaking  the  lamina?, 
passed  upwards  within  the  column,  between  it  and  the  cord,  and  made  its  exit 
through  the  left  intervertebral  foramen  between  the  second  and  third  vertebra?,  as 
shown  after  death  four  years  afterwards,  and  yet  no  paralysis  occurred  at  the  time 
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of  the  injury,  or  during  the  time  he  was  under  treatment  in  tbe  regimental  hospital, 
a  period  of  nearly  four  months,  nor  were  any  symptoms  indicative  of  injury  to  the 
spinal  cord  present.  The  bullet  was  passed  per  rectum  while  the  man  was  sitting  on 
a  close-stool,  and,  as  minute  particles  of  bone  were  imbedded  in  the  apex,  it  was 
evident  some  part  of  the  spine  had  been  injured.  The  subsequent  escape  of  some 
small  spiculse  of  bone  by  the  external  wound,  and  some  tenderness  on  pressure  of 
the  spine  near  the  seat  of  injury,  confirmed  the  fact,  but  it  was  presumed  to  be  the 
transverse  process  of  the  second  lumbar  vertebra  which  had  been  fractured.  No 
evidence  was  afforded  at  the  post-mortem  inspection  of  thecal  inflammation  having 
been  excited  (see  '  Guy's  Hospital  Reports,'  vol.  v.  1859).  It  is  maintained  in  the 
History  of  the  United  States'  War,  that  paralysis  was  absent  in  several  instances 
where  the  cord  was  injured  in  the  lumbar  portion  of  the  spine. 

In  gunshot  wounds  of  any  part  of  the  vertebral  column,  when  the  walls  of  the 
spinal  canal  have  been  crushed  inwards,  the  mischief  done  is  usually  so  complicated 
and  the  medulla  itself  is  so  greatly  injured,  that  the  cases  must  be  very  rare  indeed 
in  which  the  operation  of  trephining,  if  justifiable  in  any  case,  can  offer  the  slightest 
prospect  of  benefit.  In  cases  where  bullets  have  become  impacted  among  the 
vertebral  processes,  or,  after  fracturing,  are  lying  among  the  fragments  of  bone,  their 
position  being  known  and  within  reach,  steps  should  be  taken  by  ordinary  means  for 
their  extraction,  and  on  the  same  principles  loose  splinters  of  bone  should  be  removed 
by  the  surgeon.  But  unless  they  are  quite  detached,  it  is  better  to  leave  them  to  be 
cast  off  naturally  as  sequestra,  should  the  patient  survive  sufficiently  long.  In  all 
general  respects,  patients  suffering  from  the  effects  of  gunshot  injuries  of  the  spine 
should  be  treated  in  the  same  manner  as  patients  with  spinal  injuries  from  ordinary 
accidental  causes. 

Gunshot  Injuries  of  the  Face. 

Gunshot  injuries  of  the  face  are  usually  more  distressing  from  the  deformity 
attending  them  than  dangerous  to  life.  Out  of  573  such  cases  registered  in  the 
Crimea  among  the  British  forces,  only  14,  or  2'44  per  cent.,  died.  No  fatal  case 
occurred  among  forty  officers  wounded  in  this  region.  The  proportionate  mortality 
from  them  in  the  French  army  was  larger.  Dr.  Chenu's  returns  show  that  out  of 
1,747  men  wounded  in  the  face  and  eyes  by  gunshot,  287,  or  1642  per  cent.,  died. 
In  the  '  Surgical  History  of  the  United  States'  War,'  7,868  wounds  of  the  face,  the 
results  of  which  were  known,  are  tabulated,  and  among  these  were  462  deaths,  a 
mortality  of  5 '8  per  cent.  In  the  British  returns  simple  flesh  contusions  and  wounds 
(1)  are  distinguished  from  (2)  wounds  penetrating  or  perforating  the  bony  structures 
of  the  face,  and  from  (3)  wounds  with  lesion  of  one  or  both  eyes.  Of  section  (1) 
there  were  415  cases  with  only  one  death,  a  mortality  of  0-24  per  cent. ;  of  (2)  113 
cases,  and  among  them  10  deaths,  8-85  per  cent.  ;  of  (3)  45  cases  with  3  deaths, 
6-66  per  cent.  In  the  United  States'  war,  there  were  3.764  cases  of  gunshot  flesh 
wounds  of  the  face,  the  results  of  which  were  known,  with  58  deaths,  a  mortality  of 
1-54  per  cent.  ;  of  gunshot  fractures  of  facial  bones,  2,982  cases  with  340  deaths,  11  "4 
per  cent. ;  and  of  gunshot  wounds  of  the  orbital  region,  1,122  cases,  with  64  deaths,  a 
mortality  of  5'7  per  cent. 

The  absence  of  organs  essential  to  life ;  the  numerous  natural  divisions  among 
the  bones,  and  their  comparatively  soft  structure,  causing  them  to  be  less  liable  to 
extensive  splitting ;  the  copious  vascular  reticulation  and  supply  rendering  necrosis 
so  much  less  likely,  and  repair  so  much  easier,  when  no  continued  source  of  irritation 
remains,  than  in  other  bones  ;  the  limited  amount  of  space  occupied  by  the  osseous 
structure  between  their  respective  periosteal  investments ;  and  the  opportunities 
from  the  number  of  cavities  and  passages  connected  with  this  region  for  the  escape 
of  discharges — are  all  causes  of  the  comparatively  favourable  results  of  many  grave 
wounds  in  this  as  regards  wounds  of  equal  severity  in  other  regions.  On  the  other 
hand,  the  vascularity  of  this  region  leads  to  danger  of  primary,  and  especially 
secondary,  haemorrhage — a  circumstance  which  in  all  deep  wounds  of  the  face  must 


OF  THE  FACE. 


511 


be  looked  for  as  a  not  improbable  complication.  The  lodgment  of  a  projectile  among 
fractured  bones,  or  in  one  or  other  of  the  cavities  of  this  region,  is  not  an  unfrequent 
accident.  If  permitted  to  remain  in  contact  with  bone,  the  foreign  body  leads  to 
continued  exfoliations  in  some  bones,  to  extended  caries  in  others.  An  officer  of 
the  Light  Division  was  shot  at  the  Alma  in  the  mouth  by  a  musket-bullet.  The 
lower  maxilla  was  broken  on  one  side.  Exfoliation  of  necrosed  sequestra  followed 
from  time  to  time  for  two  years  subsequently.  At  the  end  of  this  time  the  bullet 
was  found  lodged  near  the  angle  of  the  jaw  and  removed.  Repair  speedily  followed 
its  removal.  If  lodged  in  one  of  the  mucous  cavities  of  this  region,  such  foreign 
bodies  lead  to  fetid  purulent  discharges,  as  offensive  to  neighbours  as  to  the  patients 
themselves.  In  the  case  of  Lieutenant  Fretz,  of  the  Ceylon  Rifles,  elsewhere  pub- 
lished, who  was  able  to  do  his  military  duties  for  nearly  eight  years  with  the  breech 
and  screw  of  a  burst  musket  lodged  in  the  nares,  part  of  the  tail-pin  and  screw  pro- 
truding through  the  hard  palate  into  the  mouth,  this  officer  was  excused  from 
attending  his  regimental  mess,  on  account  of  the  repulsive  odour  which  emanated 
from  his  wound.  The  length  of  time  which  such  foreign  bodies  may  be  retained 
with  comparative  impunity  in  this  region  is  remarkable.  In  the  Museum  of  Military 
Surgery  at  Netley,  there  is  the  iron  breech  of  a  burst  fowling-piece,  which  became 
lodged  within  the  nasal  fossa  in  a  somewhat  similar  manner  to  the  one  in  Lieutena  nt 
Fretz's  case.  The  breech  itself  is  exactly  similar,  but  the  screw  did  not  enter  with 
it.  The  man  to  whom  the  injury  occurred  returned  as  usual  to  his  work  as  a  farm 
labourer  after  he  had  recovered  from  the  first  effects  of  the  wound.  Twenty-three 
years  and  five  months  after  the  wound  was  inflicted  he  one  night  started  up  from 
sleep  feeling  as  if  he  were  being  suffocated,  and,  instinctively  thrusting  his  thumb 
and  finger  into  the  back  of  his  mouth,  he  drew  away  the  gun-breech  above  mentioned. 
It  had  dropped  through  the  posterior  nares  into  the  pharynx.  Other  like  cases  of 
lodgment  are  on  record,  though  none,  as  far  as  I  am  aware,  for  so  long  a  period  as 
the  one  just  mentioned. 

Wounds  from  gunshot  occasionally  illustrate  what  horrible  and  extensive  injuries 
may  be  borne  in  this  region  without  life  being  at  once  extinguished.  They  are  the 
more  distressing  because  the  patient  lives  conscious  of  his  sufferings  without  possi- 
bility of  surgical  alleviation.  An  officer  of  Zouaves,  wounded  in  the  Crimea,  had 
his  whole  face  and  lower  jaw  carried  away  by  a  ball,  the  eyes  and  tongue  included, 
so  that  there  remained  only  the  cranium,  supported  by  the  spine  and  neck.  This 
unfortunate  being  lived  twenty  hours  after  the  injury,  breathing  by  the  laryngeal 
opening  at  the  pharynx,  while  his  gestures  left  no  doubt  that  he  was  conscious  of 
his  condition.  Mr.  Guthrie  has  recorded  an  almost  similar  case  which  occurred  in 
an  officer  during  the  assaidt  of  Badajos.  This  patient  suffered  distressingly  from 
want  of  water  to  moisten  his  throat,  but  could  not  swallow  when  some  was  brought. 
One  eye  was  left  hanging  in  the  orbit,  the  floor  of  which  was  destroyed,  and  this 
enabled  him  to  write  thanks  for  attention  paid  him.  He  did  not  die  till  the  second 
night  after  the  injury.  Many  dreadful  cases  of  a  similar  kind  are  recorded  in  the 
History  of  the  United  States'  Civil  War. 

Gunshot  injuries  of  the  face  include  a  vast  variety  of  lesions  of  the  eyes  and  their 
appendages,  of  the  external  ear,  and  of  the  anatomical  structures  concerned  in  mas- 
tication, deglutition,  and  articulation.  Want  of  space  prevents  special  reference  to 
them  in  this  article  ;  but  the  omission  is  of  less  importance,  inasmuch  as  their  pr  in- 
cipal features  will  be  noticed  in  the  articles  devoted  to  the  surgery  of  the  particular 
organs  concerned.  Gunshot  injuries  of  these  parts  are  not  only  liable  to  be  them- 
selves very  complex,  but  are  not  unfrequently  accompanied  with  more  or  less  mischief 
to  adjoining  regions,  such  as  the  base  of  the  skull,  parts  of  the  neck,  and  the  frontal 
portions  of  the  cerebral  hemispheres,  so  that  in  many  instances  it  is  difficult  to  assign 
a  particular  wound  to  any  one  region  singly. 

In  the  treatment  of  gunshot  wounds  of  the  face  where  the  bones  are  much 
separated  and  displaced,  the  surgeon  should  always  retain  and  readjust  as  many  of 
the  broken  portions  as  possible.  It  is  oftsn  surprising  how  small  connections  with 
neighbouring  soft  parts  will  suffice  to  maintain  vitality,  and  lead  to  restored  union 
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in  this  region.  A  case  which  occurred  to  the  writer  in  August  1855,  in  a  private  of 
the  19th  Regt.,  is  detailed  in  the  'Lancet.'  p.  436,  of  that  year.  The  wound 
was  caused  by  a  fragment  of  shell.  The  right  half  of  the  arch  of  the  palate  was 
jammed  in  and  fixed  at  right  angles  to  the  other  half,  and  the  upper  mamillary  bone 
was  so  shattered  that  it  was  scarcely  possible  to  note  the  directions  of  the  lines  of 
fracture.  The  lower  maxilla  was  broken  in  three  places,  and  there  was  extensive 
laceration  of  the  soft  parts.  Great  difficulty  was  met  with  at  first  in  unlocking  the 
parts  of  the  palate  which  had  been  driven  into  each  other,  and,  when  they  were 
separated,  the  right  half  hung  down  loosely  in  the  mouth  ;  yet  favourable  union 
was  obtained  between  all  these  fractures,  the  broken  portions  being  adjusted  so  that 
the  man  recovered  with  both  the  upper  and  lower  maxillag  consolidated  in  their 
normal  relations  to  each  other.  No  teeth  had  been  driven  out  of  their  sockets,  and 
they  were  very  useful  as  points  of  support  in  the  steps  taken  to  procure  coaptation 
of  the  disunited  fragments. 

In  gunshot  injuries,  even  where  complete  fracture  has  not  taken  place,  the 
bones  are  often  so  contused  and  injured  that  a  certain  amount  of  necrosis  is  a 
common  occurrence  after  them.  The  natural  process  of  exfoliation  is  often  very 
slow,  and  as  the  healing  of  the  wound  is  prevented  until  the  sequestration  is  com- 
pleted, the  patient  is  often  anxious  and  the  surgeon  apt  to  be  tempted  to  anticipate 
natural  elimination  of  the  damaged  structures  by  various  surgical  proceedings  for 
then-  excision.  I  have  had  the  opportunity  of  observing  many  instances  in  which  cur  e 
has  been  delayed,  and  harm  otherwise  done,  by  the  forcible  removal  of  necrosed  bone 
before  it  had  become  detached  from  the  adjoining  living  bone ;  and,  on  the  other  hand, 
have  frequently  seen  the  advantage  of  submitting  to  the  delay  required  for  the 
natural  preparation  of  the  structures  adjoining  the  portions  which  have  lost  their 
vitality  and  which  have  to  be  thrown  off. 

In  August  1878,  an  officer  of  the  90th  Regt.,  who  had  a  short  time  before  been  wounded 
in  the  face  in  South  Africa,  came  under  my  care.  The  ascending  ramus  of  the  lower 
maxilla  had  been  struck  and  partially  fractured  by  a  bullet,  and  necrosed  bone  was  still  to 
be  felt  on  exploration.  The  power  of  depressing'  the  jaw  was  very  limited,  and  there  was  a 
salivary  fistula  in  the  cheek.  Small  sequestra  were  removed  from  time  to  time  as  they  be- 
came loose,  and  other  simple  treatment  adopted.  He  was  recommended  by  some  surgeons  to 
have  the  remaining  dead  bone  cleared  away  by  surgical  operation,  with  a  view  of  hastening 
tl  e  cure,  but  I  persuaded  him  to  await  natural  separation.  On  August  20,  1879,  the  last 
sequestrum  became  loosened,  and,  being  removed  by  a  suitable  incision,  the  wound  healed 
rapidly  and  the  salivary  fistula  disappeared.  On  the  seventh  day  after  this  operation,  the 
external  opening  in  the  cheek  was  found  to  be  quite  closed,  and  all  the  movements  of  the  jaw 
were  free  and  perfect.    The  wound  has  given  no  inconvenience  since. 

As  another  illustration  of  the  advantage  of  waiting  for  the  natural  detachment 
of  sequestra  in  such  cases  I  may  mention  a  very  interesting  case  which  occurred  to 
me  some  years  ago  at  Chatham.  Although  not  from  gunshot  injury,  it  was  a  case  of 
severe  contusion  with  fracture  of  the  lower  maxilla  in  a  soldier  of  the  97th  Regt. 
such  as  might  readily  have  occurred  from  the  stroke  of  a  fragment  of  shell.  In  this 
instance  I  excised  the  whole  of  the  ramus,  including  the  condyloid  and  coronoid 
processes,  and  part  of  the  body  of  the  lower  jaw  on  the  left  side,  and  afterwards  the 
coronoid  process  on  the  opposite  side,  in  a  necrosed  and  loose  condition. 

The  man  had  fractured  his  lower  jaw  in  a  fall  from  the  verandah  of  a  barrack  at  Calcutta 
several  months  before  his  arrival  in  England  as  an  invalid,  and,  fortunately,  none  of  the 
fragments  had  been  removed  at  the  time  of  the  injury.  While  the  natural  process  of  slough- 
ing of  the  contused  bony  fragments  had  been  going  on,  the  periosteum  had  been  making  pro- 
vision for  a  substitute  for  the  loss.  So  perfect  was  this  substitute  that  not  only  a  new  body 
and  ramus  but  also  a  new  articulation  were  formed,  and  the  muscular  connections  pre- 
served ;  and  thus,  in  the  end,  as  soon  as  the  impediments  arising  from  the  presence  of  the 
necrosed  portions  were  removed,  the  functions  of  the  jaw  were  found  to  be  scarcely  at  all 
impaired. 

The  ablation  of  some  of  the  prominent  parts  of  the  face  by  shot,  vacuities  left  in 
the  cheeks  and  other  soft  parts,  distortions  of  features  resulting  from  cicatricial  con- 
tractions after  gunshot  wounds,  frequently  give  rise  to  the  necessity  of  plastic  opera- 
tions in  this  region  ;  and  the  ingenuity  and  patience  of  surgeons  are  often  tried  in 
devising  suitable  means  for  replacing  the  lest  parts  and  removing  such  disfigurements. 
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Much  may  be  done  to  lessen  the  unsightly  condition  of  some  patients  in  these 
respects. 

The  drawings  figs.  60  and  61,  taken  from  photographs,  illustrate  what  cases  of  this  de- 
scription military  surgeons  have  to  deal  with.  Private  J.  H.,  Ryl.  Can.  Ritle  Regt.,  was 
invalided  from  Canada,  where  he  had  attempted  suicide  while  on  sentry  duty  by  placing 
his  rifle  under  his  chin  and  discharging  it.  The  bullet  entered  a  little  to  the  right  of  the 
mesial  line  of  the  lower  jaw  and  passed  out  at  the  external  angle  of  the  left  eye.  When  ad- 
mitted at  Netley,  in  October,  1863,  the  following  was  his  condition :  A  large,  deep,  and 
irregular  chasm  existed  where  the  left  cheek  ought  to  be.  The  left  eye,  lower  eyelid,  and 
lachrymal  apparatus  were  wholly  gone.  The  left  orbit,  nostril,  and  inside  of  the  mouth 
formed  one  common  cavity.  A  large  portion  of  the  hard  palate  was  missing.  The  nasal 
process  of  the  superior  maxillary  bone,  the  os  planum  of  the  ethmoid,  and  the  lacrymal  bone 
were  also  absent.  The  remnant  of  the  broken  upper  jaw  was  distorted  and  had  become 
fixed  in  such  a  position  as  to  interfere  with  mastication,  deglutition,  and  attempts  at  speak- 
ing. He  could  only  feed  himself  through  the  hole  in  the  cheek.  The  upper  lip  was  torn 
away  from  the  left  commissure,  twisted  upwards,  and  was  firmly  united  to  the  left  ala  nasi. 
'The  lower  jaw  had  been  fractured  in  several  places.    Two  of  the  fractures  were  united  by 

FIG.  60.— Vacant  Space  left  in  the  Fig.  61.— Case  of  Private  J.  II.,  Ryl. 
Face  of  Private  J.  H.,  Ryl.  Can.  Can.  Rifle  Regt.;  the  Gap, shown  in 
Rifle  Regt.,  after  a  Gunshot  Wound.  fig.  58,  covered  in  by  Plastic  Opera- 
tor description  see  text.)  tion. 


bone,  one  by  fibro-cartilage.  In  the  latter  situation  the  bone  had  been  comminuted  and 
many  fragments  removed.  In  this  case,  by  removing  teeth  which  were  not  merely  useless 
but  acting  as  obstructions,  dissecting  back  the  soft  parts  which  were  tied  down  to  the  margins 
of  the  broken  upper  maxillary  bone  and  relea.-ing  other  cicatricial  contractions,  preparing  the 
edges  of  the  structures  which  were  to  be  brought  together,  and  afterwards  suitably  arranging 
the  respective  parts,  firm  union  was  obtained  between  them  and  the  vacant  part  of  the  cheek 
closed  in.  The  aspect  of  the  man  was  improved,  and  he  was  enabled  to  take  food  in  the 
ordinary  way  and  articulate  sufficiently  well  to  make  his  language  understood.  The  growth 
of  the  moustache  by  the  left  side  of  the  nose  could  not  be  prevented. 

In  other  distressing  cases,  however,  the  parts  carried  away  are  so  extensive,  or 
are  so  situated  and  of  such  a  nature,  that  no  means  are  available  for  attempting  their 
restitution  or  for  covering  by  natural  structures  the  gaps  left  by  their  removal. 
Cases  of  ablation  of  the  chin  and  lower  jaw  by  large  projectiles  afford  examples  of 
these  irreparable  injuries.  In  these  and  other  similar  cases  when  life  is  preserved, 
prothetic  supports  and  substitutes  for  the  lost  parts  remain  the  only  resource  for 
affording  help  to  the  mutilated  sufferers  and  in  some  degree  concealing  their  de- 
formities. 

Gunshot  Injuries  op  the  Neck. 

Gunshot  injuries  of  this  region,  as  they  are  observed  in  military  hospitals,  are  not 
so  fatal  as  might  be  anticipated  from  the  large  vessels  and  important  canals  leading 
to  the  thorax  and  abdomen  which  are  so  exposed  by  their  position,  and  apparently 
so  unprotected.  Out  of  147  cases  of  gunshot  injuries  of  the  neck  admitted  into  the 
English  hospitals  in  the  Crimea,  there  were  only  6  deaths — a  mortality  of  4-08  per 
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cent.  The  mortality  in  the  French  army  was  much  greater.  Dr.  Chenu's  returns 
show  that,  out  of  38 1  patients  with  gunshot  wounds  of  the  neck  in  the  French 
ambulances,  excluding  those  in  which  the  spine  was  injured,  100  died — a  mortality 
of  26 '2  per  cent.  The  greater  fatality  in  the  French  hospitals  is  probably  to  be 
explained  by  more  of  the  French  cases  having  been  complicated  with  lesions  of  the 
air-passages,  or  of  the  pharynx  and  oesophagus,  than  happened  among  the  British 
wounded.  The  '  Surgical  History  of  the  United  States'  War '  contains  a  table  of  4, 1 1 4 
gunshot  wounds  of  the  neck  without  known  injury  to  the  cervical  vertebrae,  the 
results  of  which  had  been  determined.  Of  this  number,  2,413  returned  to  duty,  1,083 
were  discharged  from  service,  and  618  died.  The  mortality  was,  therefore,  15  per 
cent.  In  29  of  these  cases  ligations  of  vessels  were  performed,  6  being  of  the  primary 
carotid,  with  22  deaths;  in  6  bronchotomy,  with  4  deaths;  in  87  bullets  were  re- 
moved, and  among  these  cases  there  were  12  deaths.  In  no  region  are  so  many 
examples  offered  of  large  vessels  meeting,  but  escaping  from  bullets  in  their  passage, 
as  in  this  ;  because  the  cause  which  operates  elsewhere — ready  mobility  among  long 
and  yielding  structures — exists  in  a  greater'  degree  in  the  neck  than  in  any  other 
region.  Where  any  of  the  larger  vessels  happen  to  be  divided  in  the  field  of  action 
by  projectiles,  death  must  follow  almost  without  exception  immediately  after  the 
injury. 

Many  superficial  wounds  of  the  neck  occur,  especially  in  its  lateral  and  posterior 
regions,  in  which  the  projectiles  simply  graze  the  integuments  or  course  beneath 
them,  and  heal  without  ill  results.  But,  if  the  larynx  or  upper  part  of  the  trachea 
be  violently  contused  by  the  passing  bullet,  even  although  penetration  is  escaped 
from,  and  inflammation  does  not  become  established,  hoarseness  or  aphonia  of  varying 
degrees  will  in  some  instances  result  permanently.  The  case  of  Lieut.  M.  mentioned 
below  is  an  instance  of  aphonia  following  an  injury  of  this  kind.  The  larynx  and 
trachea  being  very  prominent  in  front  of  the  neck,  and  the  pharynx  and  oesophagus 
very  accessible  to  bullets,  are,  in  the  more  complicated  and  deeper  wounds,  the 
organs  which  chiefly  attract  attention  in  warfare ;  but  a  consideration  of  the 
anatomy  of  this  region  will  at  once  show  what  numerous  other  complications,  and 
what  disabling  effects,  whether  from  injury  to  cervical  nerves,  from  inflammatory 
action,  or  from  muscular  and  cicatricial  contractions,  gunshot  wounds  of  the  neck 
are  liable  to  entail.  It  might  well  be  anticipated  that  wounds  of  the  larynx  and 
trachea,  from  their  exposed  situation  anteriorly,  and  the  space  they  occupy  in  the 
neck,  would  form  rather  a  large  proportion  of  the  wounds  of  this  region  which  have 
to  be  treated  in  military  hospitals,  but  the  fact  is  not  so.  Among  the  147  cases  of 
cervical  wounds  treated  among  the  British  troops  in  the  Crimean  war,  only  7  appear 
in  the  returns  as  having  been  accompanied  with  wounds  of  the  air-passages,  or  4'76 
per  cent.,  6  of  these  being  lesions  of  either  the  larynx  or  trachea,  and  1  of  both  larynx 
and  oesophagus. 

The  distinction  between  similarly  complicated  and  uncomplicated  wounds  of  the 
neck  is  not  shown  in  the  French  Crimean  returns.  It  is  stated  in  the  '  Surgical 
History  of  the  United  States'  War  '  that  the  air-passages  were  implicated  in  about  2 
per  cent.  (2"2)  of  the  gunshot  wounds  of  the  neck  that  came  under  treatment,  and  it 
is  further  remarked  that  there  is  ample  evidence  of  missiles  being  diverted  from 
their  course  on  impact  with  the  trachea.  When  the  larynx  or  trachea  is  traversed 
by  a  bullet,  respiration  is  carried  on  usually  through  the  openings,  and,  if  the  case 
goes  on  favourably,  on  one  opening  becoming  healed,  the  passage  of  air  is  still  con- 
tinued through  the  remaining  opening.  On  both  apertures  becoming  healed,  respira- 
tion through  the  glottis  becomes  re-established  ;  but,  however  favourable  in  other 
respects  the  course  of  the  lesion  may  have  been,  more  or  less  impairment  of  the  voice, 
sometimes  reduced  to  a  whisper,  and  occasionally  dyspnoea  from  contraction  of  the 
passage,  are  liable  to  occur  as  a  permanent  result.  In  other  lesions  of  the  larynx 
and  trachea  by  shot,  such  disabilities  may  prove  to  be  only  temporary  in  duration. 
A  case  occurred  in  the  Crimea  in  which  the  thyroid  cartilage  was  fractured,  but 
apparently  not  penetrated  by  a  bullet,  and  in  which  the  wound  was  followed  by 
complete  aphonia,  but  healed  readily,  and  the  voice  returned.    The  same  favourable 
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result  may  ensue  when  the  thyroid  cartilage  is  only  superficially  grazed.  Complete 
aphonia  followed  an  injury  of  this  kind  in  an  officer  wounded  in  the  Crimea,  but  the 
loss  of  voice  fortunately  proved  to  be  only  temporary. 

A  short  account  of  a  few  of  the  more  serious  gunshot  wounds  of  the  neck  treated 
during  the  war  will  serve  to  exhibit  some  of  the  leading  symptoms  connected  with 
them  when  the  larynx,  or  larynx  and  oesophagus,  are  involved. 

Lieut.  M.,  of  the  19th  Regiment,  came  under  the  care  of  the  writer  for  a  wound  of  this 
region  after  the  assault  of  September  8,  1855,  in  the  Crimea.  In  this  instance  the  neck  was 
completely  traversed,  the  oesophagus  perforated  from  side  to  side,  and  the  larynx  injured 
posteriorly,  but  Dot  apparently  penetrated.  An  attempt  to  swallow  some  water  shortly  after 
he  reached  the  advanced  trench  nearly  choked  him.  After  the  shock  had  subsided,  the  leading 
symptoms  were  aphonia,  escape  of  blood  by  the  mouth,  dysphagia,  numbness  of  one  arm,  oedema 
and  stiffness  of  the  neck,  distressing  accumulation  of  mucus  mixed  with  blood  about  the 
fauces,  and  slight  pyrexia.  Recovery  progressed  favourably  under  simple  treatment,  and  on 
the  twenty-second  day  after  the  injury  both  external  wounds  in  the  neck  were  healed,  and 
those  in  the  oesophagus  appeared  to  be  closed  also.  A  more  complete  history  of  this  case 
may  be  found  in  the  Lancet  of  November  10,  1855.  The  patient  referred  to  still  suffered  in 
1880,  when  I  last  heard  of  him,  from  a  certain  amount  of  aphonia.  It  was  not  enough  to 
prevent  him  from  performing  his  duties  on  becoming  a  captain  in  his  regiment,  but  the 
want  of  sufficient  power  of  voice  disabled  him  for  a  more  extensive  command  as  a  field 
officer,  and  caused  him  to  quit  active  service  in  the  army.  A.nother  officer,  wounded  in  the 
same  action,  in  whose  case  emphysema  of  the  neck,  oedema  of  the  glottis,  great  dyspnoea,  and 
threatened  suffocation  gradually  supervened  in  a  superficial  gunshot  weund  of  the  neck  with 
fracture  of  the  thyroid  cartilage,  was  treated  by  Assistant-Surgeon  Cowan,  55th  Regiment, 
who  performed  tracheotomy  on  the  eighth  day  after  the  wound,  and  thereby  saved  the 
patient's  life.  He  left  for  England  on  October  28.  In  the  case  of  another  officer  the  ball 
passed  through  the  thyro-hyoid  membrane,  fractured  the  thyroid  cartilage,  and  tore  the 
lining  membrane  of  the  glottis.  Liquids  could  not  be  prevented  from  passing  into  the  trachea 
through  the  wound  made  by  the  projectile,  the  trachea  became  clogged,  and  suffocation 
appeared  imminent.  Tracheotomy  was  performed  on  the  day  after  the  injury,  but  the 
patient  did  not  rail}*,  and  died  twenty-six  hours  after  the  receipt  of  his  wound.  A  private 
of  the  97th  Regiment  was  treated  by  the  late  Surgeon  Porter,  in  whom  a  bullet  entered  at 
the  pomum  Adami  on  September  8,  1855,  and  passed  out  by  the  anterior  edge  of  the  right 
sterno-mastoid  muscle.  The  precise  situation  of  the  entrance  opening  is  not  recorded.  Loss 
of  voice,  frequent  cough,  bloody  sputa,  slight  emphysema  at  the  wound  of  entrance,  and 
nausea,  were  the  leading  symptoms.  Bubbles  of  air  appeared  at  every  expiration  at  the 
wound  of  entrance,  and  when  the  man  attempted  to  drink,  some  of  the  fluid  escaped  by  the 
wound  of  exit.  After  five  days  this  occurrence  ceased ;  and  after  the  twelfth  day,  air  no 
longer  passed  out  of  the  wound  of  entrance.  Both  wounds  gradually  healed  ;  but  aphonia — 
the  voice  being  reduced  to  a  whisper — existed  when  the  man  left  the  regimental  hospital. 
He  was  discharged  from  the  army  at  Chatham  on  March  4,  1856,  on  account  of  loss  of 
voice  and  impaired  movements  of  the  right  side  of  neck  and  shoulder  from  cicatricial  con- 
tractions. A  soldier  of  the  Rifle  Brigade,  under  the  care  of  Dr.  Fraser,  C.B.,  then  surgeon 
of  the  battalion,  had  been  shot  through  the  trachea,  and  respiration  was  for  some  time 
carried  on  by  the  wound ;  gradually,  however,  it  completely  healed,  and  a  favourable  re- 
covery ensued.  Another  interesting  case  occurred  in  Private  H,  Finn,  of  the  same  battalion, 
at  the  last  assault  of  the  Redan.  A  rifle-ball  entered  this  man's  neck  at  the  lower  and  inner 
border  of  the  left  sterno-mastoid  muscle,  passed  across  under  the  slrin,  wounding  the  anterior 
surface  of  the  trachea  just  below  the  level  of  the  cricoid  cartilage,  severed  some  fibres  of  the 
inner  edge  of  the  right  sterno-mastoid,  and  effected  its  exit.  On  admission  into  the  regimental 
hospital  he  made  several  ineffectual  efforts  to  speak,  during  which,  as  well  as  at  each  respira- 
tory movement,  air  and  bloody  mucus  escaped  from  both  apertures  in  the  throat.  The  loss  of 
voice  disappeared  after  the  sixth  day.  The  man  was  wounded  at  the  same  time  by  two  other 
rifle-balls,  both  flesh  wounds,  one  through  the  left  forearm,  the  other  through  the  upper  part 
of  the  right  thigh  ;  while  a  shell  exploding  near  him,  caused  his  left  eye  to  be  penetrated 
with  particles  of  stone  and  earth.  Vision  was  lost ;  but  in  other  respects,  excepting  a  little 
lameness  from  the  wound  in  the  thigh,  he  was  discharged  cured  to  England,  after  fifty-six 
days'  hospital  treatment. 

The  liability  to  concussion  of  the  cervical  portion  of  the  vertebral  column,  and  to 
injury  of  the  deep  cervical  and  other  nerves,  must  not  be  overlooked.  Wounds  of 
the  neck  are  often  accompanied  by  more  or  less  loss  of  power  in  one  of  the  upper 
extremities.  In  the  case  of  Lieut.  M.  before  mentioned,  the  impression  on  this 
officer's  mind  when  he  received  the  wound  in  the  neck  was  that  his  right  arm  had 
been  smashed  by  a  cannon-shot,  and  he  returned  to  the  trenches  supporting  the 
forearm  in  his  left  hand.  He  had  no  recollection  of  having  felt  any  pain  in  the 
neck.  The  shock  to  the  nervous  power  of  the  arm  subsequently  subsided  into  a 
sense  of  numbness,  which  gradually  disappeared,  and  in  a  few  days  after  the  injury 
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the  arm  regained  its  normal  condition.  More  extensive  paralysis  occasionally 
succeeds  such  wounds,  probably  from  concussion  of  the  spinal  cord,  although  there 
has  been  no  primary  evidence  of  the  spine  being  implicated  in  the  injury. 

Gunshot  Injuries  of  the  Chest. 

These  always  form  a  large  proportion  of  the  injuries  resulting  from  warfare,  both 
in  the  open  field,  and  more  especially  in  sieges,  where  the  upper  part  of  the  body  is 
chiefly  exposed.  The  returns  of  Dr.  Scrive,  Medecin- en-chef  of  the  French  army  in 
the  Crimea,  show  that  the  proportion  of  chest  to  other  wounds  was  1  in  12  in  the 
trenches,  and  1  in  20  in  ordinary  engagements.  In  the  British  '  Surgical  History  of 
the  Crimean  War'  they  are  returned  as  1  in  10  among  the  officers  during  the  whole 
period,  and  nearly  1  in  17  among  the  men,  from  April  1,  1855,  to  the  end  of  the 
war.  In  the  United  States'  war  the  proportion  of  chest  to  all  other  wounds  was 
about  1  in  15.  These  numbers  are  exclusive  of  the  chest  wounds  which  caused 
death  on  the  field  of  action.  The  ample  space  occupied  by  the  chest,  and  the 
exposed  surface  it  presents  as  a  target  towards  the  enemy,  sufficiently  explain  the 
number  of  wounds  which  occur  in  this  region  in  warfare.  The  grave  accidents 
which  follow  many  of  the  severer  forms  of  superficial  gunshot  injuries  of  the  chest, 
although  the  pleural  cavities  are  unopened ;  the  serious  complications  which  are 
induced  when  the  cavity  of  the  chest  is  penetrated  ;  together  with  the  dangerous 
consequences  of  wounds  of  its  chief  viscera — the  heart,  great  vessels,  and  lungs — 
cause  the  proportionate  mortality  among  them  to  be  very  great.  The  British  returns 
show  that  among  the  officers  who  came  under  hospital  treatment  for  chest- wounds  of 
all  kinds,  wounds  of  the  chest- walls,  as  well  as  of  the  cavity  enclosed  by  them,  31  5 
per  cent.,  and  among  the  men  28-l  per  cent.,  died.  Dr.  Chenu's  returns  show  that 
in  the  French  army,  out  of  2,506  chest-wounds,  penetrating  and  non-penetrating, 
there  were  817  deaths,  or  32-6  per  cent.  During  the  war  of  the  rebellion  in  the 
United  States,  among  20,264  tabulated  cases  of  gunshot  chest  injuries  of  all  kinds, 
there  were  5,373  deaths,  or  a  ratio  of  mortality  of  26'5  per  cent.  In  many  instances 
soldiers  shot  in  this  region  do  not  live  long  enough  to  come  under  surgical  treatment, 
but  die  on  the  field  of  action,  either  from  penetration  of  the  heart,  haemorrhage, 
suffocation,  or  shock ;  and  the  proportion  of  men  with  fatal  chest-wounds  returned 
as  '  killed  in  action,'  or  as  '  died  under  treatment,'  will  constantly  vary  according  to 
circumstances  connected  with  the  nature  of  the  military  operations,  and  the  oppor- 
tunities of  early  removal  from  the  field  to  the  field-hospitals.  In  the  Italian  war  of 
1859,  the  French  hospital  returns  show  a  mortality  of  only  20  per  cent,  in  wounds 
of  the  chest,  while  under  the  same  surgeons,  among  similar  wounds  in  the  Crimea,  it 
was  nearly  33  per  cent. ;  but  in  the  Crimea  the  wounded  were  carried  without  delay 
to  hospitals  relatively  close  at  hand,  while  after-  the  great  battle  of  Solferino  and 
other  engagements  during  the  Italian  war,  they  were  not  removed  for  many  hours, 
even  48  hours  and  upwards,  from  the  field  of  action.  Among  the  hospital  admis- 
sions in  the  Crimea  were  consequently  many  cases  that  proved  fatal  within  the  first 
12  or  24  hours,  while  scarcely  any  such  primarily  fatal  wounds  reached  the  hospitals 
in  the  Italian  campaign. 

Gunshot  injuries  of  the  chest  may  conveniently  be  divided  for  study  into  two 
classes,  viz.  non-penetrating  and  penetrating.  Non-penetrating  injuries  become 
subdivided  into  simple  contusions  and  wounds  of  the  soft  parietes;  similar  injuries 
and  wounds  accompanied  with  injury  to  bones  or  cartilage ;  and,  lastly,  those  com- 
plicated with  lesion  of  some  of  the  contents  of  the  chest,  the  costal  pleura  remaining 
unwounded,  or,  if  the  pleural  sac  be  opened,  without  any  superficial  wound  of  the 
integuments.  In  none  of  these — and  this  is  their  important  distinction — is  there 
any  direct  communication  between  the  air  external  to  the  parietes  and  the  serous 
cavity  of  the  chest.  Penetrating  wounds  may  exist  without  lesion,  or  with  lesion, 
of  one  or  more  of  the  viscera  of  the  cavity.  Among  the  more  serious  complications 
with  which  these  latter  may  be  accompanied  is  the  lodgment  of  the  projectile  or 
other  foreign  bodies,  or  of  fragments  of  bone,  within  the  chest.    As  wounds  of  the 
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heart  and  great  vessels  are  almost  invariably  at  once  fatal,  and  as  the  organs  of  re- 
spiration occupy  the  greater  part  of  this  region,  it  is  with  reference  to  the  treatment 
of  wounds  of  these  organs  that  military  surgeons  are  chiefly  concerned. 

Non-penetrating  injuries. — This  division  of  gunshot  injuries  includes  many  that 
are  very  simple  in  their  nature,  and  consequently  shows  a  considerable  proportion  of 
recoveries.  Out  of  327  non- penetrating  wounds  and  contusions  of  the  chest,  in  the 
English  ai'my  in  the  Crimea,  there  were  only  15  deaths,  or  4-5  per  cent.;  out  of 
1,509  wounds  of  the  same  kind,  in  the  French  army,  according  to  Dr.  Chenu's 
returns,  there  were  184  deaths,  or  12  per  cent.  In  the  surgical  returns  of  the  United 
States'  war,  11,549  'gunshot  flesh-wounds  of  the  chest'  are  shown,  with  only  113 
deaths,  or  1*0  per  cent.  These  numbers  include  the  cases  in  which  only  the  soft 
coverings  of  the  thoracic  parietes  were  interested  ;  they  do  not  include  non-penetrat- 
ing wounds  complicated  with  fractures  of  bone  or  visceral  injury. 

Of  the  simple  wounds  in  which  the  soft  parietes  only  are  involved,  little  need  be 
observed,  excepting  that  the  healing  process  is  often  a  long  one,  owing  to  the  natural 
movements  of  the  ribs  interrupting  the  process  of  repair,  especially  when  a  bullet 
has  taken  a  prolonged  course  beneath  the  skin,  and  also  owing  to  the  occasional 
supervention  of  pleuritis  and  its  consequences.  Two  deaths  are  recorded  in  the 
British  '  History  of  the  Crimean  War,'  under  simple  flesh-wounds,  without  fracture 
or  pleural  opening,  from  bullets  ;  and  in  both  of  these  the  fatal  termination  occurred 
from  pleuro-pneumonia. 

When  the  wall  of  the  chest  has  been  struck  with  very  great  force,  as  by  a  heavy 
fragment  of  shell  at  high  speed,  the  injury  may  not  merely  be  followed  by  severe 
ecchymosis,  but  the  subsequent  effects  of  such  a  contusion  frequently  show  themselves 
in  abscesses,  exfoliations  of  portions  of  the  ribs,  and  sinuses  of  a  troublesome  char- 
acter lasting  for  years  afterwards.  The  cartilaginous,  or  even  the  bony,  parietes 
may  be  momentarily  forced  inwards  at  the  time  of  such  an  injury,  and  the  lungs 
become  compressed  and  bruised,  or  otherwise  damaged,  though  not  opened.  In  such 
a  case  blood  will  sometimes  be  expectorated  by  the  mouth  in  considerable  quantity. 

Captain  J.,  7th  liegt.,  was  struck  in  the  front  of  the  chest  by  a  fragment  of  shell  in  the 
trenches  before  Sehastopol.  The  injury  was  followed  by  great  haemorrhage  from  the  mouth, 
and  this  symptom  continued  for  some  time  after  he  had  been  brought  up  to  camp.  There 
was  great  ecchymosis  of  the  soft  parietes,  but  no  rib  was  broken.  This  officer  made  a 
favourable  recovery,  without  abscess  at  the  seat  of  ecchymosis,  inflammation  of  the  lung,  or 
subsequent  exfoliation  of  bone. 

But,  even  if  no  such  haemorrhage  as  this  take  place,  haemoptysis  will  almost 
invariably  be  one  of  the  symptoms  presented.  Ecchymosis,  or,  at  least,  congestion 
of  the  lung  to  a  partial  extent,  in  all  probability  follows  every  non-penetrating  gun- 
shot injury  of  the  chest  of  much  severity  from  a  heavy  pixyectile.  Instances  have 
occasionally  occurred  in  which,  after  injuries  of  the  kind,  notwithstanding  no  open 
wound  of  the  parietes  or  fracture  has  been  caused,  and  no  opening  of  the  lung 
effected,  yet  death  has  followed  with  all  the  symptoms  of  suffocation,  apparently  due 
to  the  direct  result  of  contusion  of  the  pulmonary  structure  and  its  consequent 
engorgement. 

Lastly,  among  non -penetrating  wounds,  a  solution  of  continuity  in  some  viscus 
of  the  thorax,  more  especially  of  a  lung,  occasionally  happens  without  any  direct 
communication  between  an  external  opening  and  the  wounded  organ;  and  such  an 
injury  may  be  accompanied,  or  unaccompanied,  by  a  wound  of  the  costal  pleura. 
These  occurrences  are  sometimes  due  to  the  chest-wall  being  forced  inwards  in  such 
a  way  as  not  only  to  compress,  but  also  to  lacerate,  a  lung  between  the  opposite 
walls,  without  fracture  of  bone  ;  sometimes  to  a  rib  or  ribs  being  broken,  and  the 
lung  being  wounded  and  penetrated  by  sharp  points  of  fractured  bone,  in  the  same 
way  as  not  unfrequently  happens  in  the  accidents  met  with  in  civil  life.  In  warfare 
these  lesions  are  almost  always  the  result  of  injuries  from  large  projectiles. 

Penetrating  wounds. — When  we  examine  statistically  the  results  of  penetrating 
wounds  of  the  chest  in  warfare,  we  find  the  recorded  mortality  very  large.  Out  of 
22  British  officers  so  wounded  in  the  Crimea,  15  died;  and  out  of  125  men,  105 
died,  showing,  when  taken  together,  a  mortality  of  81 '6  per  cent.    Dr.  Chenu's 
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Crimean  returns  show  that,  out  of  508  patients  with  penetrating  wounds  of  the  chest 
in  the  French  army,  467  died:  a  mortality  of  91-9  per  cent.  The  percentages  of 
fatal  results  were  doubtless  increased  by  the  proximity  of  the  field-hospitals  in  the 
Crimea  to  the  trenches  in  which  most  of  the  patients  were  wounded  ;  had  some 
of  the  Crimean  patients,  who  died  in  hospitals,  been  wounded  in  the  open  field,  they 
would  never  have  reached  the  hospital,  and  would  have  been  included  in  the  number 
of  dead  on  the  field  itself.  Dr.  Chenu's  returns  of  the  Italian  war  of  1859  show 
that,  among  137  penetrating  wounds  of  the  chest,  there  were  119  deaths,  or  a 
mortality  of  87  per  cent.  The  American  records  show  that,  among  8,7]  5  penetrating 
wounds  of  the  chest,  5,260  died  :  a  mortality  of  62*5  per  cent.  The  results  of  312 
cases  could  not  be  satisfactorily  determined.  These  numbers  include  the  wounds 
complicated  by  fracture  of  the  clavicle,  scapula,  sternum  and  ribs,  without  injury  to 
the  pleural  cavity,  and  the  injuries  to  the  contents  of  the  thorax  produced  by  large 
spent  projectiles  causing  solutions  of  continuity  internally,  without  external  breach 
of  surface,  so  that  exact  comparison  cannot  be  established  between  their  results  and 
those  of  the  penetrating  wounds  tabulated  in  the  English  and  French  Crimean 
returns.  Fatal  consequences  are  apt  to  ensue  in  penetrating  wounds  of  the  chest, 
especially  if  one  of  the  lungs  be  wounded,  either  from  primary  haemorrhage,  leading 
to  exhaustion  or  suffocation  ;  from  active  inflammation  of  the  pleurae  and  pulmonary 
structure  ;  from  irritative  fever  accompanying  profuse  discharges  ;  from  fluid  accu- 
mulations in  one  or  both  of  the  pleural  sacs;  from  extension  of  inflammation  to  the 
pericardium  ;  or  from  circumstances  inducing  secondary  haemorrhage.  The  mortality 
of  wounds  in  which  the  cavity  of  the  chest  has  been  penetrated,  as  already  shown,  is 
very  excessive,  and  doubtless,  if  all  cases  in  which  the  lungs  had  been  wounded  could 
be  shown  separately,  the  mortality  ratio  would  be  still  higher  ;  but  there  is  abundant 
evidence  to  prove  that  the  conclusion  arrived  at  by  Dr.  Fraser,1  in  his  well-known 
monograph  on  chest  wounds  (see  that  author's  summary,  p.  140),  'that  in  the  human 
subject,  as  well  as  in  animals,  an  actual  wound  of  the  substance  of  the  lung  is  always, 
sooner  or  later,  mortal,'  does  not  rest  upon  any  solid  foundation.  Even  gunshot 
wounds  of  the  lung  are  happily  by  no  means  uniformly  fatal. 

In  gunshot  injuries  a  penetrating  wound  of  the  chest  is  in  many  instances  readily 
obvious  to  the  sense  of  sight  or  touch.  The  end  of  the  finger  can  be  inserted,  and 
there  can  be  no  mistake  about  the  nature  of  the  injury.  But  occasionally,  notwith- 
standing an  opening  has  actually  been  made  into  the  chest,  difficulties  and  mistakes 
in  the  diagnosis  occur ;  particularly  if  the  bullet  has  passed  thr  ough  the  scapula, 
shoulder,  or  has  entered  from  some  more  distant  part ;  if  it  be  small,  like  a  pistol 
shot,  and  has  coursed  obliquely  ;  or  if,  from  some  special  posture  of  the  patient,  the 
part  of  the  integument  which  was  pierced  at  the  time  the  opening  was  made  in  the 
chest-wall  has  glided  away,  and  so  left  the  track  of  the  bullet  covered  by  sound  skin. 
Again,  even  when  we  have  clear  evidence  that  the  cavity  of  the  chest  has  been 
opened,  it  will  be  found  by  no  means  easy  always  to  decide  whether  a  lung  has  been 
penetrated  or  otherwise.  The  train  of  symptoms  irsirally  described  as  characterising 
wounds  of  the  lung  must  not  be  expected  to  be  constantly  present ;  they  are  each 
liable  to  be  modified  by  a  variety  of  circumstances,  or  to  be  wholly  absent,  though 
the  lung  has  been  wounded,  and  may  nearly  all  exist  in  penetrating  wounds  of  the 
chest  where  the  lung  has  escaped  from  being  opened.  It  is  by  a  combination  of 
symptoms,  rather  than  by  any  one  or  other  symptom,  that  a  lung-wound  can  in  many 
instances  be  diagnosed.  Nor  is  it  always  easy  to  determine  whether  a  bullet  has 
lodged  within  the  chest  or  elsewhere ;  or,  if  the  missile  has  passed  completely 
through,  whether  fragments  of  bone,  or  other  substances,  have  remained  behind. 
The  following  have  been  named  as  usual  signs  of  the  chest  having  been  opened 

1  Dr.  Patrick  Fraser  was  one  of  the  civil  surgeons  sent  to  the  East  during  tbe  war 
against  Russia,  and  served  at  Scutari  and  in  the  Crimea  during  part  of  the  second  period  of 
the  war  in  1855-56.  In  1859  he  published  a  Treatise  upon  Penetrating  Wounds  of  the 
Chest,  which  is  instructive  not  only  from  the  cases  collected  in  it,  hut  also  from  the  reports 
of  numerous  experiments  performed  on  animals  to  elucidate  various  points  regarding  chest- 
wounds. 


OF  THE  CHEST. 


519 


by  a  projectile,  and  the  lung  wounded,  in  addition  to  those  physical  evidences  of  the 
injury  which  are  obvious  to  sight  and  touch  :  a  certain  amount  of  constitutional 
shock  ;  collapse,  and  tendency  to  syncope  from  loss  of  blood  ;  haemorrhage  froin  the 
external  wound ;  effusion  of  blood  into  the  pleural  cavity ;  haemoptysis ;  dyspnoea ;  escape 
of  air  by  the  external  wound  ;  and  emphysema.  It  is  not  possible  within  the  limits 
of  this  article  to  discuss  fully  the  import  of  these  several  symptoms  as  regards  gunshot 
wounds  of  the  lungs,  but  the  value  of  some  of  them  must  be  briefly  considered. 

The  shock  of  a  penetrating  wound,  if  it  be  confined  to  one  side  of  the  chest,  apart 
from  the  collapse  consequent  on  haemorrhage,  is  not  generally  so  marked  a  symptom 
as  it  is  in  some  other  wounds,  such  as  extensive  fractures  of  the  larger  bones  of  the 
extremities  or  penetrating  wounds  of  the  abdomen.  There  is  often  much  more 
'  shock '  when  a  projectile  has  not  penetrated,  from  meeting  something  to  oppose  its 
course,  as  part  of  a  soldier's  accoutrements,  but  has  struck  the  chest  with  such  force 
as  to  cause  a  violent  concussion  of  its  entire  contents. 

Sudden  copious  haemorrhage  coughed  into  the  mouth,  and  rapidly  recurring,  after 
a  projectile  has  entered  the  chest,  usually  indicates  that  a  lung  has  been  penetrated. 
But  moderate  expectoration  of  blood  or  ordinary  hcemoptysis,  although  it  indicates 
injury  of  some  sort  to  the  lung,  by  no  means  gives  assurance  that  this  oigan  has  been 
opened.  Haemoptysis  generally  acconrpanies  gunshot  wounds  of  the  lung  in  a 
greater  or  less  degree,  when  bronchial  tubes  of  any  considerable  size  are  penetrated 
and  the  lung  remains  pervious  ;  but  under  other  conditions  it  may  be  wholly  absent, 
even  though  a  lung  has  been  extensively  opened,  and  although  the  patient  is  troubled 
by  cough.  If  the  track  of  the  projectile  be  narrow,  or  near  the  periphery  of  a  lung, 
the  vessels  and  bronchial  tubes  may  be  occluded  by  clot ;  or,  if  the  wound  in  the  chest 
be  a  large  one,  the  lung  may  have  become  collapsed  through  the  admission  of  air ; 
or  it  may  be  compressed  by  effused  blood  or  other  fluids  ;  and  in  any  of  these  ways, 
all  communication  between  the  lung-wound  and  the  principal  air-passages  may  be 
completely  stopped.  Dr.  Fraser,  in  his  monograph  on  '  Wounds  of  the  Chest,'  has 
stated  that,  out  of  nine  fatal  cases  observed  by  him  in  the  Crimea,  in  which  the  lungs 
were  proved  to  have  been  wounded,  only  one  had  had  haemoptysis  as  a  symptom  ; 
and,  out  of  seven  fatal  cases  in  which  the  lungs  were  found  not  to  be  wounded,  two 
had  had  haemoptysis.  Out  of  8,715  penetrating  wounds  of  the  chest  in  the  United 
States'  returns,  haemoptysis  was  only  noted  as  a  symptom  in  492  instances. 

Haemorrhage  outwards  from  the  opening  of  a  chest  wound  does  not  as  a  general 
rule  occur  to  an  extent  to  excite  the  surgeon's  anxiety  as  compared  with  other  symp- 
toms. Now  and  then,  after  a  severe  wound,  when  blood  escapes  into  the  pleural 
cavity,  and  the  opening  in  the  chest-wall  is  large  and  free,  it  will  flow  copiously  from 
the  external  wound ;  and,  if  both  the  opening  in  the  lung,  as  well  as  that  in  the 
chest-wall,  should  remain  free,  we  may  find  the  blood  mixed  with  air,  and  jetting  out 
whenever  the  patient  coughs.  Or  the  haemorrhage  may  proceed  in  a  more  direct 
manner  from  the  pulmonary  structure,  the  escape  outwards  being  due  to  the  effect 
of  old  close  adhesions  connecting  the  lung  with  the  costal  parietes,  and  so  making 
the  external  opening  continuous  with  the  track  of  the  wound.  But  these  are  condi- 
tions only  rarely  met  with.  Usually  after  the  chest  is  penetrated,  the  ribs  sink  and 
the  opening  in  the  integuments  ceases  to  coincide  with  that  in  the  hard  parietes, 
while  the  opening  in  the  lung  is  equally  distinct  and  separate  from  those  in  the 
che^t-walls.  External  bleeding,  when  it  occurs  to  a  troublesome  extent,  is  more 
usually  due  to  lesion  of  an  intercostal,  or  of  branches  of  the  internal  mammary  artery, 
in  consequence  of  these  vessels  having  been  torn  by  the  sharp  ends  of  fractured  ribs. 

Primary  internal  haemorrhage  is  the  chief  source  of  death  in  those  cases  of  lung- 
wounds  which  prove  mortal  from  the  early  effects  of  the  inj  uries  inflicted  ;  the  fatal 
event  sometimes  following  rapidly  after  the  receipt  of  the  wound,  sometimes  not 
until  two  or  three  days  have  elapsed.  There  are  no  means  by  which  the  exact  posi- 
tion of  the  sources  of  internal  haemorrhage  can  be  determined,  nor  would  it  be  of 
much  practical  utility  if  there  were.  If  immediately  after  a  gunshot  wound,  copious 
haemorrhage  by  the  mouth,  and  fatal  syncope  or  suffocation  quickly  supervene,  the 
inference  is  obvious  that  the  projectile  has  opened  some  of  the  large  pulmonary 


520 


GUNSHOT  INJURIES. 


vessels.  But  when  the  internal  haemorrhage  proceeds  more  slowly,  it  may  either  be 
derived  from  divided  pulmonary  vessels,  or  from  some  of  the  parietal  arteries,  or 
from  both  sources  combined.  When  the  blood  continues  to  flow  into  the  pleural 
sac — as  indicated  by  the  persistent  blanched  appearance  of  the  patient,  the  cold 
clammy  surface,  increasing  dyspncea,  perhaps  occasional  haemoptysis,  and  the  stetho- 
scopic  signs  on  auscultation — and  when  no  trace  of  a  source  of  haemorrhage  in  the 
parietal  wounds  can  be  discovered,  there  can  remain  little  doubt  that  it  is  from  the 
structure  of  the  lung  itself  that  the  blood  is  flowing.  The  amount  of  haemorrhage 
in  wounds  of  the  lungs  varies  greatly  according  to  the  direction  of  the  track  of  the 
shot ;  for  the  large  vessels  cannot  here  glide  away  from  the  action  of  a  projectile, 
as  they  may  in  the  neck  or  extremities  of  the  body.  Wounds  near  the  root  of  each 
lung,  where  the  pulmonary  arteries  and  veins  are  largest,  are  necessarily  attended 
with  the  greatest  amount  of  haemorrhage ;  and,  as  coagula  can  hardly  form  suffici- 
ently to  suppress  the  flow  of  blood,  are  generally  fatal ;  while  as  they  approach  the 
periphery  of  the  lung  the  haemorrhage  may  be  expected  to  be  less  in  amount  and 
more  easily  arrested  by  natural  means.  The  situation  of  the  wound  of  entrance,  or, 
if  it  be  a  perforating  wound,  the  course  the  shot  has  taken,  inferred  from  the  relative 
positions  of  the  wounds  of  entrance  and  exit,  may  help  us  to  determine  the  probable 
site  of  the  bleeding,  and  thus  to  some  extent  its  probable  degree  of  gravity  ;  but  it 
should  be  remembered  that  the  course  a  bullet  may  follow  after  entering  the  chest, 
especially  if  a  rib  has  been  broken,  is  never  certain. 

Dyspncea,  though  a  frequent  accompaniment  of  wounds  penetrating  the  chest,  is, 
again,  not  an  invariable  symptom.  In  51  cases  of  penetrating  wounds  collected  by 
Dr.  Fraser,  only  13  had  dyspncea  as  a  symptom.  The  hesitation  and  difficulty  of 
breathing  freely,  caused  by  the  pain  resulting  from  it  at  the  seat  of  injury,  especially 
when  there  is  much  laceration  of  tissue  and  ribs  are  fractured,  is  sometimes  put  down  as 
if  it  were  true  dyspncea.  When  dyspncea  is  an  urgent  symptom,  before  sufficient 
time  has  elapsed  for  inflammatory  action  to  have  been  induced,  the  dyspncea  may  be 
caused  by  pressure  upon  the  lung  from  effusion  of  blood,  or  from  it  combined  with 
accumulation  of  air  in  the  pleural  sac.  Examination  by  percussion  and  the  stetho- 
scope will  decide  the  existence  of  either  of  these  two  sources  of  compression.  The 
dyspncea,  if  very  great,  indicates  that  the  power  of  expansion  of  the  unwounded,  as 
well  as  of  the  wounded  lung,  is  interfered  with  ;  when  the  compression  is  limited  to 
one  lung,  though  it  may  be  completely  collapsed,  especially  if  the  ojjening  in  the  chest- 
wall  be  a  large  one,  and  part  of  the  effused  blood  has  escaped  through  it,  the  symptom 
of  dyspnoea  may  be  wholly  absent.  It  will  be  readily  understood  how  much  the  situa- 
tion of  the  wound ;  its  direction,  whether  communicating  immediately  or  by  a 
sinuous  course  with  the  pleural  sac ;  the  size  of  the  opening;  whether  it  is  covered 
by  integument. — that  is,  is  valvular;  and  other  circumstances,  must  affect  the 
occurrence  and  prominence  of  this  symptom.  When  there  is  no  open  wound  of  the 
chest- wall  or  lung,  but  the  organs  within  the  chest  have  been  subjected  to  violent 
concussion  through  the  stroke  of  a  heavy  missile,  dyspncea  is  al  ways  one  of  the  promi- 
nent symptoms. 

Escape  of  air  by  a  chest-wound — Traumatopnoea — is  sometimes  stated  to  be  a 
sufficient  proof  that  the  lung  has  been  penetrated  by  a  projectile.  Experience  has 
shown  that  by  itself  this  occurrence  is  not  a  sufficient  proof  of  a  lung-wound,  any 
more  than  its  absence  is  byT  itself  an  indication  that  the  lung  has  escaped  from  being 
wounded.  Its  occurrence  was  only  noted  in  49  instances  among  the  8,715  cases  of 
penetrating  wounds  of  the  chest  during  the  United  States'  war.  Air  has  been  noticed  to 
escape  from  a  chest-wound  when  it  has  been  afterwards  proved  that  the  lung  was 
not  wounded  ;  and  no  air  has  escaped  though  the  lung  has  been  wounded.  In  the 
former  case,  the  air  may  have  entered  by  the  wound  at  each  inspiration,  and  have 
been  forced  out  again  by  the  sinking  of  the  chest  on  expiration ;  in  the  latter  case,  a 
variety  of  conditions,  both  as  regards  the  wounded  lung  itself  and  also  the  chest- 
walls,  may  have  prevented  the  occurrence  of  this  symptom.  The  opening  in  the 
chest-wall  may  have  been  closed,  owing  to  the  superficial  wound  being  valvular  or 
tortuous,  though  the  lung  has  remained  pervious ;  or  the  wound  in  the  lung  may 


OF  THE  CHEST. 


521 


have  been  occluded  by  coagulum,  or  covered  by  effused  blood,  or  the  lung  collapsed 
and  so  have  ceased  to  be  pervious.  When  circumstances  are  favourable  for  the 
occurrence,  air  will  occasionally  be  forced  out  of  the  wound  on  expiration  with  a 
whistling  noise,  or  on  coughing,  and  sometimes  with  considerable  force  in  the  early 
days  of  a  chest-wound.  "If  it  be  present  in  such  a  forcible  degree  as  this,  the  symptom 
plainly  indicates  that  the  lung  is  wounded  ;  if  it  exist  only  in  a  very  limited  degree, 
the  diagnosis  admits  of  doubt ;  if  absent  altogether,  the  absence  is  not  to  be  regarded 
as  a  proof  that  the  lung  has  escaped  penetration. 

Emphysema,  as  the  term  is  applied  to  the  escape  of  air  from  the  air-passages  and 
its  entrance  into  the  areolar  tissue  around  the  wound  in  the  chest-wall  and  subse- 
quent diffusion,  which  used  to  be  described  as  a  common  sign  of  the  lung  having 
been  wounded  in  a  case  of  penetrating  gunshot  wound  of  the  chest,  is  really  a  rare 
occurrence.  In  the  8,715  penetrating  wounds  noticed  in  the '  Surgical  History  of  the 
United  States'  Civil  War,'  emphysema  was  only  observed  in  38  instances.  The  same 
conditions  which  prevent  the  frequent  occurrence  of  haamoptysis  and  traumatopncea, 
equally  oppose  the  frequent  occurrence  of  this  symptom.  It  may  take  place  in  in- 
direct wotinds  of  the  King  in  non-penetrating  injuries  of  the  chest  in  the  same  way 
as  traumatic  emphysema  is  often  seen  in  civil  practice.  The  most  extensive  example 
of  emphysema  I  have  happened  to  see  occurred  in  a  soldier  of  the  19th  Regiment,  in 
the  Crimea,  who  received  a  severe  contusion  at  the  upper  part  of  the  back  from  a 
massive  projectile.  The  right  scapula  was  badly  fractured,  and  the  general  diffused 
emphysema  which  rapidly  followed  the  injury  afforded  a  proof  that  there  was  also 
fracture  of  a  rib  or  ribs,  and  that  the  surface  of  the  lung  had  been  torn.  The  man, 
after  protracted  treatment,  recovered.  The  fact  of  emphysema  having  been  formerly 
described  as  a  characteristic  symptom  of  gunshot  penetrating  wounds  of  the  chest, 
when  coupled  with  the  rarity  with  which  it  has  been  observed  of  late  years,  can  only 
be  explained  by  the  limited  interception  of  air  and  crackling  sensation  which  may 
be  often  noticed  in  the  areolar  tissue  immediately  around  the  lips  of  a  gunshot 
wound,  and  occasionally  along  the  track  also,  from  air  following  a  projectile  which 
has  taken  a  slanting  course  through  the  tissues,  having  been  set  down  under  the 
designation  of  emphysema.  Dr.  Fraser  has  stated,  in  his  work  on  '  Wounds  of  the 
Chest,'  that  traumatic  emphysema  may  follow  a  penetrating  wound  of  this  region 
though  the  lung  has  been  uninjured,  and  he  refers  (o^j.  cit.  p.  65)  to  a  case  men- 
tioned to  him  by  Mr.  Holmes,  of  St.  Geoi^ge's  Hospital,  in  which  '  a  spike  passed 
through  the  scapula  into  the  chest,  and,  though  emphysema  occurred,  the  lung 
nevertheless  was  found  untouched,'  1  as  well  as  to  a  fatal  case  observed  by  himself  in 
which  emphysema  occurred  and  the  luug  was  un wounded.  In  this  latter  case,  the 
emphysema  only  occurred  on  the  32nd  day  after  the  wound  was  inflicted,  the  same 
day  on  which  the  patient  died,  and  in  the  report  of  the  case  (oj).  cit.  Case  13,  p.  53 
and  p.  74)  no  particulars  regarding  its  site  or  extent  are  given.  I  have  not  seen 
such  an  occurrence  confirmed  by  other  observers,  and  obviously  it  could  not  have 
been  what  is  generally  understood  by  traumatic  emphysema  in  chest-wounds  as 
already  denned  at  the  beginning  of  this  paragraph. 

A  preparation  of  an  extensive  wound  of  the  lower  lobe  of  the  left  lung  in  the  Museum  at 
Netley  affords  an  exceedingly  instructive  example  of  the  manner  in  which  the  absence  of 
some  of  the  chief  symptoms  just  mentioned  may  be  erroneously  interpreted.  A  regimental 
officer,  set.  25  years,  was  wounded  in  the  chest  by  a  large  gingall  bullet  in  act  ion  before  Can- 
ton, on  December  29,  1857.  The  missile  passed  completely  through  the  lower  part  of  the 
chest  on  the  left  side  and  lower  lobe  of  the  left  lung,  leaving  a  huge  gap  in  the  latter  equal 

1  As  it  is  stated  in  the  Surgical  History  of  the  United  States?  War  of  18G1-65  ('  Surg. 
Vol.'  part  i.  p.  014)  that  Dr.  Fraser  has  afforded  proof  that  emphysema  may  follow  pene- 
trating wounds  of  the  chest  without  injury  to  the  lung,  it  seems  only  proper  to  mention, 
with  regard  to  the  case  quoted  above  on  Mr.  Holmes's  authority,  that  Mr.  Holmes  wrote  to 
me  in  February,  1875,  that  '  Dr.  Fraser  must  have  forgotten  the  precise  circumstances,  and 
in  consequence  have  misrepresented  the  case.  It  was  no  wound  of  the  chest  at  all,  but  a 
spike  wound  of  the  back,  entirely  external  to  the  scapula,  and  probably  not  even  opening  the 
fascia  which  covers  the  muscles  attached  to  that  bone.  A  little  air  having  entered  the 
areolar  tissue  at  the  time  (as  1  have  seen  in  spike  wounds  in  other  regions,  such  as  the  leg) 
had  produced  slight  emphysema.    The  man  got  well  in  a  very  few  days.' 
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to  a  fourth  of  its  substance,  yet  the  principal  medical  officer  of  the  force  and  other  medical 
officers,  during  the  progress  of  the  case,  gave  the  friends  of  the  patient  great  hopes  of  his  re- 
covery, and  assured  them  that,  though  the  chest  had  been  traversed,  the  lung  had  escaped 
from  being  wounded.  This  conclusion  was  come  to  on  account  of  none  of  the  supposed  charac- 
teristic signs  of  such  an  injury  being  present.  The  patient  survived  the  wound  twelve  days, 
and  was  apparently  making  favourable  progress  towards  recovery  until  the  evening  of 
January  9,  when  oppression  of  breathing  and  other  alarming  symptoms  occurred,  under 
which  he  sank  on  January  10.  These  symptoms  were  shown  at  the  post-mortem  inspection 
to  have  resulted  from  the  supervention  of  pericarditis  and  pericardiac  effusion.  Until  this 
occurrence  there  had  been  no  dyspnoea,  neither  had  there  been  any  haemoptysis,  traumatopncea, 
or  emphysema  throughout  the  case.  The  appearances  presented  at  the  post-mortem  exami- 
nation, which  was  carefully  made  by  Dr.  Becher,  the  pathologist  with  the  force,  fully  ex- 
plained the  absence  of  these  symptoms.  I  extract  the  chief  among  them  which  bear  on  the 
facts  above  mentioned.  Three  inches  outwards  and  downwards  from  the  left  mamma  a 
circular  wound,  nearly  two  inches  in  diameter,  was  found  perforating  the  integuments,  and  a 
corresponding  opening  somewhat  larger  and  more  lacerated  was  found  on  the  back  one  inch 
to  the  left  of  the  spinous  process  of  the  ninth  dorsal  vertebra.  On  removal  of  the  integu- 
ments the  thoracic  walls  were  found  perforated  both  anteriorly  and  posteriorly  one  inch 
below  the  external  openings,  the  ball  having  passed  through  the  sixth  and  tenth  ribs  respec- 
tively, which  were  both  completely  crushed  to  the  extent  of  an  inch  and  a  half.  On  removal 
of  the  sternum  the  left  pleural  cavity  was  found  filled  with  thin  foetid,  purulent  matter;  the  lung 
reduced  to  less  than  one-third  of  its  natural  size,  void  of  all  air,  and  the  whole  pleura  lined 
with  a  thick  layer  of  coagulated  fibrin,  which  on  its  free  surface  assumes  the  aspect  of  an  abscess 
membrane.  The  collapsed  and  compressed  lung,  when  enucleated  from  its  fibrinous  envelope, 
exhibits  anteriorly  near  its  base  a  deep  gap  three  inches  in  length  and  breadth,  leading  to 
a  circular  perforation  through  the  posterior  portion  of  the  lobe.  The  surface  of  the  wound  is 
irregular,  jagged,  infiltrated  with  purulent  matter,  while  numerous  minute  splinters  of  bone 
are  lodged  in  the  pulmonary  substance.  The  pericardium  exhibits  externally  a  considerable 
increase  of  vascularity,  and  when  opened  its  internal  surface,  and  likewise  the  cardiac  layer, 
are  found  covered  by  copious  recent  effusion  of  lymph,  attended  hy  intense  hyperemia  of  the 
membrane  and  copious  effusion  of  seropurulent  fluid  into  the  cavity.  Heart  itself  healthy. 
Pleural  cavity  and  lung  on  right  side  normal. 

It  is  obvious  from  the  conditions  described  that  all  communication  between  the 
wound  in  the  lung  and  the  external  air-passages  had  been  occluded  directly  after  the 
wound  was  inflicted,  and  that  hence  neither  blood  could  pass  from  the  wound  to  the 
mouth  for  haemoptysis  to  occur,  nor  air  pass  from  the  trachea  through  the  lung- 
wound  into  the  pleura  to  give  rise  to  emphysema.  If  air  could  have  passed  from 
the  trachea  into  the  pleural  cavity,  the  valvular  state  of  the  wound  produced  by  the 
sinking  of  the  chest-wall  beneath  the  skin  would  have  prevented  its  escape  by  the 
external  opening,  but  would  have  favom*ed  the  occurrence  of  emphysema.  Blood  had 
escaped  at  intervals  from  the  external  openings  as  the  patient  was  being  carried  on 
the  litter  to  the  hospital  ship  where  he  was  placed  for  treatment,  and  also  occasionally 
when  he  was  moved  to  have  his  wounds  dressed  while  in  bed.  During  these  move- 
ments the  openings  in  the  integuments  and  in  the  chest-walls  obtained  a  temporary 
congruence,  and  so  some  of  the  effused  blood  was  able  to  escape  ;  but  the  persistent 
valvular  condition  still  caused  a  large  quantity  to  remain  imprisoned  in  the  pleural 
cavity,  compressing  the  lung,  which  had  collapsed  ou  the  first  admission  of  air 
with  the  passage  of  the  large  projectile,  helping  to  block  up  the  vessels  exposed  on 
the  surface  of  the  torn  track  through  the  lung  surface,  and  perhaps  at  the  onset 
paving  the  patient's  life  by  preventing  the  continued  excessive  haemorrhage  which 
would  probably  have  taken  place  had  the  openings  in  the  chest-walls  and  integu- 
ments been  free  and  direct.  The  absence  of  dyspnoea  was  no  doubt  due  to  the 
normal  condition  of  the  right  side  of  the  chest,  and  to  the  fact  of  the  action  of  the 
right  lung  being  quite  adequate  to  the  aeration  of  the  blood  which  was  left  to  circu- 
late in  the  system.  The  purulent  transformation  of  the  effused  lymph  and  blood  was 
shown  in  the  changes  which  took  place  in  the  discharges  from  the  wound,  while  the 
patient  was  under  treatment.  The  extension  of  the  inflammatory  process  to  the 
pericardium  is  not  an  unfrequent  cause  of  the  fatal  termination  in  such  cases.  The 
examination  after  death  showed  that  the  heart  and  its  coverings  had  escaped  direct 
injury  from  the  projectile. 

The  limits  of  this  essay  prevent  reference  at  any  length  to  the  inflammations 
which  supervene  on  these  wounds.  Diffused  inflammation  of  the  lung  itself  is  not 
so  common  after  them  as  is  pleiuitis.    In  unfavourable  cases,  the  pleural  cavity 
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generally  becomes  the  seat  of  extensive  inflammatory  action,  with  unhealthy 
accumulations  of  sero-purulent  fluid,  floating  lymph,  and  broken-up  clot,  especially 
where  irritation  has  been  kept  up  by  the  presence  of  foreign  bodies,  or  the  patient's 
constitution  has  become  debilitated  from  any  cause. 

Natural  process  of  cure  of  lung-wounds. — When  a  case  of  bullet-wound  of  a  lung 
progresses  favourably,  the  following  are  usually  the  successive  steps  of  the  curative 
process.  The  pleura  adjoining  the  seat  of  injury  becomes  inflamed,  exudation  occurs, 
and  by  this  means  the  orifice  of  entrance  in  the  lung,  and  of  exit  also,  if  the  bullet 
has  perforated  its  structure,  become  adherent  to  the  costal  parietes  shortly  after  the 
receipt  of  the  injury.  The  openings  made  by  the  bullet,  both  the  opening  in  the 
chest-wall  and  that  in  the  lung,  thus  become  circumscribed  and  excluded  from  the 
general  pleural  cavity.    In  a  similar  way,  the  track  of  the  projectile  through  the 

Fie.  63.  External  condition  of  the  Wound 
Fig.  62.  Position  of  the  AVounds  of  En-  of  Entrance  in  the  case  of  Pte.  O.  Doyle, 

trance  and  Exit  in  the  case  of  Pte.  0.  (See  text.) 

Doyle.    (See  text.j 


The  probe  is  inserted  into  a  sinus  connected  with  the 
wound  of  exit.  The  fragments  of  the  broken  rib 
are  firmly  united,  much  thickened,  and  by  their 
position  oppose  movement  of  the  ribs  above  and 
below  the  seat  of  injury. 


The  puckered  and  inverted  portion  of  integument 
shown  is  firmly  united  to  the  cicatrix  of  the  track 
through  the  chest-wall.  From  the  injured  rib  there 
descends  a  firmly-connected  and  strong  piece  of  bone, 
originally  a  splinter  torn  and  pushed  aside  by  the 
bullet,  and  this  meets  an  exostotic  growth  from  the 
uninjured  rib  below,  so  as  together  to  form  a 
column  of  support  to  the  damaged  structures  above. 


lung  is  shut  off  from  communication  with  the  rest  of  the  organ  by  effusion  into  the 
parenchyma  around  it.  If,  however,  any  bronchial  tubes  of  rather  large  size  have 
been  opened  in  the  course  the  bullet  has  taken,  these  do  not  close ;  and,  in  conse- 
quence, a  communication  is  kept  up  between  the  wound  and  the  principal  air -passages. 
In  a  few  days  suppuration  becomes  established  along  the  track  through  the  lung,  the 
matter  being  partly  discharged  by  the  bronchi,  but  principally  by  the  external 
openings  of  entrance  and  exit ;  the  contused  surface  of  the  wound  along  which  the 
shot  has  passed  sloughs  and  comes  away  in  the  discharges,  and  the  fresh  surface, 
which  then  becomes  exposed,  is  lined  with  a  layer  of  lymph.  The  altered  texture  of 
the  parts  now  reduces  the  wound  to  the  condition  of  a  fistula.  This,  as  the  cure 
proceeds,  gradually  contracts,  the  external  wounds  become  cicatrised,  and  in  this  way 
a  restoration  of  continuity  is  finally  established. 
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Sometimes  when  the  bullet  has  been  a  very  small  one,  and  the  wound  is  peri- 
pheral, another  process  of  cure  occurs.  There  is  not  formed  the  intimate  connection 
between  the  wound  in  the  chest-wall  and  that  in  the  lung,  and  there  is  not  the 
escape  of  discharges  and  sloughs  by  the  external  parietal  opening,  but  the  lung-wound 
is  contracted  in  size  by  surrounding  effusion,  becomes  plugged  by  coagulum,  and  is 
thus  excluded  from  communication  with  the  pleural  cavity.  The  purulent  discharges 
which  follow  escape  through  the  bronchi  and  mouth,  and  the  wound  in  the  chest-wall 
becomes  healed  independently  of  that  in  the  lung. 

In  some  instances  when  the  subject  of  a  bullet-wound  of  the  lung  has  lived  for 
many  years,  on  examination  after  death,  the  track  of  the  shot,  though  completely 
closed,  has  been  readily  perceptible  on  being  cut  across,  from  part  of  the  lung  around 
it  being  consolidated  to  a  greater  or  less  extent ;  in  others,  in  which  no  doubt  had 
been  felt  that  the  lung  had  been  traversed,  the  healing,  presuming  the  diagnosis  to 
have  been  correct,  has  been  so  perfect  that  the  direction  in  which  the  bullet  had 
passed  could  not  be  detected.  In  a  few  cases  bullets  have  lodged  in  the  substance  of 
the  lung,  and  become  sacculated  in  cysts  so  intimately  connected  with  the  lung-tissue 
that  they  could  hardly  be  separated  by  dissection.  They  have  usually  been  found 
near  the  periphery  of  the  organ,  and  the  part  of  the  lung  in  which  they  have  been 
embedded  has  been  adherent  to  the  costal  parietes.  Thus  the  weight  of  the  lodged 
projectile  has  been  partly  sustained,  as  it  were,  by  suspension,  and  pressure  upon 
the  lung-substance  proportionably  obviated. 

The  first  of  the  two  healing  processes  of  a  gunshot  wound  of  the  lung,  previously 
described,  is  well  illustrated  by  a  preparation  in  the  Army  Medical  Museum  at  Netley, 

represented  in  figs.  62  to  64.  Its 
Fig.  64.  Internal  view  of  the  Track  of  the  Bullet    history  is  briefly  as  follows.  The 

in  the  case  of  Pte.  0.  D.    (See  text.)  ,;  .  *  ,         .,  .  , 

v  J  patient  irom  whom  it  was  taken, 

Pte.  O.  D.,  a  young  soldier,  was  sub- 
jected to  a  perforating  wound  of  the 
right  side  of  the  chest  and  lung  by  a 
musket-ball  on  November  26,  1857, 
in  India.  He  returned  to  England 
in  August  1858,  and  on  October  15 
of  the  same  year,  eleven  months 
after  his  wound,  after  a  debauch  and 
exposure,  died  of  gangrene  of  the  left, 
or  unwoundecl,  lung.  The  wound 
of  entrance,  which  was  between  the 
sixth  and  seventh  ribs,  four  inches  to 
the  outer  side  of  the  right  nipple, 
was  at  the  time  soundly  healed  ;  a 
small  sinus  existed  at  the  wound  of 
exit,  which  was  between  the  tenth 
and  eleventh  ribs,  close  to  the  spine. 
It  was  shown  on  dissection  that  the 
wound  here  had  been  prevented  from 
becoming  completely  closed  by  the 
lodgment,  towards  the  termination 
of  the  track,  of  some  small  pieces  of 
bone  which  had  been  torn  away  from 
the  seventh  rib  in  front  by  the  bullet 
in  its  passage.  The  structure  of  the 
wounded  lung  was  found  to  be  quite 
normal,  excepting  immediately  along 
the  sinus  resulting  from  the  track  of 
the  bullet.  A  free  communication  existed  between  the  trachea  and  the  interior  of  this 
track.  The  steps  taken  by  nature  to  aid  the  curative  process  by  arresting,  as  far  as 
possible,  the  movements  of  the  ribs  at  the  respective  seats  of  injury  are  worthy  of 
observation. 


The  firm  union  of  the  opening  of  entrance  in  the  lung  to  the 
opposite  portion  of  the  chest- wall,  the  track  through  the  sub- 
stance of  the  lung  lined  with  false  membrane,  and  the  open 
ends  in  it  of  small  bronchial  tubes,  are  points  worthy  of 
note.  The  track  is,  however,  shown  relatively  too  large  in 
the  drawing ;  when  first  opened  in  the  specimen,  its  size  was 
rather  larger  than  that  of  a  goose-quill. 
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Treatment. — The  object  of  the  surgeon's  care  must  be,  in  the  first  place,  to  arrest 
haemorrhage  ;  secondly,  to  remove  pieces,  or  jagged  projections,  of  bone,  or  any  other 
sources  of  local  irritation  ;  and,  thirdly,  to  adopt  measures  for  the  prevention  of  all 
interference  with  the  natural  process  of  cure  previously  described.  Although  the 
shock  may  happen  to  be  considerable,  attempts  to  rally  the  patient,  if  any  be  made, 
should  be  conducted  very  cautiously  ;  the  prolongation  of  the  depressed  condition  may 
be  valuable  in  enabling  the  injured  structures  to  assume  the  necessary  state  for 
preventing  haemorrhage.  Free  access  of  air  ;  removal  of  all  restraints  upon  respira- 
tion j  the  application  of  a  wet  cloth  to  the  chest ;  a  little  water  to  drink,  if  it  can  be 
swallowed ;  rest  as  far  as  practicable ;  and  the  removal  of  any  loose  foreign  bodies  within 
the  lips  of  the  wound,  are  all  that  can  be  done  in  the  first  instance.  No  alcoholic 
stimulants  should  be  administered.  Haemorrhage  from  vessels  belonging  to  the 
costal  parietes  should  be  arrested  by  ligature,  as  in  other  parts,  as  soon  as  the  source 
from  which  it  proceeds  has  been  ascertained,  if  the  flow  of  blood  be  so  free  as  not  to 
be  readily  controlled  by  pressure.  If  an  intercostal  artery  has  been  wounded  and 
is  bleeding,  but  is  not  within  reach,  the  wound  should  be  enlarged,  so  as  to  render  it 
accessible,  or  a  ligature  may  be  passed  completely  round  the  rib  and  a  compress 
included  to  arrest  the  flow  from  the  wounded  vessel.  Sometimes  it  is  useful  to  plug 
the  opening  in  the  chest- wall.  This  may  be  done  without  any  risk  of  wounding 
the  pleura  if  it  be  not  already  opened,  or  of  pushing  foreign  bodies  into  the  cavity  of 
the  pleura  if  it  be  open,  by  employing  what  has  been  known  as  Desault's  purse  or 
compress.  The  wound  being  free,  a  piece  of  linen  is  laid  upon  that  part  of  the  chest 
in  which  it  is  placed,  and  the  middle  portion  of  this  linen  is  pushed  into  the  wound 
by  the  finger,  so  as  to  form  a  kind  of  pouch.  This  pouch  is  then  distended  by  sponge 
or  lint  pressed  into  it  until  the  pressure  arrests  the  bleeding  ;  on  stretching  out  the 
corners  of  the  linen  cloth  the  pressure  of  the  plug  will  be  exerted  from  within  out- 
wards. The  whole  may  finally  be  secured  to  the  chest  by  being  secured  to  a  bandage 
or  roller.  Haemorrhage  from  the  lung  itself  must  be  treated  on  the  general  prin- 
ciples adopted  in  all  such  cases ;  the  administration  of  cool  acid  drinks,  iced,  if  ice 
can  be  obtained,  perfect  quiet,  and  the  administration  of  opium  or  digitalis.  When 
blood  has  accumulated  in  any  large  quantity,  and  the  patient  is  so  much  oppressed  as 
to  threaten  suffocation,  all  coverings  must  be  removed,  and  the  blood  be  permitted  to 
escape  by  the  wound ;  the  wound  should  even  be  enlarged,  if  necessary,  so  as,  with 
the  assistance  of  proper  position,  to  facilitate  its  escape.  If  the  effused  blood,  from 
the  situation  of  the  wound,  cannot  be  thus  evacuated,  and  the  patient  be  in  danger 
of  suffocation,  then  paracentesis  must  be  resorted  to. 

The  extensive  early  bleedings  formerly  recommended  in  penetrating  gunshot 
wounds  of  the  chest  for  the  purpose  of  arresting  internal  haemorrhage  are  no  longer 
practised.  Should  the  patient  survive,  the  extreme  drain  thus  effected  appears  to 
interrupt  afterwards  the  process  of  adhesion  between  the  pleural  surfaces,  and  to 
arrest  the  steps  which  might  otherwise  be  taken  by  nature  to  repair  the  existing 
mischief,  while  it  leads  the  injured  structures  into  a  condition  favourable  for  gangrene, 
or  encourages  the  formation  of  ill-conditioned  purulent  effusions  in  large  amount. 

If  the  wound  be  not  attended  with  active  haemorrhage  within  the  cavity  of  the 
chest,  if  any  bleeding  there  may  have  been  from  the  external  wound  has  been  stopped, 
as  soon  as  all  splinters  or  other  local  sources  of  irritation  have  been  cautiously  re- 
moved and  adjusted,  a  pledget  of  lint  should  be  laid  over  the  opening,  and  a  broad 
bandage  placed  round  the  chest,  just  tight  enough  to  support  the  ribs,  and  in  some 
degree  to  restrain  their  movements.  An  opening  should  be  made  in  the  bandage 
over  the  site  of  the  wound  large  enough  to  permit  the  ready  access  of  the  surgeon  to 
it,  if  necessary,  and  to  allow  the  escape  of  discharges.  When  there  is  only  one 
wound,  the  patient  should  be  laid  on  the  wounded  side,  if  his  comfort  admits  of  it, 
and  with  the  wound  downwards.  This  is  done  when  the  aperture  is  free,  with  a 
view  to  prevent  accumulation  of  fluid  in  the  pleura ;  but  principally  to  allow  easier 
action  of  the  chest  on  the  uninjured  side  for  respiration.  The  importance  of  this 
precept  is  sometimes  shown  practically  while  a  chest  wound  is  under  treatment ;  for 
if  the  patient  during  sleep  happens  to  turn  round  and  lie  upon  the  unwounded  side, 
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he  will  certainly  after  a  time  awake  in  a  half-suffocatecl  condition,  and  not  impro- 
bably, if  he  has  been  previously  much  weakened,  in  a  state  of  collapse,  from  which  he 
can  only  be  restored  with  considerable  difficulty.  If  there  be  two  openings,  as  will 
most  frequently  be  the  case  in  rifle-ball  wounds,  one  wound  should  be  placed  down- 
wards in  the  manner  just  mentioned,  and  the  wound  which  will  then  be  uppermost 
should  be  kept  covered.  If  there  is  much  dyspnoea,  it  may  in  some  instances  be 
relieved  by  firmly  closing  the  orifices  of  the  wounds ;  in  others,  this  proceeding  fails 
to  afford  the  desired  relief.  The  most  perfect  quiet  that  can  be  obtained  should  be 
enjoined,  and  opium  may  be  freely  given  for  aiding  this  object. 

When  these  arrangements  have  been  carried  out,  the  surgeon  will  next  have  to 
turn  his  attention  to  meeting  the  dangers  of  inflammatory  action,  especially  in  the 
pleura,  lungs,  and  pericardium.  The  general  treatment  of  pleurisy  or  pneumonia 
after  a  gunshot  wound  will  not  differ  materially  from  the  treatment  of  the  same 
inflammations  when  arising  from  other  causes.  The  chief  difference  in  condition  is 
that  in  almost  all  cases  of  penetrating  wounds,  air  will  have  been  admitted  into  the 
pleura,  and  empyema,  or  sero- purulent  effusions  mixed  with  broken-up  clot,  will 
occur  as  a  consequence.  Here  again  of  late  years  the  practice  of  bleeding  which  was 
formerly  enjoined  in  all  such  cases  by  military  surgeons,  not  only  as  the  best  means 
of  obviating  internal  haemorrhage  (which  has  been  already  referred  to),  but  also  as 
the  best  remedy  to  be  relied  on  afterwards  for  preventing  and  reducing  inflammation, 
is  now  seldom  resorted  to.  The  use  of  calomel  to  salivation  is  also  abandoned. 
Everything  calculated  to  lower  the  general  strength  is  rather  avoided.  More 
reliance  is  placed  on  careful  nursing,  regimen,  and  dieting,  and  in  restraining  vascu- 
lar excitement  within  due  bounds,  by  the  exhibition  of  medicines  whose  influence  on 
the  constitution  is  not  of  so  permanent  a  character  as  is  that  of  mercury.  If  the 
inflammatory  action  be  excessive,  small  doses  of  tartarised  antimony,  digitalis,  and 
the  usual  purgatives,  are  employed  to  combat  it ;  but,  even  with  these,  the  patient's 
strength  is  supported  by  appropriate  means,  especially  in  cases  where  suppuration  is 
profuse.  Venesection  has  been  proved  by  modern  experience  not  to  prevent  inflam- 
mation taking  place,  and  has  seemed  to  give  it,  when  it  has  arisen,  more  power  over 
the  weakened  structures.  In  the  Crimean  war,  the  exhausted  and  scorbutic  con- 
dition of  the  men  dui'ing  the  first  six  months  of  the  campaign,  especially  of  those 
who  had  served  in  Bulgaria  before  moving  to  the  Crimea,  were  such  as  to  make 
further  depression  manifestly  objectionable  ;  and  this  fact,  together  with  the  change 
of  views,  which  had  already  gained  ground,  regarding  the  doubtful  advantages  of 
abstracting  blood  for  subduing  inflammation  in  general,  led  army  surgeons  for  the 
first  time  to  depart  from  the  doctrines  so  strongly  enforced  by  Guthrie,  Hennen,  and 
other  military  practitioners  of  Peninsular  renown.  During  this  period,  some  instances 
of  favourable  recovery  took  place  after  wounds  of  the  chest  without  venesection  being 
resorted  to  as  any  part  of  the  treatment ;  subsequently,  during  the  summer  and 
autumn  of  1855,  when  a  large  part  of  the  troops,  many  of  whom  had  recently  arrived 
from  Europe,  were  in  a  state  of  vigorous  health,  some  surgeons,  acting  on  the  experi- 
ence already  gained,  continued  to  abstain  from  the  practice  of  venesection  in  chest- 
wounds.  I  was  one  who  followed  this  course,  and  had  no  reason  to  regret  it.  The 
case  of  an  officer  of  the  19th  Regiment  under  the  care  of  the  writer,  who  was  shot 
at  the  last  assault  of  the  Great  Redan,  afforded  an  illustration  of  a  good  recovery 
without  bleeding.  In  this  instance,  a  rifle-bullet  entered  through  the  upper  part  of 
the  left  scapula  near  its  superior  posterior  angle,  comminuting  the  bone,  and  passed 
through  the  chest.  The  bullet,  together  with  a  piece  of  cloth,  was  excised  from 
beneath  the  skin  in  front,  two  inches  above  and  internal  to  the  fold  of  the  axilla. 
The  mouth  was  filled  with  blood  immediately  after  the  injury;  bloody  expectoration 
continued  for  three  days ;  there  was  hacking  cough  on  increased  inspiration ;  the 
respiratory  murmur  was  accompanied  with  crepitating  rales  in  the  upper  part  of  the 
lung ;  there  was  weakness  almost  amounting  to  syncope  at  first,  but  not  much 
'  shock,'  for  shortly  after  receiving  the  wound  he  was  able  to  walk  with  the  aid  of  a 
soldier  to  the  trenches  and  part  of  the  way  up  to  camp.  This  officer,  like  almost  all 
others  who  bad  been  with  the  front  of  the  army  before  Sebastopol  in  the  winter  of 
1854-55,  had  been  then  much  weakened  by  scorbutic  diarrhoea,  so  that,  although 
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appearing  to  be  in  fairly  good  general  health  at  the  time  of  being  wounded,  it  was 
considered  to  be  unadvisable  to  lower  his  vital  force  by  any  means;  and  though  the 
cure  was  protracted  by  occasional  attacks  of  diarrhoea  subsequently  to  the  injury,  by 
profuse  discharge  from  the  wounds,  and  separation  from  time  to  time  of  spiculse  of 
bone,  he  left  for  England  two  months  afterwards  with  his  recovery  nearly  completed. 
After  an  interval  of  convalescence  he  rejoined  his  regiment,  and  remained  in  it,  dis- 
charging the  duties  of  a  regimental  officer  for  several  years  subsequently.  No  vene- 
section at  all  was  practised  in  this  case,  but  simply  at  first  acidulated  drinks,  opiates 
to  procure  rest,  light  nourishment,  with  careful  nursing ;  and  afterwards  tonics, 
nourishing  diet,  and  port  wine  when  suppurative  action  had  been  fully  established. 
I  do  not  believe  this  officer  would  have  made  the  thorough  recovery  he  did  had  the 
treatment  by  venesection  been  resorted  to. 

While  thus  dwelling,  however,  on  the  successful  treatment  of  chest-wounds 
without  venesection,  it  is  only  right  to  mention  that  the  opinion  of  some  thought- 
ful surgeons  in  the  Crimea  did  not  coincide  in  the  views  of  those  who  regarded  the 
employment  of  the  lancet  as  not  only  useless  but  injurious.  Some  indeed  considered 
that  more  lives  would  have  been  saved  had  early,  active,  and  repeated  bleedings 
been  more  employed,  and  there  can  be  no  doubt  that  in  some  instances  in  the 
Crimea  successful  issues  did  occur  after  copious  venesection.  Since  that  time,  how- 
ever, a  vast  experience  has  been  gained  on  the  subject  during  the  war  of  the  rebel- 
lion in  the  United  States,  and  the  result  seems  to  have  been  decidedly  in  favour  of 
abstaining  from  bleeding  in  these  injuries.  Dr.  Otis  has  recorded  in  his  Surgical 
History  of  the  War  that  he  could  only  discover  five  instances  of  venesection  after 
chest-wounds  throughout  the  war.  In  three  the  bleeding  was  performed  for  primary 
profuse  haemoptysis,  and  recovery  followed ;  in  two,  for  traumatic  pneumonia,  and 
these  ended  fatally.  The  general  conclusion  Dr.  Otis  has  been  led  to  is  the  follow- 
ing : — '  It  may  be  regarded  as  generally  admitted  that  venesection  is  unnecessary  in 
penetrating  wounds  of  the  chest,  and  that  it  may  be  very  harmful,  and  that  the 
"  draining  of  the  system  of  blood  "  commended  by  Bell,  Hennen,  Guthrie,  and  Cooper, 
is  to  be  numbered  with  the  errors  of  the  past.'  Certainly  the  general  results  of  the 
treatment  of  these  wounds  in  the  United  States  leaves  no  ground  for  regret  that 
venesection  was  not  more  frequently  practised. 

A  plan  of  treating  gunshot  wounds  of  the  chest  by  '  hermetically  sealing,'  or 
occluding,  their  external  orifices,  by  paring,  suture,  and  reunion  of  the  lips  of  the 
opening  in  the  integuments,  was  introduced  during  the  war  in  the  United  States  by 
Dr.  Howard,  and  was  tried  in  a  large  number  of  cases.  A  description  of  the  process, 
with  the  presumed  objections  to  it  in  practice,  may  be  found  in  a  published  lecture 
on  the  subject  by  the  writer  of  this  es.say  in  the  '  Lancet '  of  Jan.  2,  1864.  The 
results  of  the  treatment  have  been  impartially  discussed  in  the  History  of  the  War. 
Abstracts  of  all  the  cases  in  which  it  was  applied  that  could  be  traced  are  furnished. 
The  record  does  not  afford  encouragement  for  its  repetition  in  the  future.  Among 
other  observations  on  the  subject,  the  surgical  historian  of  the  war  writes  :  '  The 
fatality  of  gunshot  wounds  really  penetrating  or  perforating  the  lung  is  so  great,  that 
science  would  have  be<  n  immeasurably  indebted  to  Dr.  Howard  for  an  improvement 
upon  ordinary  methods  of  dealing  with  these  serious  injuries.  Such  a  pretension  is 
far  from  having  been  established ;  it  is  probable  that  the  routine  application  of  the 
plan  has  not  been  unattended  by  disastrous  results ;  and  it  is  to  be  lamented  that 
the  numerous  experiments  have  not  even  advanced  our  pathological  knowledge.' 

When  bullets,  bone-splinters,  or  other  foreign  bodies  become  lodged  within  the 
chest,  if,  from  previous  adhesions,  or  adhesions  established  during  the  progress  of  the 
case,  the  external  opening  and  the  wound-channel  in  the  lung  are  continuous,  there 
is  no  reason  why  the  track  should  not  be  carefully  explored  by  a  probe  or  other 
means  for  determining  the  site  of  the  foreign  bodies  which  are  believed  to  be  lodged 
in  it,  and,  if  fortunately  found,  steps  taken  to  extract  them.  Where  no  such  adhe- 
sions exist,  it  may  be  inferred  that  a  lodged  bullet  has  fallen  into  the  pleural  sac, 
but  there  are  no  safe  means  for  establishing  the  fact ;  and,  owing  to  the  general 
uncertainty  regarding  the  course  a  bullet  may  take  after  entering  the  chest,  and 
serious  difficulties  in  the  proceeding,  an  operation  for  effecting  its  extraction  would 
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be  attended  with  more  risks  than  leaving  it  alone  on  the  chance  of  it  becoming 
isolated  by  lymph  and  eventually  encysted.  If  in  an  advanced  period  of  the  case 
empyema  exist,  then  paracentesis  thoracis  may  be  rightly  performed,  with  the  double 
object  of  evacuating  the  fluid  and  affording  a  chance  of  removing  the  bullet,  which  is 
presumed  to  be  lying  upon  the  diaphragm. 

Gunshot  Injuries  of  the  Abdomen. 

Gunshot  injuries  of  the  abdomen,  like  those  of  the  chest,  are  commonly  divided 
into  non-penetrating  and  penetrating.  But  surgeons  in  their  descriptions  of  these 
injuries  do  not  always  agree  regarding  the  exact  definition  of  a  penetrating  wound  of 
the  abdomen.  To  constitute  a  penetrating  wound,  it  should  be  understood  that 
there  is  a  communication  bet  ween  the  external  opening  and  the  cavity  of  the  abdo- 
men, that  is,  of  the  sac  of  the  peritonaeum.  When  a  bullet  makes  its  way  into  the 
bladder  at  some  extra-peritoneal  part  of  the  viscus,  whether  by  an  opening  through 
the  abdominal  wall  in  front  or  behind  through  the  rectum,  the  injury  is  essentially 
different  from  another  in  which  the  projectile  has  entered  the  viscus  through  some 
part  covered  by  peritonaeum.  So  a  shot-wound  confined  to  the  cortical  part  of  the 
kidney  differs  beyond  measure  from  a  wound  of  the  kidney  in  which  the  peritoneal 
sac  has  been  opened  at  the  same  time.  The  extra-peritoneal  wounds  present  many 
chances  of  survival,  while  the  intra-peritoneal  wounds  are  almost  inevitably  fatal. 
In  classifying  these  injuries,  therefore,  this  distinction  should  be  kept  in  view  when- 
ever the  diagnosis  has  been  sufficiently  established  to  admit  of  their  being  assigned 
to  either  category. 

If  the  foregoing  definition  be  accepted,  non.penetrating  injuries  of  the  abdomen 
will  consist  (1)  of  contusions  and  wounds  of  the  parietes  and  genital  organs  ;  (2) 
contusions  with  a  wound  of  the  peritonaeum,  or  of  one  or  more  of  the  abdominal  or 
pelvic  viscera,  and  (3)  wounds  with  lesion  of  one  or  more  of  the  abdominal  or  pelvic 
viscera,  the  peritoneal  sac  being  unopened.  In  penetrating  wounds,  the  peritonaeum 
only,  or  together  with  it  one  or  more  of  the  abdominal  or  pelvic  viscera,  may  be 
wounded.  Both  non- penetrating  and  penetrating  injuries  may  be  complicated  with 
fracture  of  some  of  the  pelvic  bones. 

In  arranging  the  Surgical  History  of  the  great  Civil  War  in  the  United  States,  Dr. 
Otis  has  made  injuries  of  the  pelvis  a  distinct  class,  distributing  them  into  (1) 
injuries  of  the  bones;  (2)  of  the  parts  contained  within  the  pelvis;  and  (3)  of  the 
genital  organs.  There  is  much  to  be  said  in  favour  of  this  arrangement,  especially 
when  large  numbers  of  various  descriptions  of  injuries  have  to  be  collated  and 
analysed;  but  so  intimate  is  the  connection  which  arises  from  the  common  invest- 
ment by  the  peritonaeum  of  the  principal  viscera  contained  within  both  the  abdomen 
and  pelvis,  that  the  separation  cannot  be  made  without  certain  difficulties,  and  in 
field  returns  in  time  of  war,  in  which  it  is  most  desirable  to  simplify  the  classification 
as  far  as  practicable,  it  seems  to  me  to  be  more  convenient  to  group  and  subdivide 
them  under  one  and  the  same  regional  class. 

Penetrating  wounds  form  relatively  a  larger  proportion  of  the  injuries  of  this 
region  than  they  do  among  those  of  the  head  or  chest.  The  cranium,  from  its  tough- 
ness, form,  structure,  and  coverings,  serves  as  a  strong  defence  against  penetration 
of  the  brain,  even  by  gun  projectiles ;  the  elastic  and  moveable  ribs,  the  scapulae, 
sternum  and  the  muscular  parietes,  with  their  convex  outline,  greatly  protect  the 
contents  of  the  cavity  which  they  enclose ;  but  the  extensively  exposed  surfaces  of 
the  abdomen,  anteriorly  and  laterally,  have  scarcely  any  power  of  resistance  to  offer 
against  a  projectile  inpinging  upon  them  ;  and  when  this  important  cavity  is  once 
opened  by  these  means,  whether  the  projectile  lodges  within  it  or  otherwise,  death  is 
the  usual  result.  Shot  rarely  penetrate  the  cavity  without  causing  a  wound  or 
wounds  of  some  of  its  visceral  contents  at  the  same  time,  and  even  the  chances  of  a 
favourable  termination  which  may  exist  in  incised  and  stabbing  wounds  are  gener- 
ally wanting  in  those  caused  by  projectiles,  for  much  of  the  treatment  that  can  be 
adopted  in  them  is  inapplicable  in  injuries  from  gunshot,  owing  to  the  parts  to  a 
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certain  distance  being  almost  necessarily  deprived  of  their  vitality  by  the  intense 
contusion  to  which  they  have  been  subjected. 

Non-penetrating  injuries  are  not  proportionally  so  grave  as  their  nearness  to  the 
peritomeum  and  the  important  organs  invested  by  it,  with  the  weight  of  the  large 
missiles  by  which  many  of  them  are  caused,  might  lead  us  to  anticipate.  Out  of  115 
non- penetrating  wounds  and  contusions  by  projectiles  of  all  kinds,  in  the  English 
army  during  the  Crimean  campaign,  22  deaths  occurred,  or  19-1  per  cent. ;  out  of 
328  similar  cases  in  the  French  army,  there  were  54  deaths,  or  16-4  per  cent.  The 
proportion  of  recoveries  in  the  American  returns  is  much  larger.  They  show  258 
deaths  out  of  3,259  flesh-wounds  and  contusions  of  the  abdomen,  of  which  the  results 
were  known,  or  7-9  per  cent. ;  but  all  cases  in  which  abdominal  viscera  were  known 
to  be  injured  seem  to  be  excluded  from  these  numbers.  Forty-one  cases  of  visceral 
injury  without  external  wounds  caused  by  gunshot  are  shown  in  a  separate  return 
with  20  deaths. 

The  fatal  injuries  which  occasionally  occur  from  masses  of  shell,  or  heavy  shot, 
in  which  the  liver,  spleen,  or  other  viscera  are  ruptured  without  penetration  of  the 
abdominal  parietes,  and  where  death  ensues  from  shock,  hemorrhage,  or  peritonitis, 
have  been  alluded  to  in  the  general  remarks.  If  the  parietes  have  been  much 
contused,  abscess,  or  sloughing  not  unfrequently  leading  to  fatal  results,  or  muscular 
atrophy,  may  be  expected  ;  and,  as  in  cases  of  parietal  wounds  with  much  loss  of 
substance,  a  tendency  to  hernial  protrusion  will  have  to  be  afterwards  guarded 
against,  in  case  of  recovery.  In  parietal  flesh-wounds,  accompanied  with  extensive 
laceration,  subsequent  ventral  hernia  is  a  very  frequent  occurrence. 

Non-penetrating  wounds  complicated  with  fractures  of  pelvic  bones  have  not 
been  included  in  the  foregoing  numbers.  When  these  fractures  are  superficial 
and  caused  by  small  projectiles,  a  fair  proportion  recover,  although  generally  after  a 
long  and  tedious  process  of  cure ;  but  when  the  bones  are  fractured  by  heavy  pro- 
jectiles, such  as  shell  fragments,  and  the  injuries  do  not  prove  directly  mortal,  the 
vital  powers  of  patients  are  always  seriously  tried  by  the  necessary  restraint  and 
long  confinement  to  which  they  are  subjected.  The  great  force  by  which  such 
wounds  must  be  produced,  the  general  contusion  of  the  surrounding  structures,  the 
long-continued  inflammation,  ulceration,  and  death  of  bone,  with  resulting  abscesses, 
often  deep  and  far  in  extent,  when  the  first  effects  of  the  injuries  are  escaped  from, 
cause  a  large  proportion  sooner  or  later  to  end  fatally,  notwithstanding  the  pelvic 
and  peritoneal  cavities  have  escaped  penetration.  Of  29  such  cases  which  came  under 
treatment  in  the  English  army  in  the  Crimea,  16  died,  or  55  per  cent. ;  of  111  cases 
in  the  French  army,  81,  or  72'9  per  cent.  Of  1,462  cases  in  the  United  States' 
armies  of  which  the  results  were  known,  5 14  died,  or  37"20  per  cent. 

Penetrating  wounds. — The  ratio  of  recoveries  after  these  wounds  in  both  the 
French  and  English  armies  in  the  Crimea  was  very  small.  It  is  a  curious  coinci- 
dence that,  in  the  '  British  Surgical  History  of  the  Crimean  War,'  the  numbers  of 
penetrating  wounds  of  the  abdomen  by  gunshot  among  the  officers  and  men,  and 
the  mortality  arising  from  them,  are  identically  the  same  in  amount  as  the  numbers 
recorded  by  Dr.  Chenu  in  the  French  army.  In  both  armies  the  number  of  pene- 
trating wounds  shown  in  the  returns  amounts  to  120,  and  the  number  of  deaths 
among  them  111,  or  92'5  per  cent.  (See  the  English  tables  at  p.  327,  vol.  ii. 
'  Surgical  History  of  the  Crimean  War,'  and  the  French  table  at  p.  197,  of  'La 
Campagne  d'Orient  en  1854-56,'  par  J.  C.  Chenu.)  With  regard  to  the  nine  survivals 
among  the  officers  and  men  of  the  British  forces,  Surgeon-Major  Matthew,  the 
compiler  of  the  History,  remarks  (p.  330),  '  in  hardly  any  of  the  recoveries  can  the 
penetration  of  the  abdominal  cavity  be  considered  indisputable.'  In  the  United 
States'  civil  war,  among  3,690  penetrating  wounds  of  the  abdomen  by  gunshot,  3,015 
proved  fatal,  433  were  followed  by  recovery,  and  the  results  of  242  were  unknown. 
The  mortality  among  the  3,690  cases,  so  far  as  the  results  were  known,  was  8T70 
per  cent.  In  19  instances  the  penetration  occurred  without  known  injury  to 
viscera,  in  1,072  with  known  injury  of  particular  viscera,  and  in  2,599  with  visceral 
injuries  the  nature  and  limits  of  which  were  not  determined  with  precision. 

Vol.  I.  M  M 


530 


GUNSHOT  INJURIES. 


A  penetrating  wound  of  the  abdomen,  whether  viscera  be  wounded  or  not,  is 
usually  attended  with  a  great  amount  of  '  shock.'  When,  in  addition  to  the  cavity 
being  opened,  viscera  are  penetrated,  and  death  does  not  directly  ensue  from 
some  of  the  larger  arteries  being  wounded,  the  shock  of  the  injury  is  a  very  marked 
symptom,  and  the  collapse  attending  it  is  seldom  recovered  from,  up  to  the  time  of 
the  fatal  termination  of  the  case.  This  is  sometimes  the  only  symptom  which  will 
enable  the  surgeon  to  diagnose  that  viscera  have  been  wounded.  The  mind  remains 
clear ;  but  the  prostration,  oppressive  anxiety,  and  restlessness  are  intense  ;  and,  as 
peritonitis  supervenes,  pain,  short  and  hurried  respiration,  diffused  tenderness, 
irritability  of  the  stomach,  distension,  and  the  other  signs  of  this  inflammation,  are 
superadded.  If  the  patient  sinks  under  gradual  or  recurring  haemorrhage,  there 
will  be  no  tympanitic  distension,  diffused  tenderness,  nor  other  signs  of  peritonitis, 
but  the  pallor,  coldness  of  surface,  faintness,  gradual  failure  of  pulse,  will  sufficiently 
explain  what  is  taking  place. 

In  wounds  from  rifle-shot,  it  is  a  rare  event  for  anything  to  escape  from  the 
external  openings.  Their  margins  become  quickly  tumefied,  and  they  are  generally 
blocked  up  by  subcutaneous  fat  or  omentum.  If  any  matter  escape,  however,  it  may 
indicate  what  viscus  has  been  wounded. 

Gunshot  wounds  of  the  stomach  rarely  come  under  the  care  of  military  surgeons  ; 
the  majority  die  on  the  field  from  haemorrhage  or  from  the  combined  effects  of  other 
lesions  with  which  they  are  complicated.  In  wounds  from  rifle-shot,  the  oigan 
probably  contracts  violently  immediately  after  penetration,  and  if  any  contents 
escape,  they  pass  with  blood  into  the  peritonaeum,  and  death  from  peritonitis  must 
occur  early.  Under  some  conditions  of  the  stomach,  and  in  wounds  from  shot 
acting  over  a  larger  space,  some  of  the  contents  of  the  viscus  may  escape  externally 
more  readily  and  the  nature  of  the  lesion  be  rendered  manifest.  In  a  very  few- 
instances  recovery  has  taken  place.  The  case  of  Alexis  San  Martin,  who  was 
wounded  in  Canada  in  1822,  and  who  recovered  with  a  permanent  gastric  fistula, 
which  permitted  experiments  on  the  subject  of  digestion  to  be  conducted,  is  a  well- 
known  instance.  The  death  of  this  person  has  been  only  recently  announced 
(1881).  Sixty-four  cases  of  gunshot  wounds  of  the  stomach  are  stated  to  have  come 
under  surgical  observation  during  the  United  States'  civil  war,  and  one  unequivocal 
instance  of  recovery  without  permanent  fistula  occurred  among  them.  The  case 
shows  well  the  leading  symptoms  of  such  an  injury. 

A  cavalry  soldier  was  shot  in  a  hand-to-hand  encounter  by  a  revolver  pistol-bullet  fired 
close  to  hirn."  The  bullet  entered  the  abdomen  about  two  inches  above  the  umbilicus  and 
one  inch  to  the  left  of  the  linea  alba,  and  made  its  exit  just  above  the  teutli  rib,  two  and  a 
half  inches  from  the  spinous  process  of  the  correspondine:  vertebra.  The  man  fell,  vomited 
blood,  and  blood  was  also  poured  from  the  nostrils.  The  haemorrhage  was  temporarily 
arrested  by  syncope,  but  a  series  of  similar  haemorrhages  recurred  at  intervals  for  a  week. 
Blood  also  passed  by  the  bowels,  but  scarcely  any  by  the  external  openings  in  the  parietes. 
There  was  from  the  first,  however,  no  doubt  regarding  the  nature  of  the  wound,  as  some 
water  drank  shortly  after  its  infliction  escaped  by  the  entrance  opening.  Pain  at  the  seat  of 
injury  was  severe.  The  man  could  not  bear  a  recumbent  posture;  he  was  easiest  when  the 
upper  part  of  the  body  was  well  raised.  Opium  was  given  freely  to  allay  pain.  The  in- 
flammation which  followed  seemed  to  diffuse  itself  over  the  whole  abdomen,  and  active  treat- 
ment was  pursued  for  several  weeks.  Whenever  he  received  fluids  or  food  into  the  stomach 
part  of  the  half-digested  material  woidd  escape  from  the  anterior  wound  and  soil  the  dress- 
ings, lie  became  very  emaciated.  The  escape  of  food  from  the  wound  stopped  about  the 
tenth  week  after  the  injury.  He  occasionally  vomited  blood,  and  this  did  not  cease  altogether 
till  about  three  months  after  the  wound.  During  the  latter  part  of  this  time  it  only  occurred 
when  he  was  moved  from  bed  to  bed.  Finally  both  wounds  became  closed,  and  he  then 
rapidly  regained  health.  The  only  ill  result  was  that  the  man  was  bent  forward  in  posture 
owing  to  cicatricial  contractions  in  the  track  of  the  wound.  He  was  discharged  the  service 
in  April,  1863,  and  pensioned.    His  condition  was  uuchanged  when  seen  in  1872. 

The  liver,  from  its  solid  consistence,  size,  and  relatively  fixed  position,  has  not  the 
same  chance  of  eluding  a  passing  bullet  as  the  stomach,  and  diagnosis  of  a  wound  of 
this  organ  is  comparatively  easy.  Bile  sometimes  escapes  at  first  with  blood  from 
an  external  opening;  or  subsequently,  if  death  does  not  result  from  primary  haemor- 
rhage, other  associated  lesions,  or  peritonitis,  bile  is  seen  to  hp.  mixed  with  the  puru- 
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lent  discharge  from  the  wound.  Recovery  takes  place  in  occasional  cases,  Some 
instances  of  recovery  were  published  by  the  surgeons  who  were  engaged  in  military 
practice  during  the  Peninsular  campaigns.  Only  one  man  wounded  in  the  liver  was 
known  to  have  survived  from  the  Crimean  war,  and  as  I  had  the  opportunity  of 
ascertaining  the  effects  of  the  wound  for  several  years  after  its  infliction,  I  recorded 
its  history  in  full  in  the  fourth  volnme  of  the  '  Army  Medical  Reports  '  (see  '  History 
of  a  case  of  Gunshot  Wound  of  the  Liver,  with  Remarks,'  '  Army  Med.  Dept.  Report  s,' 
London,  1864,  p.  502).  Two  officers  recovered  who  were  shot  through  the  liver 
by  musket-bullets  during  the  Sepoy  mutiny  in  India,  and  their  cases  are  described 
in  the  'Indian  Annals  of  Medical  Science,'  for  January,  1859.  The  experience 
gained  respecting  these  wounds  during  the  civil  war  in  the  United  States  was  very 
large,  no  less  than  173  instances  being  tabulated  as  having  been  under  surgical 
treatment.  In  59  of  these,  the  wound  of  the  liver  was  the  dominant  lesion  ;  in  114, 
it  was  associated  with  wounds  of  other  viscera  or  fractures  of  the  spine  or  ribs.  Of 
the  59  uncomplicated  cases,  25  were  reported  to  have  recovered ;  but,  after  a  close 
analysis  of  these  alleged  recoveries,  Dr.  Otis,  the  surgical  historian  of  the  war,  came 
to  the  conclusion  that  only  1 4  of  them  were  incontestable,  the  evidence  in  1 1  of 
them  as  to  the  liver  having  been  wounded  being  inconclusive.  Among  the  114 
complicated  cases,  37  recoveries  were  reported ;  but  Dr.  Otis  reduced  the  number 
in  which  the  existence  of  the  hepatic  lesion  appeared  to  be  indubitable  to  18.  Tire 
complications  mentioned  by  the  surgeons  who  forwarded  reports  of  the  cases  were 
lesions  of  the  diaphragm  in  23  instances,  of  the  lung  in  18,  of  intestines  in  9,  of  the 
kidney  in  6,  and  fractures  of  ribs  in  9  instances.  In  2  cases  there  was  believed 
to  be  a  wound  of  the  gall-bladder.  The  14  recoveries  among  the  59  uncomplicated, 
and  the  18  recoveries  among  the  114  complicated  cases,  appear  to  be  beyond  doubt, 
and  Dr.  Otis  has  stated  that  these  32  examples  are  '  not  to  be  excluded  by  the  most 
rigorous  analysis  from  the  category  of  recoveries  from  shot- wounds  of  the  liver.' 

Wounds  of  the  spleen,  although  there  is  evidence  of  it  being  frequently  ruptured 
by  severe  contusions  from  large  projectiles,  are  rarely  seen  by  military  surgeons, 
probably  because  penetration  of  this  organ  is  in  most  instances  followed  by  fatal 
haemorrhage  or  is  associated  with  other  lesions  of  a  mortal  nature.  Two  instances 
of  recovery  after  wounds  of  the  spleen  by  gunshot  are  recorded  in  the  '  History  of  the 
United  States'  Civil  War.'  In  one  the  wound  was  caused  by  a  conoidal  bullet ;  the 
missile  which  caused  the  wound  in  the  other  case  is  not  mentioned.  In  this  latter 
instance,  the  spleen  is  described  as  having  been  extirpated.  Several  days  after  the 
wound  the  entire  body  of  the  spleen  protruded  from  the  opening,  and  being  strangu- 
lated and  too  nearly  gangrenous  to  admit  of  an  attempt  to  reduce  it,  Dr.  Alston 
applied  a  ligature.  In  a  few  days  the  spleen  fell  off,  and  the  patient  made  a  rapid 
recovery.  Dr.  Otis  has  tabulated  a  collection  of  cases  in  which  splenotomy  has  been 
performed,  and  the  results  of  the  operation  are  shown  to  have  been  more  successful 
in  cases  of  injury  than  when  it  has  been  done  for  disease. 

Gunshot  wounds  of  the  kidneys  or  bladder,  if  there  be  a  direct  communication 
between  the  wound  and  the  sac  of  the  peritonaeum,  are  almost  inevitably  fatal 
injuries,  from  flow  of  urine  and  peritonitis,  when  the  primary  dangers  of  shock  and 
haemorrhage  are  escaped ;  if  these  organs  are  wounded  in  such  a  way  as  not  to 
include  their  peritoneal  investment,  they  have  not  this  extremply  grave  character. 
Many  surgeons  have  recorded  cases  of  gunshot  wounds  of  the  kidney  followed  by 
recovery,  and  in  one  instance  related  by  Mr.  Guthrie  after  an  attack  of  retention  of 
urine,  seven  months  subsequent  to  the  infliction  of  the  wound,  a  piece  of  cloth  was 
forced  out  through  the  urethra  which  must  have  come  down  from  the  pelvis  of  the 
kidney.  The  most  favourable  cases  have  been  those  in  which  a  bullet  has  so  passed 
through  the  lumbar  region  as  to  penetrate  the  cortical  substance  only  of  the  kidney. 
In  addition  to  the  depth  and  direction  of  the  track  of  the  missile,  and  general 
collapse,  the  symptoms  indicating  the  nature  of  the  wound  are  tisually  great  pain 
in  the  region  of  the  injury,  spasmodic  retraction  of  the  testicle,  probably  urgent 
desire  to  micturate,  with  hematuria,  and  if  the  patient  survive  after  a  wound  in 
which  the  tubtdar  substance  has  been  involved,  escape  of  urine  with  the  blood  by 
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the  external  opening,  and  infiltration  of  the  neighbouring  areolar  tissue.  In  one 
instance  of  recovery  during  the  United  States'  war,  the  patient  remained  for  a  long 
time  the  subject  of  urinary  fistula.  Particulars  of  twenty-six  alleged  instances  of 
recovery  from  shot  wounds  of  the  kidney  during  the  United  States'  war  were  for- 
warded to  the  Surgeon-General's  office,  but  Dr.  Otis  does  not  regard  them  all  as 
unequivocal. 

Many  instances  of  recovery  after  extra-peritoneal  gunshot  wounds  of  the  bladder 
have  been  recorded  by  surgeons.  As  many  as  183  such  wounds  were  reported  to 
Washington  from  the  United  States'  civil  war,  and  out  of  this  number  87  patients 
survived,  or  45 -5  per  cent.  A  large  proportion  of  those  who  survived,  however,  are 
said  to  have  been  afflicted  with  grave  disabilities,  in  some  instances  entailing  fatal 
results  after  years  of  suffering.  When  the  bladder  is  opened  by  a  projectile  which 
does  not  perforate  the  viscus,  its  lodgment  within  the  cavity  is  almost  a  necessary 
consequence.  Mr.  Dixon,  of  St.  Thomas's  Hospital,  published,  in  the  thirty-third 
volume  of  the  '  Medico-Chirurgical  Society's  Transactions,'  an  account  of  16  cases  in 
which  lithotomy  had  been  performed  for  the  extraction  of  bullets,  or  of  calculi  of 
which  bullets  formed  the  nuclei.  Since  that  date  Dr.  Otis  has  increased  the  number 
to  31  instances  of  cystotomy  for  the  removal  of  gunshot  projectiles  or  concretions 
formed  about  them,  12  of  the  additional  cases  having  occurred  in  the  United  States. 
Lithotomy  was  peformed  20  times  for  the  extraction  of  calculous  accretions  which 
originated  in  gunshot  wounds  of  the  bladder,  but  in  only  the  12  instances  above 
alluded  to  were  they  formed  around  firearm  projectiles.  In  the  remaining  8 
instances  bone  splinters  constituted  the  nuclei  in  3,  a  bit  of  cloth  in  1,  a  tuft  of  hair 
in  1,  and  in  3  inspissated  mucus  and  blood.  To  these  Dr.  Otis  has  added  a  remark- 
able case  in  which  a  vesical  calculus  was  successfully  removed  from  an  Indian 
warrior  by  Surgeon  Forwood,  U.  S.  A.,  in  which  the  nucleus  was  found  to  be  an 
iron  arrow-head. 

A  section  of  a  calculus,  with  an  elongated  and  distorted  leaden  bullet  for  its  nucleus, 
recently  added  to  the  Museum  at  Netley,  presents  some  features  of  interest.  It  was  re- 
moved by  Surgeon-Major  T.  Robinson,  of  the  Indian  Medical  Service,  from  a  native  who 
came  to  the  civil  dispensary  at  Edwardesabad,  on  the  North-west  frontier  of  India,  to  he 
operated  upon  for  the  usual  symptoms  of  stone  in  the  bladder.  The  man  had  taken  part  in 
a  raid  on  one  of  the  hill  villages,  and,  being  driven  off,  was  shot  in  the  right  buttock  as  he 
was  retreating.  The  bullet  is  reported  to  have  passed  through  the  ilium.  No  vesical  symp- 
toms followed  till  nearly  two  years  after  the  date  of  the  wound — about  two  months  before 
the  patient  came  to  the  dispensary  for  relief.  Lithotomy  was  performed  in  the  ordinary 
way.  The  day  following  the  operation,  while  the  patient  was  at  stool,  a  large  abscess, 
apparently  peri-rectal,  burst,  and  a  pint  and  a  half  of  pus  being  discharged,  the  patient 
rapidly  sank,  with  symptoms  of  hectic.  No  post-mortem  examination  was  permitted.  The 
weight  of  the  calculus  attracted  Dr.  Robinson's  attention,  and  caused  him  to  have  a  section 
made  of  it.  The  history  seems  to  show  that  in  this  case  the  bullet  did  not  at  first  penetrate 
the  bladder,  but  that  it  found  a  passage  into  it  subsequently  by  ulcerative  action. 

When  the  small  intestines  have  been  perforated  by  a  bullet,  it  may  occasionally 
happen  that  faeculent  matter  will  escape  by  the  parietal  wound,  but  in  the  large 
majority  of  cases  no  such  evidence  will  be  afforded.  The  diagnosis  then  depends 
only  on  the  general  symptoms,  together  with  the  indications  afforded  by  the  external 
openings  as  to  the  apparent  course  of  the  projectile,  unless  the  projectile  itself 
happen  to  be  passed  per  anum.  But  this  may  occur  after  a  wound  of  either  the 
large  or  small  intestine. 

Recoveries  after  penetration  of  the  small  intestines  by  shot  are  usually  very 
questionable,  and  are  certainly  exceedingly  rare.  There  is  a  preparation  of  jejunum 
in  the  Army  Medical  Museum  at  Netley  which  was  supposed  to  have  been  perforated 
in  three  places  by  a  musket-bullet.  It  was  taken  from  a  private  of  the  80th 
Regiment,  who  was  shot  through  the  abdomen  at  Ferozeshah,  in  1845,  and  who  died 
from  cholera  in  1851.  Inspector-General  Taylor,  C.B.,  then  surgeon  of  the  regiment 
who  made  the  post-mortem  inspection,  thus  described  the  injured  part  of  the  intes- 
tine. '  The  intestines  neither  there  nor  elsewhere  were  markedly  adherent,  but  the 
fold  of  intestines  immediately  opposed  to  the  cicatrix  (of  the  parietal  wound)  pre- 
sented a  line  of  contraction,  as  if  a  ligature  had  been  tied  round  the  gut.  The 
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same  appearance  existed  in  two  other  places.'  It  seems  more  likely  that  the  gut  was 
contused  than  perforated,  and  that  the  three  constrictions  which  are  still  to  be  seen 
iD  the  preparation  gradually  supervened  on  the  injury  ;  more  especially  as  no  adhe- 
sions were  found,  and  as  at  the  time  the  wound  was  inflicted  the  symptoms  were  so 
slight  as  to  have  led  to  the  supposition  that  the  ball  had  gone  round  the  abdominal 
wall.  Five  cases  of  recovery  after  gunshot  wounds  of  the  abdomen,  in  which  the 
small  intestines  were  supposed  to  have  been  penetrated,  were  reported  to  Washington 
during  the  United  States'  war.  These  were  the  only  cases  in  which  it  is  stated 
there  was  any  plausible  ground  for  suspecting  the  small  intestines  had  been  the  seat  of 
lesion,  and  Dr.  Otis,  in  describing  them,  regards  it  as  doubtful  whether  the  large  intes- 
tine was  not  the  viscus  wounded  in  each  instance.  He  has  put  forth  the  conclusion 
that  no  incontestable  example  of  recovery  after  a  shot  wound  of  the  small  intestines 
was  observed  during  the  war. 

Gunshot  wounds  of  the  large  intestines,  especially  of  the  caecum,  ascending  and 
descending  portions  of  the  colon,  more  particularly  the  latter,  are  not  so  fatal  as 
wounds  of  the  small  intestines,  probably  from  structural  causes  as  wel]  as  from  cir- 
cumstances connected  with  their  position  ;  from  the  gut  being  so  tied  down  that  the 
continuity  between  the  opening  in  the  abdominal  wall  and  the  wound  in  the  intes- 
tine is  more  readily  maintained,  so  that  escape  and  diffusion  of  faecal  matters  into  the 
peritoneal  cavity  is  less  likely  to  occur  than  in  wounds  of  the  floa  ting  intestines,  and 
also  from  certain  portions  of  the  large  bowel  being  less  completely  invested  by  perito- 
naeum. Wounds  of  the  transverse  portion  of  the  colon  are  far  more  hazardous  than 
those  of  the  parts  above  mentioned. 

An  ordinary  result  of  a  gunshot  wound  of  the  colon,  when  not  of  a  directly 
fatal  character,  is  the  establishment  of  a  faecal  fistula,  and,  by  means  of  this  way  of 
escape  for  stercoral  and  other  discharges,  life  is  sometimes  saved.  One  such  case 
occurred  in  the  Crimea,  and  happened  in  the  19th  Regiment,  of  which  I  was  then 
surgeon.  The  patient,  Private  Beehan,  eventually  passed  under  the  care  of  my  friend 
Mr.  Birkett,  at  Guy's  Hospital,  where  he  died  from  the  effects  of  albuminuria,  four 
year's  after  the  receipt  of  the  wound  referred  to.  The  early  surgical  history  of  this 
case  has  been  already  published  in  vol.  i.  p.  606,  and  vol.  ii.  p.  437  of  the  '  Lancet '  for 
1855  ;  the  medical  history,  together  with  the  results  of  the  post-mortem  inspection, 
have  been  detailed  by  Dr.  Habershon,  in  vol.  v.,  ser  iii.,  of  the  '  Guy's  Hospital 
Reports.'  The  opening  of  the  fistula,  which  was  near  the  lumbar  portion  of  the  spine, 
became  closed  at  intervals,  and  occasionally,  before  other  disease  supervened,  hopes 
were  entertained  that  complete  recovery  might  result :  indeed,  after  the  man's  * 
return  to  England,  he  was  dischai'ged  from  the  Brompton  Hospital  at  Chatham  in 
April  1856  as  cured.  But  the  fistula  continued  to  open  from  time  to  time,  generally 
after  some  intestinal  disturbance  accompanied  with  flatulence,  up  to  the  time  of  his 
death,  in  1859.  Two  cases  of  abnormal  anus  after  gunshot  penetration  were  recoi'ded 
by  Dr.  Williamson  among  the  wounded  who  returned  from  the  Indian  mutiny  in 
1857  to  Chatham  ;  in  both  instances  the  descending  colon  was  the  part  of  the 
bowel  implicated.  Abstracts  of  59  cases  of  complete  or  partial  recovery  after  shot 
wounds  of  the  large  intestine  are  recorded  in  the  '  Surgical  History  of  the  United 
States'  War.'  Faecal  fistulae  occurred  in  all  these  cases,  but  in  50  of  them  they  became 
closed  after  various  intervals.  In  17  of  these  the  fistulae  closed  within  1  month,  in 
28  within  1  year,  and  in  5  at  periods  over  1,  but  within  4  years.  In  9  instances 
the  fistulae  were  persistent,  and  in  4  of  these  the  patients  died  at  different  dates 
between  4  and  6^  years  after  the  infliction  of  their  Avounds.  The  primary  escape  of 
faecal  matters  does  not  always  occur  directly  after  the  injury ;  in  some  instances  the 
occurrence  follows  it  very  closely,  in  others  it  does  not  happen  till  later,  after  the 
sloughs  have  separated.  In  the  Crimean  case  before  mentioned,  the  first  appearance 
of  stercoral  matter  at  the  external  opening  in  the  loin  was  on  the  4th  day  after  the 
wound.  In  the  United  States'  cases  faecal  matter  appeared  within  1  or  2  days 
after  the  injury  in  35  cases,  and  in  from  12  to  40  days  in  7  others.  The  date  was 
not  noted  in  the  17  remaining  instances. 

In  any  cise  of  gunshot  wound  in  such  a  situation  that  penetration  of  the  abdo- 
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men  may  have  happened,  in  which  the  bullet  remains  lodged,  steps  should  be  taken — 
a  matter  not  unlikely  to  be  omitted  under  the  circumstances  of  camp  hospitals  full 
of  patients — to  isolate  and  examine  all  evacuations  which  may  follow.  I  did  this 
in  the  case  of  the  private  of  the  19th  Regiment  before  mentioned,  and  so  ascertained 
the  passage  of  the  bullet  and  a  piece  of  cloth  per  anum.  This  occurred  on  the  third 
day  after  the  wound.  There  was  no  previous  proof,  nor  even  suspicion,  of  any  por- 
tion of  the  bowel  having  been  wounded;  from  the  site  of  the  bullet  opening — in  the 
loin  near  the  spinal  column — the  projectile  might  well  have  lodged  among  the  spinal 
muscles.  Although  the  colon  was  penetrated  by  the  bullet,  the  post-mortem  inspec- 
tion at  Guy's  Hospital  showed  the  opening  had  occurred  at  a  part  uninvested  by 
peritonaeum  and  that  thus  the  true  cavity  of  the  abdomen  escaped  penetration. 

Instances  have  happened  in  which  a  bullet  has  passed  directly  through  the  abdo- 
men without  perforating  any  important  viscus.  On  the  other  hand,  as  an  example 
of  the  large  number  of  wounds  which  may  thus  be  inflicted,  I  may  mention  the 
case  of  a  private  of  the  19th  Regiment  who  was  wounded  in  the  Crimea,  on  July 
31,  1855.  This  man  incautiously  during  the  night  got  over  the  parapet  of  the 
advanced  trench  before  Sebastopol  to  relieve  his  bowels,  and  was  shot  through  the 
abdomen  by  a  bullet  which  entered  near  the  umbilicus,  and  made  its  exit  close  to 
the  sacrum  while  the  man  was  stooping  down  in  the  act  of  defalcation.  I  made  a.  post- 
mortem examination  in  this  instance,  and  found  that  no  less  than  sixteen  openings 
had  been  made  in  the  small  intestines  by  the  bullet  in  its  passage.  Strange  to  say, 
the  man  survived  these  multiple  wounds  nineteen  hours.  The  position  of  the  soldier 
at  the  time  he  was  shot  and  the  compression  together  of  the  intestines  by  the  dia- 
phragm and  abdominal  muscles  explain  the  fact  of  the  bullet  having  perforated  so 
many  dupiicatures  of  the  intestine. 

Wounds  of  the  diaphragm. — Bullets  occasionally  pass  through  the  diaphragm, 
and  Mr.  Guthrie  has  remarked  that  these  wounds,  in  instances  where  the 
patients  survive — a  rare  event,  owing  to  the  almost  inevitable  implication  of 
some  of  the  important  pectoral  or  abdominal  viscera  in  the  injury — can  scarcely 
ever  become  closed.  Hence  the  danger  of  portions  of  some  of  the  viscera  of 
the  abdomen,  as  the  stomach  or  colon,  passing  into  the  chest  under  the  influence 
of  sudden  exertion  or  strain,  or  of  any  posture  causing  a  generally  diffused  pressure 
of  the  contents  of  the  abdomen,  and  thus  forming  diaphragmatic  hernia?  :  and  of  these 
eventually  from  some  cause  becoming  strangulated.  Two  very  interesting  pre- 
parations of  these  accidents  from  gunshot  exist  in  the  Museum  at  Netley.  In  both 
instances,  parts  of  the  stomach,  colon,  and  omentum  form  the  hernial  protrusions. 
In  one,  death  occurred  a  year  after  the  wound,  from  strangulation  induced  suddenly 
after  a  full  meal ;  in  the  other,  the  soldier  continued  at  duty  twenty-two  years  after 
the  wound,  and  then  died  from  other  causes.  All  the  cases  which  occurred  in  the 
Crimea,  in  which  openings  had  thus  been  established  between  the  cavities  of  the 
chest  and  abdomen,  proved  fatal.  One  case  occurred  where  the  patient  survived  a 
double  perforation  of  the  diaphragm,  together  with  a  wound  of  the  liver,  six  days  ; 
in  another  instance,  where  the  lung,  diaphragm,  liver,  and  spleen  were  wounded, 
the  soldier  lived  sixteen  hours.  The  apparent  direction  of  the  ball,  hiccough, 
dyspnoea  accompanied  with  spasmodic  inspiration,  rapid  supervention  of  pleuritic  or 
peritoneal  inflammation,  and  signs  of  injury  to  some  of  the  neighbouring  viscera,  will 
bo  the  usual  indications  of  such  a  wound.  In  case  of  recovery,  the  risk  of  hernial 
protrusion  and  strangulation  should  be  explained  to  the  patient.  Should  strangula- 
tion occur,  it  can  hardly  be  expected  that  division  of  the  stricture,  which  has  been 
proposed  for  its  relief,  could  be  performed,  without  the  operation  itself  leading  to 
nearly  as  certain  fatal  results  as  the  condition  it  would  be  employed  to  remove. 

Treatment. — No  injury  of  the  abdomen  by  gunshot,  although  it  may  be  a  non- 
penetrating one,  should  be  regarded  as  trifling.  Although  no  organ  may  have  been 
ruptured,  there  may  have  been  considerable  contusion  of  one  or  more  viscera,  and 
care  may  be  necessary  to  avert  inflammatory  consequences.  Rupture  of  muscular 
fibres,  rupture  of  small  vessels  and  ecchymosis  in  the  abdominal  walls,  are  apt  to 
occur,  as  effects  of  the  violent  stroke  of  a  projectile,  or  of  the  spasmodic  contraction 
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of  the  muscles  at  the  moment  of  impact.  In  all  such  cases  a  strictly  recumbent 
position  should  be  insisted  on  as  long  as  pain  on  muscular  action  or  tenderness  on 
pressure  continue,  and  if  the  tenderness  be  great,  the  upper  part  of  the  body  and  the 
thigh  should  be  raised  so  as  to  relax  the  abdominal  walls,  a  cradle  or  other  means 
be  used  to  keep  off  the  weight  of  bed-coverings,  and  fomentation  by  spongio-piline 
employed.  No  purgatives  should  be  given  early  in  the  case,  but  if  the  bowels  act 
the  dejections  should  be  observed  for  traces  of  intestinal  injury.  So  also  if  urine  be 
passed,  its  condition  should  be  noticed.  If  a  missile  such  as  a  fragment  of  shell  has 
struck  the  hypogastric  region,  temporary  paralysis  of  the  bladder  may  follow,  and 
the  use  of  a  catheter  may  be  required.  If  abscess  should  form  between  the  parietal 
layers,  the  matter  should  be  evacuated  as  early  as  possible.  After  a  severe  contusion, 
atrophy  of  a  portion  of  the  walls  will  occasionally  follow,  and  a  tendency  to  ventral 
hernia.  It  is  always  well  before  the  subject  of  such  an  injury  is  allowed  to  quit  his 
bed,  to  apply  a  broad  flannel  bandage  round  the  abdomen,  and  to  recommend  its  use 
being  continued  for  some  time  subsequently. 

If  an  open  bullet-wound  is  found  in  the  abdominal  wall,  and  no  grave  symptoms 
are  present,  it  may  be  doubted  whether  penetration  of  the  peritoneal  cavity  has  taken 
place.  It  is  more  prudent,  however,  not  to  make  an  exploration  by  the  finger  or 
probe  to  solve  the  doubt ;  a  little  misdirected  force  may  do  much  harm.  The 
symptoms  will  soon  show  whether  the  bullet  has  penetrated,  or  is  lodged  some- 
where in  the  abdominal  wall.  If  the  missile,  cloth,  or  any  other  foreign  substance 
is  seen  to  have  been  caught  at  or  near  the  opening,  it  should  be  removed  at  once  ; 
otherwise,  the  less  the  wound  is  interfered  with  before  the  wounded  man  arrives  at 
a  hospital,  the  better.  An  antiseptic  pad  should  be  applied  over  it,  and  maintained 
in  position  by  a  suitable  bandage,  without  undue  pressure,  and  the  man  sent  to 
hosj)ital  at  once. 

If,  from  the  direction  of  the  wound,  or  from  the  shock  and  other  symptoms,  there 
is  no  doubt  about  penetration  having  occurred,  but  no  extrusion  of  bowel  is  present, 
the  surgeon  can  still  do  little  more  than  apply  a  first  dressing,  soothe  the  patient  by  the 
administration  of  opiates,  and  take  any  measures  which  circumstances  may  suggest 
to  prevent  aggravation  of  existing  kijury.  The  removal  of  a  soldier  in  whom  the 
abdomen  has  been  penetrated  from  the  place  where  he  has  fallen  should  always  be 
conducted  in  the  most  easy  and  cautious  manner ;  and  before  the  transpor  t  is  com- 
menced a  full  dose  of  opium  or  morphia  should  be  administered  to  him.  The 
advisability  of  an  early  administration  of  a  dose  of  morphia  may  be  taken  as  a 
general  rule  for  all  such  cases.  The  use  of  this  remedy  is  most  important,  not 
merely  to  allay  pain  and  nervous  exciteme  nt,  but  also  to  stop  the  peristaltic  action  of 
the  intestines  as  much  as  possible.  By  its  aid,  if  an  opening  has  been  made  in  a  part 
of  the  intestine,  perhaps  escape  through  it  of  the  bowel- contents  into  the  peritoneal 
cavity  may  be  prevented ;  and  if  the  opiate  treatment  be  continued  at  intervals,  and 
perfect  rest  enjoined  after  the  man  has  arrived  at  hospital,  perhaps  such  a  state  of 
quiet  may  be  produced  at  the  seat  of  injury,  that  the  wounded  parts  may  become 
agglutinated  to  neighbouring  structures  by  effused  lymph,  so  as  to  stop  further  com- 
munication with  the  general  cavity  of  the  abdomen.  No  brandy  or  other  stimulant 
should  be  given  ;  the  collapse  which  attends  such  injuries  may  be  useful  in  checking 
haemorrhage,  and  the  exhibition  of  stimulants  is  further  contra-indicated  by  the  risk 
of  exciting  too  much  reaction,  should  the  wound  not  prove  directly  fatal.  The  diet 
and  drinks  should  be  most  limited  in  quantity  ;  for  the  first  two  or  three  days 
nothing  but  a  little  water  should  be  allowed.  No  medicines  that  may  excite  action  of 
the  bowels,  nor  enemata,  should  be  given.  In  short,  all  the  early  treatment  should 
be  directed  to  insuring  rest  as  complete  as  possible,  not  merely  of  the  patient  gene- 
rally, but  also  local  rest — most  especially  of  the  abdominal  viscera  which  may  have 
been  involved  in  the  injury — and,  at  the  same  time,  to  limiting  inflammatory  action 
in  the  wounded  serous  sac  to  the  narrowest  bounds. 

If  the  case  go  on  badly,  and  the  extreme  restlessness  and  anxiety  of  the  patient, 
rapid  wiry  pulse,  diffused  abdominal  pain  and  tenderness,  tympanitis,  occasional 
hiccough,  and  efforts  at  vomiting,  show  that  general  peritonitis  is  advancing,  almost 
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hopeless  as  the  case  is,  still  the  same  remedial  measures  should  be  adopted  as  would 
be  employed  in  peritonitis  from  other  than  traumatic  causes.  Effusion  of  visceral 
products  into  the  sac  of  the  peritonaeum  may  not  have  occurred,  and,  in  such  an 
accident,  life  may  possibly  be  saved. 

If  the  wound  be  one  in  which  intestine  protrudes,  and  the  latter  be  found  to  be 
entire,  it  must  be  dealt  with  on  the  same  principles  as  protrusions  after  incised  or 
ordinary  torn  wounds.  The  protruding  portion  should  be  carefully  cleared  from  any 
gravel  or  dirt  that  may  be  adhering  to  it,  and,  after  relaxing  the  parietes  by  proper 
position,  should  be  returned  through  the  opening  by  deliberate  and  cautious  pressure. 
It  may  be  difficult  to  accomplish  the  taxis,  but  rather  than  employ  any  force  in  the 
procedure,  the  opening  should  be  carefully  extended  on  a  director,  and  the  incised 
portion  afterwards  secured  by  a  suture.  Even  at  the  first  line  of  assistance  a  surgeon 
should  never  send  away  a  wounded  man  without  relieving  such  a  hernial  protrusion 
if  he  can  possibly  avoid  doing  so.  But,  if  the  protruding  intestine  is  found  to  have 
been  opened  by  the  projectile,  or  if  from  the  length  of  time  which  has  elapsed  before 
the  constricted  bowel  has  been  brought  to  the  notice  of  a  surgeon  it  has  become 
gangrenous,  not  simply  congested,  the  part  so  wounded  or  so  gangrenous  should  not 
be  returned.  Steps  in  such  a  case  must  be  taken  to  try  and  form  an  artificial  anus, 
and  so  to  imitate  the  usual  means  of  natural  cure  when  recovery  follows  a  gunshot 
wound  with  penetration  of  intestine.  It  must  be  remembered  that  sutures  are  not 
to  be  applied  to  the  edges  of  a  gunshot  wound  without  previously  paring  them  and 
removing  the  parts  which  have  been  irrecoverably  injured  by  the  action  of  the 
projectile. 

When  the  bladder  is  so  penetrated  that  the  extreme  danger  of  an  opening  into 
the  peritonaeum  has  been  escaped,  care  must  be  taken  to  provide  for  the  removal  of 
the  urine,  either  by  an  elastic  catheter,  or,  if  this  cannot  be  retained,  by  perineal 
incision  to  prevent  it  from  infiltrating  the  areolar  tissue  adjoining  the  wound.  If 
urine  has  already  become  disseminated  externally  in  the  cellular  tissue  before  the 
wounded  man  has  been  brought  to  the  surgeon,  incisions  should  be  made  without 
delay  in  suitable  positions  for  giving  it  the  necessary  means  of  escape.  A  freely 
communicating  external  wound  prevents  the  employment  of  the  catheter  from  being 
essential.  A  soldier  of  the  57th  Regiment  was  wounded  on  June  18,  1855,  by  a 
musket-bullet  which  entered  the  left  buttock,  fractured  the  pelvis,  and  came  out 
about  three  inches  above  the  os  pubis,  and  one  inch  to  the  right  of  the  median  line. 
The  bladder  was  perforated  ;  urine  escaped  by  both  openings,  chiefly  by  the  one  in 
front.  Here  the  catheter  caused  so  much  irritation  that  it  was  withdrawn  ;  but  the 
posterior  wound  soon  ceased  to  discharge  urine,  and  in  eighteen  days  the  anterior 
wound  was  free  from  discharge  also.  Seven  weeks  after  the  date  of  injury,  symp- 
toms resembling  those  of  stone  in  the  bladder  came  on  ;  these  were  relieved  on  tluee 
spicules  of  bone  making  their  escape  by  the  urethra.  About  the  same  time  the 
anterior  wound  became  again  open,  and  some  pieces  of  bone  were  discharged.  After 
97  days'  treatment  in  the  Crimea  the  man  was  sent  home  ;  the  anterior  wound  being 
still  so  far  open  that  distension  of  the  bladder,  as  from  accumulation  at  night-time, 
led  to  a  little  oozing  from  it.  This  subsequently  healed,  and  he  was  sent  to  duty  on 
November  22,  nearly  six  months  after  the  date  of  injury. 

In  a  series  of  otherwise  almost  hopeless  cases  the  performance  of  gastrotomy  has 
been  advised  by  some  able  and  experienced  military  surgeons.  Symptoms  may  show 
that  a  wounded  man  is  sinking  under  haemorrhage  from  an  internal  source,  a  bullet 
or  piece  of  shell  may  be  lodged  in  the  peritoneal  cavity,  a  little  feculent  matter  may 
have  escaped  by  the  parietal  wound,  proving  that  some  portion  of  intestine  has  been 
penetrated,  and  in  such  instances  it  has  been  recommended  that  the  opening  in  the 
wall  of  the  abdomen  should  be  extended  sufficiently  to  allow  the  foreign  body  to  be 
sought  for  and  extracted,  or  the  position  of  the  wounded  vessel,  or  bowel,  to  be 
ascertained,  and  ligatured  or  dealt  witli  according  to  circumstances.  The  success 
which  has  attended  gastrotomy  for  the  relief  of  bowel  obstructions,  the  performance 
of  ovariotomy,  the  removal  of  portions  of  bowel  and  union  of  the  separated  ends  by 
appropriate  suturing,  and  other  allied  surgical  proceedings  in  civil  practice,  together 
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■with  the  advantages  obtained  from  the  adoption  of  antiseptic  measures,  fully  justify 
the  practice  in  these  desperate  wounds,  and  there  can  be  little  doubt  it  will  be 
resorted  to  in  the  future  when  circumstances  are  suitable.  At  the  same  time  it  is 
not  to  be  forgotten  that  patients  who  are  subjected  to  ovariotomy  and  such  operations 
in  civil  practice  are  not  labouring  under  the  profound  shock  which  usually  accom- 
panies all  gunshot  penetrating  abdominal  wounds  in  warfare ;  that  there  are  many 
important  differences  between  incised  and  gunshot  wounds  ;  and  that  circumstances 
do  not  admit  of  the  preparations,  and  especially  of  the  carefully  regulated  temperature, 
being  carried  out  in  field  hospitals,  which  are  such  important  adjuncts  to  the  per- 
formance of  these  surgical  operations  in  civil  hospitals.  Hitherto,  however,  wounded 
men  suffering  from  the  complications  of  abdominal  gunshot  wounds  aboye  mentioned 
have  been  left  without  operative  interference,  not  only  in  the  field,  but  even  in 
situations  where  all  the  resources  of  permanent  buildings  and  regular  hospitals  have 
been  at  hand,  and  death  has  been  the  almost  invariable  result.  There  are  few  pene- 
trating gunshot  wounds  of  the  abdomen  in  which  the  real  gravity  of  the  injury  is 
likely  to  be  aggravated  by  enlarging  the  opening  already  made  with  a  view  to  deter- 
mining the  nature  and  limits  of  the  internal  lesion,  and  dealing  with  it  accordingly, 
provided  circumstances  allow  the  same  antiseptic  precautionary  measures  to  be 
adopted,  and  general  treatment  to  be  followed,  which  have  proved  so  successful  in 
peritoneal  operative  surgery  in  civil  practice,  while  in  occasional  instances  such  pro- 
ceedings may  be  the  means  of  saving  lives  which  would  otherwise  be  lost. 

Gunshot  Injuries  of  the  Perineum  and  Genital  Organs. 

From  the  position  of  these  parts  of  the  body,  gunshot  wounds  of  them,  uncompli- 
cated by  penetration  of  the  abdominal  cavity,  or  by  fracture  of  some  part  of  the 
pelvis,  are  comparatively  rare.  The  rare  cases  in  which  the  kidney  and  bladder  are 
wounded  externally  to  their  peritoneal  investment  are  included  in  this  class  in  the 
'  British  Surgical  History  of  the  Crimean  War.'  These  wounds  have  in  this  treatise 
already  been  adverted  to  in  the  remarks  upon  non-penetrating  wounds  of  the  abdo- 
men. Fifty-six  cases  are  tabulated  of  gunshot  wounds  of  the  permseuni  and  genito- 
urinary organs  among  British  soldiers  in  the  Crimea,  from  April  1,  1855,  to  the  end 
of  the  war,  and  among  these  were  17  deaths,  or  30  3  per  cent. ;  while,  out  of  202 
similar  cases  in  the  French  army,  there  were  74  deaths,  or  36"6  per  cent.  Injuries 
of  the  perinseum  and  genito-  urinary  organs  are  treated  as  a  sectional  subdivision  of 
•  Injuries  of  the  Pelvis  '  in  the '  Surgical  History  of  the  United  States'  War.'  One  thou- 
sand one  hundred  and  fifty-two  gunshot  injuries  of  the  genital  organs  are  tabulated, 
with  144  deaths,  or  a  mortality  of  12-5  per  cent.  In  this  number  are  included  309 
wounds  of  the  penis  in  which  the  urethra  escaped  penetration ;  1 05  in  which  the 
urethra  was  involved ;  586  of  the  testis,  the  majority  of  which  were  lacerated  wounds 
of  one  or  both  testes,  often  accompanied  by  wounds  of  either  the  penis,  thighs,  peri- 
nseum,  or  pelvis ;  32  of  the  spermatic  cord;  and  120  in  which  the  limits  of  the 
wounds  of  the  genital  organs  were  not  specified. 

Wounds  of  the  perinajum  and  genital  organs  lead  to  numerous  traumatic  con- 
ditions which  entail  the  necessity  of  a  variety  of  surgical  proceedings  for  their  relief. 
Many  of  these  operations  are  by  no  means  limited  to  the  treatment  of  gunshot 
injuries,  and  they  will  be  found  discussed  under  '  Plastic  Surgery  '  and  other  headings 
elsewhere  in  this  work.  The  space  allotted  to  this  article  jiermits  only  a  few  of  the 
special  features  of  gunshot  injuries  to  be  noticed  in  it. 

Perineal  wounds  of  a  very  severe  character  are  occasionally  caused  by  shells 
bursting  and  projecting  fragments  upwards  ;  they  are  generally  mixed  with  lesions 
of  viscera  of  the  pelvis,  or  fracture  of  its  structure,  or  extensive  laceration  of  neigh- 
bouring parts,  especially  of  the  upper  parts  of  the  thighs  or  buttocks.  Separate 
wounds  of  the  external  organs  of  generation  are  usually  caused  by  the  smaller  forms 
of  projectiles.  In  the  wounds  of  the  penis,  the  dense,  elastic,  fibrous  tunics  of  the 
corpora  cavernosa  and  corpus  spongiosum  sometimes  limit  and  seem  to  direct  the 
course  taken  by  bullets.    In  two  cases  in  the  Crimea,  a  bullet  entered  between  the 


538 


GUNSHOT  INJURIES. 


glans  penis  and  prepuce,  and  traversed  upwards  without  penetrating  the  erectile 
tissue.  In  one  of  these  the  bullet  made  a  partial  circuit  of  the  penis  without 
wounding  the  erectile  tissue  or  the  urethra.  It  entered  between  the  glans  and 
prepuce  on  one  side,  coursed  subcutaneously  obliquely  along  the  inferior  surface,  and 
escaping  at  the  root  of  the  organ  on  the  opposite  side,  slightly  wounded  the  adjoining 
thigh.  In  the  other  the  bullet  also  entered  between  the  glans  and  prepuce,  traversed 
the  whole  length  of  the  penis  without  penetrating  the  investing  tunic  of  the  erectile 
tissue,  made  exit  at  the  root  of  the  penis,  entered  and  passed  through  the  scrotum, 
entered  the  thigh  and  lodged  in  the  natis,  whence  it  was  excised.  These  several 
wounds  healed  favourably,  and  the  man  returned  to  duty  after  thirty-eight  days' 
treatment.  M.  Appia  has  recorded  a  case  where  the  ball  entered  the  summit  of  the 
glans,  tra  versed  the  whole  length  of  one  corpus  cavernosum,  passed  under  the  pubic 
arch,  and  went  out  by  the  right  buttock.  Neither  the  urethra  nor  the  other 
cavernous  body  was  opened.  If  the  bullet  by  which  the  penis  is  wounded  is 
approaching  the  end  of  its  flight,  or  has  been  retarded  by  previously  striking  bone 
or  traversing  tissues  for  some  distance,  as  when  it  has  passed  through  the  natis  or 
entered  from  the  thigh,  it  may  remain  lodged  in  the  organ.  Three  cases  are  noted 
in  the  '  History  of  the  United  States'  War'  in  which  bullets  were  excised  from  the 
penis  shortly  after  they  became  lodged  in  this  situation.  In  two  other  cases, 
strangely  enough,  bullets  not  only  became  lodged,  but  were  allowed  to  remain  and 
become  encysted  in  the  cavernous  portion  of  the  penis.  The  report  states  that  in 
these  two  cases,  no  difficulty  was  experienced  in  micturition  nor  any  pain  during 
erection,  and  in  one  instance  so  little  inconvenience  was  felt  that  the  man  could 
not  be  induced  to  undergo  the  necessary  operation  for  the  removal  of  the  missile 
after  its  discovery. 

When  one  side  of  the  penis  is  wounded,  and  the  corpus  cavernosum  much 
lacerated  by  a  bullet,  the  loss  of  substance  and  the  contraction  caused  by  the  process 
of  cicatrisation  may  lead  to  such  distortion  when  the  organ  is  distended,  as  not  only 
to  cause  pain,  but  also  to  render  sexual  intercourse  impracticable.  In  some  occasional 
instances  such  conditions  may  be  more  or  less  remedied  by  operative  interference. 
M.  Baudens  has  recorded  a  case  in  which  there  was  painful  lateral  curvature  of  the 
organ  dining  erection  from  the  cause  named,  and  in  which  he  restored  the  natural 
direction  by  means  of  two  simple  but  deep  incisions  in  the  corpus  cavernosum  of  the 
opposite  side.  The  incisions  were  not  made  so  as  to  remove  some  of  the  substance 
directly  opposite  the  cicatrix  on  the  wounded  side,  as  at  first  suggested  itself,  for  it 
was  feared  the  combined  effect  might  lead  to  a  certain  amount  of  annular  strangulation 
of  the  organ  during  erection ;  but  they  were  made,  one  above,  and  one  below,  the 
level  of  the  cicatrix.  Suppuration  was  excited,  and  the  cuts  were  cicatrised  after 
granulation.  This  proceeding  effaced  the  abnormal  lateral  distortion  by  depriving 
the  corpus  cavernosum  operated  upon  of  a  portion  of  its  elasticity  equal  in  amount 
to  that  of  which  its  neighbour  had  been  deprived  by  the  effects  of  the  bullet  wound. 
No  such  distortion  or  inconvenience  may  follow  if  both  sides  are  equally  perforated 
by  a  projectile.  A  soldier  of  the  Second  Division  was  shot  through  the  penis  at  the 
final  assault  of  Sebastopol  on  September  8.  The  bullet  passed  through  both  corpora 
cavernosa  about  an  inch  anterior  to  the  pubis.  Considerable  haemorrhage  followed, 
but  the  urethra  fortunately  escaped.  A  rapid  cure  ensued,  and  the  man  was  soon 
discharged  fit  for  duty.  No  perceptible  inconvenience,  according  to  his  own  state- 
ment, resulted  in  the  functions  of  the  organ. 

Gunshot  wounds  of  the  penis,  joined  with  laceration  of  the  urethra,  and  more 
especially  gunshot  wounds  of  the  urethra  as  it  approaches  the  neck  of  the  bladder, 
are  almost  always  grave  injuries.  They  frequently  occasion  consecutive  results 
which  are  very  difficult  to  deal  with,  and  are  the  source  of  much  protracted  suffering. 
Urethral  stricture,  often  of  a  very  intractable  kind  owing  to  the  nature  of  its  origin, 
urinary  infiltration  and  abscesses,  fistulous  openings,  sometimes  irreparable  when  a 
considerable  portion  of  the  urethra  has  been  carried  away  by  shot  or  by  sloughing 
after  the  wound,  are  among  the  secondary  effects  met  with  in  these  accidents  ;  and  a 
fatal  termination  may  be  expected  in  a  certain  proportion  of  them  under  the  same 
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conditions  of  deteriorated  general  health,  morbid  vesical  and  renal  changes,  or  blood- 
poisoning,  as  is  met  with  in  occasional  cases  of  urinary  abscess  and  extravasation 
from  ordinary  causes.  If  the  laceration  of  the  urethra  be  not  extensive,  the  wound 
may  become  healed  without  any  difficulty,  though  stricture  will  generally  have  to 
be  guarded  against  afterwards. 

A  sharp  and  angular  piece  of  shell,  weighing  twelve  ounces,  passed  through  the  muscles 
of  the  thigh  of  a  soldier  of  the  47th  Regt.  on  September  8,  1855,  in  the  Crimea,  and  lodged 
in  the  perinceum,  from  which  it  was  excised.  The  urethra  was  torn,  for  a  large  quantity  of 
urine  at  each  discharge  flowed  from  the  wound  ;  but,  notwithstanding  this,  it  healed  very 
favourably  without  interference  with  urethral  instruments. 

Private  P.  G.,  1st  Batt.  Rifle  Brigade,  was  wounded  on  June  7,1855,  in. the  right  buttock 
by  a  bullet  which  coursed  along  the  perinseum  and  penis,  and  came  out  between  the  glans 
and  prepuce.  His  urine  flowed  from  the  opening  of  exit  of  the  bullet  for  three  months,  at 
the  eud  of  which  time  its  escape  by  the  natural  meatus  was  re-established.  The  use  of  the 
catheter  was  employed  in  this  case.  The  bullet  in  its  passage  had  struck  and  superficially 
fractured  the  tuber  ischii,  and  this  bone  was  still  carious  when  the  man  was  discharged  from 
Fort  Pitt,  Chatham,  as  an  invalid,  in  December,  1850. 

But  where  any  considerable  portion  of  the  whole  calibre  of  the  canal  is  removed 
no  such  favourable  results  as  those  above  mentioned  can  be  expected.  In  these 
cases  plastic  operations  are  rarely  successful  in  materially  improving  the  patient's 
condition. 

A  permanent  urethro-rectal  fistula  may  follow  as  a  result  of  a  wound  in  this  region. 

Private  R.  H.,  23rd  Regt.,  was  wounded  in  the  trenches  before  Sebastopol  by  a  piece  of 
shell  in  the  perinseum.  The  fragment,  which  weighed  seven  ounces,  lodged  and  was  extracted 
in  the  camp  hospital.  He  was  discharged  at  Chatham  on  August  13, 1856,  as  an  invalid. 
There  was  still  at  that  time  a  false  passage  leading  from  the  urethra  to  the  rectum.  The 
greater  portion  of  the  urine  passed  per  anum.  The  bladder  could  not  be  reached  by  a 
catheter. 

The  scrotum  and  its  contents  are  more  frequently  injured  by  projectiles.  In 
some  instances  the  injury  is  limited  to  contusion  by  projectiles  whose  force  has  been 
partially  expended,  and  there  is  no  difference  between  the  results  which  are  liable  to 
ensue  in  such  cases  and  those  of  similarly  violent  contusion  produced  by  any  other 
means.  Open  wounds  of  those  parts  by  bullets  occur  in  great  variety.  The  shot 
may  simply  graze  or  lacerate  the  surface,  or  it  may  penetrate  and,  without  issuing 
externally,  pass  on  to  other  more  distant  parts  and  escape,  or  may  remain  lodged,  or 
it  may  completely  perforate  the  scrotum,  the  shot  not  only  entering,  but  making  an 
exit.  The  wound  may  be  accompanied  with  injury  to  one  or  both  testes,  or  to  the 
spermatic  cord.  A  necessary  result  of  division  of  the  cord  is  wasting  of  the  testis. 
The  following  will  serve  as  examples  of  ihe  leading  varieties  of  these  injuries  : — 

An  officer  was  wounded  in  the  Crimea  by  a  bullet  which  lacerated  the  scrotal  tunics  on 
the  left  side,  including  the  reflected  tunica  vaginalis,  exposed  the  testicle,  and  then  passed 
on  through  the  thigh  to  emerge  by  the  buttock.  Three  weeks  after  the  wound,  as  the  testis 
had  a  tendency  to  protrude,  the  edges  of  the  wound  in  the  scrotum  were  sutured  and 
strapped,  and  their  union  was  shortly  afterwards  effected. 

In  the  following  case  also  the  bullet  penetrated  the  cavity  of  the  scrotum,  but. 
at  the  same  time  seems  to  have  just  brushed  against  the  lower  border  of  the  testis  or 
globus  minor  of  the  epididymis. 

Private  G.  F.,  60th  Rifles,  was  wounded  in  action  at  Ingogo,  on  Februai-y  18,  1881,  by  a 
rifle-bullet,  which  entered  the  lower  part  of  the  scrotum  close  to  the  raphe,  and  passing 
backwards,  coursed  along  the  inner  aspect  of  the  lower  border  of  the  ischium  on  the  right 
side,  fractured  the  spine  of  the  ischium,  and  made  its  exit  through  the  right  natis.  In 
November,  1881,  he  was  under  treatment  at  Netley  for  exfoliation  of  bone,  sequestra  of 
which  were  removed  from  time  to  time  through  the  opening  in  the  natis.  A  long  silver 
probe  inserted  at  this  opening  passed  through  the  greater  sacro-sciatic  notch  near  the  situation 
of  the  spinous  process,  and  impinged  against  the  inner  aspect  of  the  tuber  ischii.  The  open- 
ing in  the  scrotum  healed  three  weeks  after  the  wound  was  inflicted,  but  the  testis  still  re- 
mained very  tender  on  being,  touched,  and  occasional  pain  was  felt  along  the  cord  while  the 
man  was  at  Netley.  The  testis  was  normal  in  size,  but  the  lower  part  of  the  epididymis  was 
enlarged,  and  appeared  as  a  prominence  in  the  scrotum.  A  noticeable  feature  was  that  the 
cicatrix  in  the  scrotum  was  not  larger  and  not  so  marked  as  a  leech-bite ;  scarcely  discern- 
ible, indeed,  until  pointed  out  by  the  patient.  This  was  partly  owing,  perhaps,  to  the  con- 
tractile action  of  the  dartos  in  the  skin  during  the  process  of  cicatrisation. 
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The  following  case  illustrates  more  extensive  injury  to  the  testes  : — 

Private  J.  McG.,  97tli  Regt.,  was  wounded  in  the  Crimea  on  August  27, 1855,  hy  a  fragment 
of  shell  in  the  scrotum.  It  carried  away  a  large  portion  of  the  integument,  the  left  testis 
entirely,  leaving  only  a  portion  of  the  epididymis,  and  more  than  half  the  substance  of  the 
l  ight  testicle.  No  bleeding  of  any  consequence  took  place  from  the  divided  end  of  the  cord. 
These  wounds  were  complicated  with  severe  laceration  of  the  adjoining  parts  of  both  thighs. 
The  wounds  healed  readily  under  simple  dressings.  He  was  discharged  from  Chatham  as  a 
pensioner  in  February,  185(3,  with  loss  of  vision  of  both  eyes  from  the  effects  of  gravel 
which  had  been  forced  into  them  at  the  time  of  the  shell  explosion. 

The  testis  may  be  lost,  even  though  the  wound  is  not  of  the  severe  character 
it  was  in  the  case  above  mentioned. 

A  soldier  in  the  Crimea  received  a  wound,  which  appeared  to  be  very  slight,  of  one  testis, 
from  a  fragment  of  shell.  At  the  end  of  five  months  this  organ  had  nearly  disappeared 
from  atrophy,  and  that  of  the  opposite  side  was  diminished  in  bulk,  though  the  report  states 
there  was  no  appearance  of  injury  to  this  testis  in  the  first  instance.  Not  improbably, 
however,  it  had  been  bruised  by  the  shell  fragment  in  its  passage. 

Atrophy,  local  neuralgia,  and  pain  extending  to  the  loins  and  back,  are  not  un- 
common results  of  severe  injuries  of  the  testis,  as  shown  in  the  experience  of  the 
United  States'  war.  In  the  History  of  this  war  it  is  stated  that  61,  or  about  1  in  9, 
of  the  cases  of  shot  injury  of  the  testis  were  treated  by  extirpation  of  the  injured 
organ,  and  that  in  3  cases  both  testes  were  removed.  These  cases  were  followed  by 
a  mortality  of  18  per  cent.,  while  in  those  in  which  the  treatment  was  expectant, 
the  mortality  was  under  12  per  cent.  In  one  case  under  my  care  in  the  Crimea  in 
wliich  the  right  testis  was  wounded,  a  fatal  result  ensued  from  tetanus. 

Bullets  which  have  commenced  their  course  at  some  distant  point,  from  the  back 
of  the  natis  for  example,  before  entering  the  scrotum,  are  not  unlikely  to  remain 
lodged  within  its  cavity.  A  projectile,  if  small,  may  even  remain  lodged  in  one  of 
the  testes.  An  officer  in  the  Crimea  accidentally  shot  himself  in  the  scrotum  by 
a  revolver  pistol-bullet.  The  projectile  was  excised  from  the  body  of  the  left  testis. 
Severe  inflammation  and  abscess  followed,  but  the  recovery  which  eventually  took 
place  was  described  to  be  perfect. 

GUNSHOT  INJURIES  OF  THE  EXTREMITIES. 

These  injuries,  always  very  numerous  in  warfare,  offer  many  subjects  of  considera- 
tion for  military  surgeons.  No  other  class  of  injuries  includes  so  many  cases  that 
remain  under  their  care  for  long  periods  as  this.  As  already  shown,  a  large  propor- 
tion of  gunshot  wounds  of  the  head  and  trunk  are  immediately  fatal,  or  from  the 
commencement  contain  the  elements  of  fatal  results,  while  wounds  of  the  extremities, 
if  those  of  the  thigh  be  excepted,  are  free  from  this  extremely  serious  character.  The 
treatment  to  be  pursued,  including  questions  of  conservation,  resection,  amputation, 
and  the  proper  time  for  the  adoption  of  operative  interference,  if  determined  upon,  often 
demands  the  gravest  deliberation.  These  subjects  will  be  considered  in  their  general 
bearing  in  other  parts  of  this  work,  and,  as  in  other  sections  of  this  article,  only  points 
especially  connected  with  the  circumstances  of  warfare  will  be  here  referred  to. 

Gunshot  injuries  of  the  extremities  divide  themselves  into  simple  contusions  and 
wounds  of  the  soft  parts,  and  those  complicated  with  contusion  without  fracture,  or  with 
fracture,  of  one  or  more  bones.  The  flesh  contusions  call  for  no  special  remarks. 
The  flesh-wounds  may  be  simple,  and  these  also  offer  few  peculiarities,  whatever 
their  site.  They  vary  in  their  effects,  as  in  other  parts,  according  to  the  extent  of 
tissue  destroyed,  the  special  connections  of  the  structures  involved  in  the  injuries,  the 
course  of  the  healing  action,  and  the  amount  of  adhesions  and  cicatricial  contractions 
consequent  on  them.  But  they  may  be  accompanied  with  lesions  of  important 
nerves,  in  which  case  they  often  entail  much  and  prolonged  suffering,  lead  to  loss  or 
impairment  of  controlling  power,  and  not  unfrequently  disable  the  extremity  to 
parts  of  which  the  injured  nerves  were  distributed  for  all  active  exertion  ;  or  with 
wounds  of  blood-vessels,  causing  primary  or  secondary  haemorrhage,  and  leading  to 
the  necessity  of  surgical  proceedings  for  its  arrest.  These  latter  complications  usually 
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increase  in  importance  and  gravity  in  proportion  as  the  wounds  approach  nearer  to 
the  trunk. 

Contusions  of  the  bones  of  the  extremities  by  gunshot,  although  the  bones  struck 
are  not  broken,  are  often  very  grave  injuries,  entailing  long-continued  suffering, 
sometimes  protracted  for  years,  and  in  the  end  causing  the  sacrifice  of  limbs  by 
amputation.  If  the  missile  strike  with  only  a  small  remaining  amount  of  force,  the 
contusion  may  be  so  superficial  and  limited  that  its  effects  may  disappear  without 
the  need  of  any  surgical  interference,  while  in  other  cases  subperiosteal  effusion  may 
occur,  raising  the  periosteum  from  the  bone,  inflammation  and  suppuration  may 
follow,  and  repair  take  place  after  the  exfoliation  of  some  small  superficial  sequestra, 
or,  under  unfavourable  circumstances,  the  periostitis  may  extend  itself  until  the 
whole  surfaceof  the  bone  is  rendered  necrotic.  But  in  severe  contusions  by  shot,  the 
effects  are  not  thus  confined  to  the  surface  of  the  bone;  the  bone  is  more  deeply  in- 
jured at  the  part  struck,  and  the  whole  of  it  throughout  is  subjected  to  a  violent 
concussion  of  its  substance.  In  the  instance  of  a  long  bone  painful  ostitis  will 
probably  follow,  with  its  various  consequences,  or  osteo-myelitis  may  occur  and 
extend  until  the  whole  shaft  in  a  necrosed  condition  is  enveloped  in  a  cloacous  in- 
volucrum ;  while  in  the  spongy  bones,  as  in  those  of  the  tarsus,  the  inflammation 
set  up  will  end  in  caries  which,  sometimes  extending  from  bone  to  bone,  in  spite  of 
treatment  leaves  no  resource  at  last  but  amputation.  Early  and  judicious  treatment 
of  the  severer  forms  of  shot  contusions  of  bones  is  of  essential  importance  for  arrest- 
ing or  limiting  the  morbid  processes  which  such  injuries  are  apt  to  give  rise  to ;  but 
as  the  treatment  differs  in  no  respect  from  inflammations  of  bone  due  to  other  trau- 
matic causes,  the  reader  is  referred  to  the  article  on  Diseases  of  Bone  for  information 
on  the  subject. 

When  a  gunshot  wound  of  an  extremity  is  complicated  with  fracture,  the  lesion 
is  usually  rendered  compound  by  the  direct  contact  of  the  projectile  with  the  injured 
bone.  The  opening  of  entrance  of  the  projectile  in  the  soft  tissues  covering  the  bone 
is  not  far  off,  the  track  is  direct,  communication  between  the  external  air  and  the 
seat  of  fracture  has  been  established,  and  all  the  essential  features  of  a  compound 
fracture  are  presented.  But  occasionally  such  fractures  are  simple  fractures.  The 
fracture  takes  place  without  any  open  wound  in  the  soft  parts.  When  this  happens, 
it  is  generally  produced  by  pieces  of  shell  or  projectiles  of  the  indirect  kind,  such  as 
splinters  from  gun-carriages  or  similar  missiles.  Fifty -five  cases  of  simple  gunshot 
fractures  in  the  uppe*-  and  lower  extremities  were  recorded  from  the  Crimean  war. 
They  all -resulted  from  contusion  by  massive  shot  or  shell,  or  from  large  stones  dis- 
lodged by  them  from  the  parapets.  The  greater  number  of  the  men  thus  wounded 
returned  to  duty,  but  in  some  instances,  owing  to  the  crushing  and  disorganisation  of 
the  tissues  amputation  had  to  be  performed.  Only  three  deaths  occurred  among 
the  55  cases.  In  one  instance  which  came  under  my  observation,  a  simple  fracture 
of  the  femur  resulted  from  the  stroke  of  a  bullet.  The  missile  entered  on  the  outer 
side  of  the  thigh  just  above  the  knee,  passed  subcutaneously  up  the  limb,  and  lodged 
near  the  great  trochanter,  whence  it  was  excised.  In  its  passage  it  fractured  the 
femur  in  the  lower  third,  nearly  opposite  to  the  point  where  it  first  struck  the  limb. 
This  was  a  case  of  simple  fracture  complicated  with  a  gunshot  wound  of  the  soft 
parts.  Occasionally  gunshot  fractures  are  produced  by  bullets,  especially  modern 
rifle-bullets  of  narrow  diameters,  after  they  have  travelled  so  long  a  distance  through 
the  soft  tissues,  and  under  such  conditions  that,  although  the  wound  communicates 
with  the  fractured  bone,  the  air  has  had  no  access  to  it.  Such  a  fracture  is  not 
strictly  a  compound  fracture ;  it  is  analogous  to  a  wound  of  a  bone  effected  subcuta- 
neously, and  may  heal  like  a  simple  fracture.  An  example  will  afford  an  illustration 
of  a  wound  of  this  kind.  Private  T.  D.,  92nd  Regiment,  was  hit  by  a  rifle- 
bullet  as  he  was  descending  MajubaHill  on  Feb.  27,  1881.  The  missile  entered  the 
inner  aspect  of  the  left  natis,  and,  penetrating  deeply,  travelled  down  the  thigh, 
struck  and  fractured  the  femur  near  the  junction  of  the  middle  and  lower  third,  and 
continuing  its  course  downwards  and  outwards,  half  of  it  escaped  by  a  small  opening 
about  an  inch  above  the  head  of  the  fibula.  The  remaining  portion  of  the  bullet 
was  subsequently  discovered  lying  two  inches  lower  down,  and  was  excised.    In  this 
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instance  no  bone  came  away  at  any  time  during  the  treatment,  the  amount  of  sup- 
puration was  only  such  as  might  come  from  trifling  flesh-wounds,  and  the  fracture 
became  healed  as  if  it  had  been  a  simple  one.  The  limb  was  shortened  by  two 
inches,  showing  that  the  fracture  had  been  complete ;  and  the  division  of  the  bullet 
into  two  parts,  and  the  marks  upon  the  fragments,  proved  its  direct  collision  with 
the  sharp  edge  of  the  broken  bone. 

The  following  primary  complications,  in  addition  to  those  already  mentioned,  not 
unfrequently  accompany  injuries  of  this  class,  as  they  are  met  with  in  military 
practice  :  extensive  contusion  and  laceration  of  soft  parts;  extension  of  fissures  from 
the  seat  of  main  fracture  into  an  articular  extremity,  and  consequent  opening  of  a 
joint ;  lodgment  of  a  projectile,  either  entire  or  in  fragments,  at  or  near  the  seat  of 
fracture,  some  particles  of  lead  being  generally  left  firmly  imbedded  in  the  edges  of  the 
broken  bone  when  it  has  been  fractured  by  an  ordinary  bullet :  and.  lastly,  injuries 
to  distant  parts  or  organs  from  the  projectile  continuing  its  course  into  the  trunk  or 
adjoining  extremity.  The  serious  aggravation  of  injury  which  constantly  occurs 
from  the  mischievous  effects  of  transportation  from  the  place  where  a  soldier  has 
fallen  to  a  dressing-station  or  the  field-hospital,  and  again  subsequently,  from  the 
field  to  the  general  hospitals  in  rear,  must  also  be  taken  into  account  when  estimat- 
ing the  conditions  and  results  of  gunshot  fractures  of  the  extremities  under  the  cir- 
cumstances of  warfare.  The  critical  influence  which  is  exerted  upon  a  shattered 
bone  with  an  open  wound,  or  upon  an  articulation  penetrated  by  gunshot,  by  the 
distance  the  patient  has  to  be  carried,  and  by  the  kind  of  means  employed  for  effecting 
the  transportation,1  and  the  paramount  importance  in  military  practice  of  preventing 
local  movement  of  the  parts  involved  in  such  injuries,  can  hardly  be  over-estimated. 

Simple  flesh-wounds  have  already  been  referred  to  both  in  respect  to  their  nature 
and  treatment  in  the  commencement  of  this  essay.  It  is  in  connection  with  fractures 
of  bones  and  their  proper  treatment  that  the  interest  of  surgeons  is  chiefly  attracted 
in  gunshot  wounds  of  the  extremities.  From  the  nature  of  the  injuries,  already 
described,  to  which  bones  are  subjected  by  the  modern  weapons  of  war,  together  with 
the  frequently  severe  character  of  the  wounds  in  the  softer  structures,  as  well  as  from 
the  ttsual  circumstances  of  military  practice,  it  might  be  anticipated  that  difficulty 
would  often  arise  in  determining  which  of  the  double  set  of  risks  and  evils — those 
attending  amputation,  and  those  connected  with  attempts  to  preserve  the  limb  with 
a  profitable  result— would  be  least  likely  to  prove  disadvantageous  to  the  patient. 
Some  of  the  rules  on  these  subjects  which  former  experience  had  established  are  now 
undergoing  modification  since  the  introduction  of  antiseptic  principles  of  treatment, 
but  how  far  these  principles  can  be  applied  as  a  general  measure  in  practice  under 
the  rough  and  overwhelming  conditions  which  are  frequently  presented  in  warfare 
still  remains  to  be  proved. 

Some  of  the  varieties  of  fractures  which  result  from  gunshot  in  the  long  bones  of 
the  extremities  can  scarcely  be  produced  by  any  other  agents  besides  projectiles. 
This  fact  is  chiefly  observed  among  partial  fractures,  in  which  the  continuity  of  the 
bone  is  not  entirely  destroyed,  so  that  many  of  the  conditions  and  signs  which 
accompany  complete  fracture  are  absent.  These  are  rare  accidents  in  civil  practice, 
while  in  military  practice  they  are  by  no  means  uncommon.  Thus  military  surgeons 
meet  with  the  following  instances  of  partial  fracture  :  1.  Removal  of  an  outer  stratum 
of  a  bone  by  the  projectile  planing  off,  or  scooping  out,  a  portion  in  its  passage  across 
its  surface:  2.  Removal  of  a  piece,  or  splintering  qff  a  longitudinal  fragment,  or 
fragments,  from  the  external  cylindrical  part  of  a  bone  :  3.  Removal  of  part  of  the 
bone  by  completely  punching  out  a  portion,  thus  leaving  a  canal-like  hole  through 
the  entire  substance  of  the  bone  ;  and  4.  Partial  fracture  by  driving  inwards  part  of 
the  external  cylinder,  and  causing  the  fragment  to  lodge  in  the  medullary  cavity  or 
cancellated  structure  of  a  bone.  This  latter  kind  of  partial  fracture  is  generally 
attended  with  lodgment  of  the  projectile  also.  Long  and  numerous  fissures  extending 
along  a  bone  which  have  commenced  at  the  site  where  the  fracturing  force  has  been 

1  See,  on  this  subject,  A  Treatise  on  the  Transport  of  Sick  and  Wounded  Troops,  pp.  514, 
London,  18(59,  by  Dep.  Insp.  Genl.  T.  Long-more,  printed  under  the  superintendence  of  II. M.'s 
Stationery  Office,  and  sold  by  Longmans  &  Co.  &c. 
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concentrated  are  common  to  fractures  of  bones  from  all  causes,  but  a  peculiar  kind 
of  fissured  fracture  after  gunshot  injury  has  been  met  with,  in  which  Assuring  has 
occurred  at  some  distance  from  the  point  of  impact  of  the  projectile,  with  an  interval 
of  sound  bone  between  the  seat  of  direct  fracture  and  the  indirectly  produced  fissure. 
An  illustration  of  this  accident  in  the  tibia  of  a  soldier  shot  during  the  Franco- 
German  war  in  the  upper  part  of  the  leg  is  shown  among  the  drawings  in  Dr. 
Fischer's  '  Kriegschirurgische  Erfahrungen  '  (plate  v.  fig.  29).  In  this  case  there  is 
an  interval  of  an  inch  and  a  half  of  the  bone  remaining  intact  between  the  direct 
fracture  by  the  shot  and  the  isolated  fissure  below.  As  such  a  fissure  would  not  be 
observable  while  covered  with  periosteum,  it  is  an  occurrence  which  may  readily 
escape  notice.  Among  complete  fractures,  of  which  there  are  every  variety,  those 
attended  with  general  comminution,  in  the  neighbourhood  of  the  part  of  the  bone 


Fig.  65.— Partial  Gunshot 
Fracture.  Lateral  splin- 
tering-. (See  remarks  in 
the  text.)  1  The  bullet 
lodged ;  the  lead  being 
cut  into,  and  a  thin  seg- 
ment turned  back  by  the 
sharp  edge  of  the  frac- 
tured bone. 


Fig.  66.— Partial  Gun- 
shot Fracture.  Per- 
foration with  Assur- 
ing. (See  remarks 
in  the  text.)  2 


Fig.  67. — Resecting  Gunshot 
Fracture  of  the  Fibula. 
The  natural  stay,  or  but- 
tress of  bone  below  the 
seat  of  injury,  which  has 
been  thrown  out  to  sup- 
port the  lower  fragment, 
is  worthy  of  note.3 


struck,  with  violent  dispersion  of  the  fragments  among  the  /       '     »|  ^ 

surrounding  soft  tissues — the  fragments  themselves  act-  fl^i^|Syl|^| 
ing  as  projectiles — and  those  which  may  be  spoken  of 

as  'resecting  fracture'  can  hardly  be  caused  by  any  other  means  than  by  firearm 
projectiles.  The  latter  fractures  result  when  a  rifle-ball  at  high  speed  strikes  one 
only  of  the  two  bones  of  the  leg  or  forearm,  one  or  two  of  the  metacarpal  or  meta- 
tarsal bones,  without  coming  into  collision  with  the  adjoining  bone  or  bones  of  the 
same  portion  of  the  extremity.  The  proportion  of  gunshot  fractures  of  one  bone 
only  of  the  forearm  and  leg  in  warfare  is  very  considerable.  During  the  Crimean 
war,  out  of  148  fractures  of  the  forearm  for  example,  exclusive  of  those  in  which 
important  vessels  or  nerves  were  wounded,  only  one  of  the  two  bones  was  broken  by 
the  shot,  in  77  instances,  and  during  the  United  States'  war  about  two-thirds  of  the 
fractures  in  this  region  were  fractures  of  either  the  radius  or  ulna  only.  But  in  a 
large  number  of  these  cases  the  bone,  though  fractured,  and  often  considerably 

1  Spec.  No.  132  in  the  Army  Medical  Museum  at  Washington.      2  Spec.  No.  76  in  ditto. 
3  Spec.  No.  3692  in  the  Army  Medical  Museum  at  Netley. 
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Fig.  68. — Gunshot  Fracture 
of  the  Radius,  reunited 
and  firmly  consolidated 
by  new  osseous  matter  to 
the  ulna.1 


splintered,  remains  more  or  less  completely  in  its  normal  position,  while,  in  others, 
part  of  the  bone  struck,  including  its  entire  circumference,  is  cut  out  of  it, '  resected,' 
leaving  the  broken  surface  of  the  remaining  upper  portion  of  the  shaft  separated  by 
a  certain  interval  from  the  broken  surface  of  the  lower  portion.  This  is  a  noticeable 
kind  of  fracture,  for  the  impossibility  of  bringing  the  two  broken  surfaces  into  con- 
tact with  each  other  has  a  material  influence,  when  a  certain  limit  of  separation  is 
passed,  in  preventing  any  process  by  which  osseous  continuity  can  be  restored.  I 

have  seen  many  of  these  fractures  in  which  primary 
resection  of  a  portion  of  the  entire  shaft  by  a  shot  has 
occurred,  and  have  not  met  with  bony  union  in  any 
case  where  the  gap  was  a  full  inch  in  amount.  In  a 
case  which  came  under  my  care  in  July  1879  the  space 
left  on  the  side  accessible  to  observation  was  exactly  one 
inch. 

A  young  officer  of  the  90th  Regt.,  about  three  months 
previously,  had  been  shot  at  Kambula,  in  Zululand,  through 
the  ulna  on  the  right  side,  near  the  middle  of  the  bone.  The 
bullet  had  passed  completely  through  the  arm,  and  had  carried 
out  a  fragment  of  bone  with  it.  The  radius  was  quite  unin- 
jured. When  I  first  saw  him  I  could  just  press  the  width 
of  my  thumb  into  the  space  between  the  fractured  ends  of 
the  internal  aspect  of  the  hone,  but  on  probing  through  the 
openings  made  by  the  bullet,  both  of  which  were  discharging 
matter,  the  two  divided  surfaces  were  found  to  be  rough  and 
necrotic.  The  joints  of  the  fingers  and  wrist  were  stiff,  and 
the  forearm  infiltrated,  cedematous,  and  feeble.  Nearly 
eight  months  elapsed  before  the  last  sequestrum  separated. 
Jn  April,  1880,  the  wounds  in  the  soft  parts  were  firmly 
healed.  On  measuring  the  space  at  this  date  between  the 
lower  end  of  the  upper  fragment  and  the  upper  end  of  the 
lower  fragment  of  the  ulna,  on  the  internal  border,  I  found 
it  to  he  exactly  one  inch.  There  was  firm  fibro-cartilaginous 
union  between  the  two  ends.  On  fixing  the  ulna  the  patient 
could  rotate  the  radius  quite  freely  round  it.  The  move- 
ments of  the  fingers  and  wrist  were  completely  restored.  An 
artificial  support  to  make  up  for  the  deficient  solidity  of  the 
ulna  was  supplied,  and,  wearing  this,  the  officer  left  a  few 
months  afterwards  to  rejoin  his  regiment  in  India. 

In  ordinary  gunshot  fractures  of  a  single  bone,  in 
which  the  fragments  are  not  so  much  disturbed  from  their 
normal  position,  a  danger  exists  of  periostitis  being  set 
up  in  the  adjoining  bone,  excited  by  damage  done  by 
the  sharp  points  or  edges  of  the  broken  fragments,  and 
in  the  end  osseous  union  taking  place  between  them. 
This  is  an  accident  which  it  is  difficult  to  prevent  with- 
out interfering  with  the  process  of  union  which  is  going 
on  at  the  seat  of  fracture.  In  the  illustration  of  this 
occurrence  (fig.  68)  the  radius  and  ulna  have  been 
maintained  in  good  position  for  keeping  the  two  bones 
apar  t,  but  they  have  become  firmly  joined  together,  and 
of  course  the  power  of  pronation  and  supination  has 
been  lost  in  consequence. 

Multiple  fractures  of  bones  of  the  extremities  are  of 
frequent  occurrence  in  military  practice,  and  the  multi- 
plicity of  the  wounds  often  materially  alters  the  treatment  which  would  be  adopted 
if  the  injury  were  confined  to  a  single  section  of  the  limb.  A  man  is  hit  while 
the  forearm  is  bent  upon  the  arm,  and  the  bones  of  both  divisions  are  fractured  by 
a  passing  shot ;  or  a  bullet  strikes  laterally,  and  both  thigh-bones,  or  the  bones 
of  other  corresponding  parts  of  different  members,  are  fractured  ;  or  a  shell  bursts 
close  at  hand,  and  the  fragments  wound  the  bones  of  several  parts  of  the  extremities 
1  Spec.  No.  2G01  in  the  Army  Medical  Museum  at  Netley. 
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at  the  same  time.  A  lieutenant  was  thus  wounded  in  the  Crimea.  His  injuries 
consisted  of  compound  fracture  of  both  thigh-bones  and  of  both  bones  of  the  left 
leg,  with  great  laceration  of  the  soft  parts,  an  open  wound  of  the  right  knee-joint, 
and  simple,  though  comminuted,  fracture  of  the  right  humerus.  It  might  well  have 
been  anticipated  that  the  shock  of  such  multiple  and  severe  injuries  would  have 
led  to  speedy  death,  but  he  survived  them  for  seven  weeks. 

When  conoidal  bullets  happen  to  strike  on  or  below  the  trochanters  of  the  femur, 
they  usually  leave  the  head  and  neck  of  the  bone  intact,  but  cause  fissures  which 
often  extend  to  a  long  distance  down  the  shaft ;  when  they  pierce  the  head,  all  the 
parts  below  usually  escape  fracture ;  when  the  neck  is  perforated,  the  fracture 
generally  extends  both  upwards  and  downwards.  The  same  general  rule  holds  good 
with  regard  to  the  upper  articulating  extremity  and  tubercles  of  the  humerus,  but 


Fig.  69. — Upper  portion  of  Right  Femur, 
showing  the  injury  produced  by  a 
conoidal  bullet.  The  projectile  lias 
entered  at  the  trochanter  major,  and 
made  its  exit  upwards  through  the  pos- 
terior part  of  the  neck  of  the  bone.1 


Fig.  70. — Upper  portion  of  Right  Femur, 
showing  the  injury  produced  by  a 
conoidal  bullet  which  has  penetrated 
the  head  of  the  bone.2 


not  in  so  marked  a  manner,  owing  to  the  modified  form  and  development  of  the 
corresponding  parts  in  this  bone.  When,  therefore,  in  a  wound  about  the  hip  or 
shoulder-joint,  an  observation  by  the  finger  of  the  particular  spot  which  has  been 
struck  is  practicable,  a  recollection  of  the  circumstances  just  mentioned  facilitates 
the  diagnosis  of  the  probable  extent  of  the  injury  effected,  and  furnishes  a  point 
for  consideration  when  settling  the  treatment  to  be  adopted.  The  drawings 
(figs.  69  and  70)  serve  to  illustrate  fractures  produced  by  conoidal  bullets  which  have 
penetrated  the  greater  trochanter  and  head  of  a  femur. 

Although  the  subject  of  pysemia  is  considered  in  its  general  bearings  elsewhere, 
it  is  right  to  mention  here  that  this  serious  complication,  as  met  with  in  gunshot 
wounds,  appears  to  be  especially  induced  by  injuries  of  bones,  particularly  those  of 
long  bones  in  which  the  medullary  canal  has  been  laid  open,  its  cellular  and  mem- 
branous structures  lacerated,  and  the  bones  themselves  extensively  splintered. 
Several  circumstances,  both  local  and  general,  probably  conduce  to  this  result.  The 
chief  local  causes  may  be  the  prolonged  suppurative  action  during  the  removal  of 


1  Spec.  No.  710  in  the  Army  Medical  Museum  at  Washington. 

2  Spec.  No.  125  in  ditto. 
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sequestra,  the  irritation  caused  to  surrounding  tissues  by  sharp  points  and  edges  of 
the  fractured  bone  and  detached  fragments,  the  impaction  which  frequently  occurs  of 
fragments  driven  with  violence  into  the  medullary  canal,  the  increased  damage  done 
by  the  effects  of  the  transport  from  primary  to  secondary  and  other  hospitals  while  the 
parts  concerned  are  in. a  state  of  inflammatory  excitement,  and  the  patulous  condition 
of  veins  in  bones  leading  to  thrombosis ;  while  depressed  vital  power  from  any  cause, 
and  continued  exposure  to  an  impure  atmosphere  from  the  congregation  of  numerous 
patients  with  suppurating  wounds,  are  the  principal  agents  in  producing  the  state  of 
constitution  favourable  to  its  development  and  progress.  Unless  the  hospital  mias- 
mata engendered  in  this  way  are  constantly  removed  as  they  arise,  or,  at  least,  very 
greatly  diluted,  by  proper  ventilation,  or  the  patients  are  disseminated  in  hospitals  at 
wide  distances  apart,  it  is  almost  impossible  that  soldiers  labouring  under  severe 
wounds  of  the  extremities  with  comminuted  bony  fractures  can  be  long  saved  from 
septicaemia  and  pyaemia;  and  these,  when  they  supervene,  rarely  lead  to  any  but  a 
fatal  termination.  The  different  conditions  which  in  one  set  of  cases  lead  to  the 
appearance  of  hospital  gangrene,  in  another  set  of  pyaemia,  have  not  been  properly 
defined ;  but  from  the  frequency  with  which  the  latter  complication  follows  wounds 
of  bones,  it  would  seem  that  an  especial  influence  is  exerted  by  the  local  peculiarities, 
already  mentioned,  of  these  injuries.  Observation  would  also  lead  to  the  belief  that 
certain  individuals  are  much  more  predisposed  to  pyaemic  action  than  others  placed 
under  similar  circumstances.  Occasionally,  in  gunshot  injuries  of  bones,  where  no 
splintering  has  occurred,  but  only  a  small  portion  of  the  periosteum  has  been  torn  off  and 
the  shaft  contused  by  the  stroke  of  a  bullet,  severe  inflammation  will  follow,  the 
medullary  canal  become  filled  with  pus,  and  death  ensue  from  pyaemia.  The  atten- 
tion of  military  surgeons  was  particularly  called  to  the  various  circumstances  produc- 
ing inflammation  and  suppuration  of  the  medullary  tissues — osteo-myelitis — in  long 
bones  after  gunshot  injuries  some  years  ago  by  M.  Jules  Roux  of  Toulon,1  and  many 
observations  on  the  subject  are  to  be  found  in  the  '  Surgical  History  of  the  United 
States'  Civil  War.' 

Wounds  of  the  extremities  are  divided  into  two  classes,  in  the  official  classifica- 
tion :  those  of  the  upper,  and  those  of  the  lower,  extremities.  Although  the  two 
extremities  have  many  features  in  common,  yet  the  important  differences  in  their  respec- 
tive functions ;  some  special  anatomical  peculiarities  in  each  ;  the  difference  in  the 
opportunities  afforded  for  treatment — the  patient  with  a  gunshot  fracture  in  the  lower 
extremity  being  necessarily  restrained  to  a  horizontal  position  and  long  confinement 
in  a  hospital-bed,  while,  with  a  similar  wound  in  the  upper  extremity,  the  injured 
limb  can  generally  be  carried  after  a  short  time  without  inconvenience  and  the 
patient  have  all  the  benefit  of  change  of  air,  scene,  and  exercise ;  the  difference  in 
the  estinrate  of  amputation  of  the  two  limbs,  especially  with  nren  of  the  working 
class,  like  soldiers ;  naturally  lead  to  many  different  considerations  regarding  the  two 
sets  of  injuries,  and  seem  to  justify  their  division  into  separate  classes  for'  tabulation 
and  study. 

The  injuries  of  the  two  extremities  are  so  numerous  in  warfare,  constituting 
about  seven-tenths  of  the  cases  admitted  for-  treatment  in  military  hospitals  in  time 
of  war,  and  they  present  such  an  almost  endless  variety  of  feature,  that  very  little 
more  than  a  bare  statement  of  some  of  their  leading  characters  and  general  restrlts  can 
be  included  in  the  present  article.  As  an  instance  of  the  vast  numbers  in  which 
such  injuries  may  be  met  with  in  war,  it  may  be  mentioned  that  in  the  History  of 
the  American  war  of  the  Rebellion,  84,718  shot  wounds  of  the  upper  extremity 
alone  are  tabulated  ;  the  report  on  similar  cases  in  the  lower-  extremity  has  not  yet 
been  published.  The  ratio  of  wounds  of  the  upper  extremity  in  the  American  war 
was  a  little  more  than  33  per  cent,  of  all  the  wounds  which  occurred;  and  this 
appears  to  be  about  the  irsual  average  in  all  wars. 

1  Bulletin  deVAcademie  Imperiale  de  Medicine,  April  24, 1860.  See  also  Des  Amjmta- 
liims  consicutives  a  V ' Ostioniyilite  dans  les  Fractures  des  Membres  par  amies  d  feu,  par  M.  H. 
Baron  Larrey,  Paris,  I860;  and  '  Remarks  upon  Osteomyelitis  consequent  on  Gunshot 
Wounds  of  the  Upper  and  Lower  Extremities,'  in  vol.  xlviii.  of  the  Med.-Chir.  Trans., 
London,  1865,  by  the  writer  of  this  essay. 
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Upper  extremity. — Wounds  of  the  clavicle  and  scapula,  when  they  are  unaccom- 
panied by  grave  lesions  of  the  neck  or  chest,  physiologically  belong  to  the  class  of 
wounds  of  the  upper  extremity.  Gunshot  injuries  of  these  bones  are  rarely,  however, 
so  isolated.  Like  gunshot  injuries  in  other  parts  of  the  body,  they  are  not  unfrequently 
complicated  with  such  a  variety  of  lesions,  owing  to  their  neighbouring  relations,  that 
it  is  difficult  to  assign  them  to  any  one  particular  region.  In  complex  cases  of  this 
kind  the  relative  importance  of  the  parts  wounded  may  decide  any  question  regarding 
the  regional  classification  of  the  injury.  If  this  rule  be  accepted,  the  following 
may  be  classified  as  a  wound  of  the  upper  extremity  and  not  of  the  neck  or  chest  : — 

Major  M.  was  wounded  at  Majuba  Hill  in  February,  1881,  by  a  bullet  which  passed 
through  the  right  clavicle,  traversed,  part  of  the  root  of  the  neck,  coursed  along  the  upper 
back  part  of  the  chest,  and  issued  through  a  perforation  in  the  scapula  below  the  spine  of  the 
bone.  Great  enlargement  and  continued  exfoliations  of  bone  from  the  clavicle,  exfoliation 
of  bone  from  the  scapula,  abscesses  connected  with  small  fragments  of  bone  carried  deeply 
into  the  soft  tissues  by  the  shot,  impaired  movements  of  the  shoulder  with  much  pain, 
wasting  of  the  deltoid  muscle,  loss  of  power  of  extension  of  the  arm,  showing  injury  to  the 
circumflex  and  musculo-spiral  nerves,  have  been  the  chief  results  of  the  injury.  The  use  of 
the  arm  has  thus  become  seriously  impaired. 

Shot  fractures  of  the  clavicle  and  scapula,  in  cases  where  neither  the  chest  cavity 
nor  the  humerus  was  implicated,  are  separately  tabulated  in  the  '  History  of  the 
United  States'  War.'  Of  such  fractures  of  the  clavicle,  520  are  shown,  with  44  deaths 
among  them;  of  the  scapula,  1,423,  with  177  deaths;  of  both  clavicle  and  scapula, 
103  cases,  with  24  deaths;  and  of  fractures  of  the  clavicle  or  scapula,  not  precisely 
specified,  204  cases,  with  69  deaths.  The  mortality  of  this  group  was  under  14  per 
cent. ;  but  Dr.  Otis  remarks  that  more  than  half  of  those  injured  were  incapacitated 
for  further  duty.  Necrosis  and  elimination  of  sequestra,  continued  for  a  long  time, 
with  burrowing  of  pus  in  various  directions,  are  usually  the  most  troublesome  se- 
quences of  these  injuries,  with  impairment  of  general  health.  Secondary  chest  com- 
plications, pysemia,  secondary  hcemorrhage,  erysipelas  and  tetanus,  are  the  most 
frequent  causes  of  death  mentioned  by  Dr.  Otis  in  the  cases  which  proved  fatal 
in  the  United  States. 

Fractures  of  the  bones  of  the  arm  and  forearm  are  well  known  to  be  very  much 
less  dangerous  than  like  injuries  in  the  corresponding  bones  of  the  lower  extremity. 
Unless  the  soft  tissues  and  bone  are  extremely  crushed  by  a  massive  projectile,  im- 
portant nerves  or  the  main  blood-vessels  seriously  damaged,  or  longitudinal  commi- 
nution exist  to  a  great  extent,  with  injury  to  a  neighbouring  joint,  or  the  patient's 
health  be  very  unfavourable,  there  is  always  good  ground  for  expecting  that  the  upper 
extremity  may  be  saved  after  a  gunshot  wound  in  any  part  of  it. 

It  does  not  follow,  however,  that  it  is  always  right  to  preserve  the  limb,  although 
the  power  to  do  so  may  exist ;  the  probable  state  of  the  limb,  and  its  utility  after  the 
wounds  become  healed,  must  always  be  taken  into  account  in  forming  a  decision  on  the 
subject.  Different  conclusions  will  probably  be  come  to  according  as  the  wounds  con- 
cerned affect  the  upper  arm  or  the  forearm,  although  the  wounds  may  be  similar  in 
other  respects.  The  History  of  the  Crimean  War  shows  that,  out  of  186  gunshot 
compound  fractures  of  the  humerus  among  officers  and  men,  all  cases  in  which 
important  nerves,  blood-vessels,  and  joints  were  involved  being  excluded,  75  only 
were  treated  without  amputation  or  resection,  or  40-3  per  cent. ;  of  71  similar  cases 
of  both  bones  of  the  forearm,  26  cases,  or  36  6  per  cent. ;  of  39  cases  of  the  radius  only, 
29,  or  74'3  per  cent.  ;  of  38  of  the  ulna  only,  31,  or  81'5  per  cent.  The  complica- 
tions or  conditions  which  led  to  so  considerable  a  proportion  being  subjected  to 
amputation  are  not  stated.  The  proportions  of  deaths  in  the  cases  in  which  conser- 
vative treatment  was  adopted  was  humerus,  21  "3  ;  radius  and  ulna,  7'7  ;  radius  only, 
103  ;  and  ulna  only,  6'4  per  cent.  Dr.  Ghenu's  returns  show  a  larger  percentage  of 
deaths  in  the  corresponding  cases  in  the  French  army  during  the  same  war.  Out  of 
311  cases  of  specified  gunshot  fracture  of  the  humerus  treated  without  amputation, 
86  died,  or  27"6  per  cent. ;  out  of  159  similar  cases  of  both  bones  of  the  forearm,  34 
died,  or  2b4  per  cent. ;  out  of  128  cases  of  the  radius  only,  27  died,  or  21  percent. ; 
outof  121  of  the  ulna  only,  16  died,  or  13-2  per  cent.    During  the  American  war  of 
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the  rebellion,  of  7,888  cases  of  shot  fractures  of  the  humerus,  the  results  of  which  were 
determined,  excluding  injuries  of  the  shoulder  and  elbow  joints,  2,960  were  treated 
without  amputation  or  excision,  or  375  per  cent.,  and  among  these  were  451  deaths, 
showing  a  mortality  of  15-3  per  cent.  ;  of  1,291  similar  cases  of  the  forearm  in  which 
both  bones  were  fractured,  323,  or  25  per  cent.,  were  treated  conservatively,  with  24 
deaths,  a  mortality  of  7 "4  per  cent. ;  of  1,440  cases  in  which  the  radius  only  was  frac- 
tured, 999,  or  69*4  per  cent.,  were  treated  conservatively,  with  50  deaths,  or  5  per  cent. ; 
of  1,568  cases  in  which  the  idna  only  was  fractured,  1,039,  or  66-3  per  cent.,  were 
treated  conservatively,  with  59  deaths  among  them,  or  a  mortality  of  5-6  per  cent. 

Laceration  of  the  soft  parts  of  the  most  extensive  character  of  the  upper  arm 
should  not  be  regarded  as  a  cause  for  sacrificing  the  limb  by  amputation,  if  the  nerves 
and  vessels  on  the  inner  aspect  have  escaped.  The  loss  of  muscle  may  be  so  great 
that  the  power  of  flexion  or  extension  of  the  forearm  upon  the  upper  arm  may  be 
destroyed,  or  some  of  the  muscular  movements  of  the  shoulder  may  be  lost ;  but  still,  if 
the  forearm  be  uninjured,  by  means  of  an  artificial  support,  the  use  of  the  hand  and 
fingers,  with  supination  and  pronation  of  the  hand,  will  remain  available.  A  connec- 
tion of  my  own,  then  a  young  officer,  had  so  much  of  the  muscles  on  the  front  and 
outer  side  of  the  humerus  carried  away  at  the  final  assault  of  Sebastopol,  in  1855,  that 
he  was  deprived  of  all  voluntary  power  of  lifting  and  bending  his  arm  at  the  elbow  ; 
but,  by  simply  supporting  the  forearm  by  means  of  a  narrow  ribbon  passed  round  the 
neck,  he  has  very  good  use  of  the  limb,  especially  of  the  hand,  and  has  efficiently  per- 
formed all  his  duties  as  an  officer  of  various  grades  since.  In  the  same  way  I  have 
seen  the  power  of  extending  the  forearm  on  the  arm  destroyed  by  loss  of  part 
of  the  triceps,  but  the  use  of  the  forearm  and  hand  retained.  Flesh  lacerations  of  the 
forearm  have  not  this  favourable  character,  but,  if  extensive,  usually  necessitate 
amputation  ;  for  it  is  seldom  that  a  hand  can  be  preserved  under  such  circumstances 
which  is  of  any  use  to  the  possessor,  and  if  not  of  use,  a  stiff  hand  is  an  encumbrance  and 
source  of  trouble.  The  loss  of  some  of  the  muscles  on  which  the  movements  of  the 
hand  and  fingers  depend,  the  fixation  of  tendons  by  adhesion  within  their  sheaths, 
the  agglutination  together  of  the  tendinous  sheaths  and  adjoining  structures,  the  loss 
of  power  from  cicatricial  contractions,  sufficiently  explain  the  unsatisfactory  results 
which  ensue,  so  far  as  the  after  usefulness  of  the  hand  and  fingers  is  concerned, 
when  the  parts  have  been  preserved  after  a  severely  lacerated  wound  of  the  forearm. 

It  is  often  a  very  difficult  matter  to  determine  the  amount  of  shattering  of  bone 
which  renders  amputation  preferable  to  conservative  treatment  in  wounds  of  the 
upper  extremity  in  which  conservation  is  not  manifestly  inadmissible.  The  deci- 
sion must  often  be  determined  in  military  practice  by  the  circumstances  in  which 
the  patients  are  placed,  and  the  surgeon,  in  judging  of  the  probable  influence  of  these 
circumstances  on  the  probable  ultimate  issue  of  a  case  under  any  particular  plan  of 
treatment,  must  also  take  into  account  the  physical  and  moral  constitution  of  his 
patient.  A  man  of  sound  constitution  and  cheerful  temperament  will  pass  through 
the  trials  and  exposures  to  which  he  may  be  subjected  while  suffering  from  a  severe 
gunshot  injury  with  comparative  impunity,  while  another  of  less  robust  frame  and 
despondent  disposition  would  quickly  sink  under  them.  It  is  not  to  be  forgotten 
that  in  all  cases  of  severe  gunshot  injury  of  one  of  the  long  bones  of  the  extremities, 
the  process  of  cure  is  usually  a  very  long  and  protracted  one  where  conservation  is 
followed,  and  that  the  perils  to  which  patients  undergoing  the  ordeal  are  exposed 
are  occasionally  so  great  as  to  place  their  lives  in  jeopardy. 

The  following  case  will  serve  as  an  instructive  illustration  of  these  remarks  : — 

On  April  13,1874,1  was  consulted  regarding  the  advisability  of  transferring  a  young 
officer,  Lieut.  S.,  set.  20  years,  who  had  been  wounded  in  the  arm  during  the  Ashanti  war,  from 
Southampton  to  his  home  for  treatment.  The  journey  would  have  been  one  only  of  about  three 
hours'  duration.  An  invalid  railway  carriage  was  in  waiting,  and  a  surgeon  had  come  to  accom- 
pany him.  After  examination  I  concluded  that  the  fatigue  and  consequent  exhaustion  would 
almost  certainly  cause  a  speedily  fatal  result,  and  in  this  belief  the  family  attendant  con- 
curred. The  contemplated  journey  was  therefore  abandoned,  and  the  patient,  who  was  ar 
this  time  lying  in  the  '  Victor  Emmanuel '  hospital  ship  in  the  Southampton  Water,  was  care- 
fully removed  to  Netley.  He  had  been  wounded  on  January  31,  1874,  in  the  right  arm 
during  the  Ashanti  war  by  a  projectile  which,  on  extraction,  proved  to  be  an  Enfield  ritie- 
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bullet.  It  had  entered  on  the  outer  aspect  of  the  lower  third  of  the  arm,  passed  upwards, 
breaking  up  the  humerus  in  its  passage,  and  lodged  beneath  the  skin  of  the  anterior  fold  of 
the  axilla.  Some  fragments  of  the  comminuted  bone  were  driven  toward  the  axilla  and 
under  the  pectoral  muscle.  Conservative  treatment  was  adopted.  The  '  long  and  perilous 
journey' to  the  coast  was  accomplished  without  any  accident.  On  February  15  he  was 
placed  on  board  the  hospital  ship.  The  discharge  of  foetid  pus  was  profuse  at  the  time,  and 
shortly  afterwards  severe  fever  appeared.  On  February  26  his  condition  was  reported  '  all 
but  hopeless,'  extreme  depression  and  delirium  being  the  two  most  prominent  symptoms.  On 
that  day  the  ship  left  the  coast  for  England.  During  the  voyage  he  continued  in  a  very 
critical  condition,  and,  notwithstanding  carbolic-acid  dressings,  the  discharge  was  profuse  and 
foetid.  On  one  occasion  a  slight  attack  of  diarrhoea  placed  him  '  in  a  condition  closely 
verging  on  collapse.'  Bed-sores  appeared  over  the  sacrum  and  right  elbow.  Pie  reached 
Portsmouth  on  April  10.  At  the  consultation  on  April  13  it  was  found  that  no  union  had 
taken  place  in  the  shattered  arm,  the  upper  half  of  which  felt  literally  like  a  'bag  of  bones,' 
and  the  soft  parts  in  the  neighbourhood  were  infiltrated  with  serum  and  pus.  No  power  of 
movement  of  the  forearm,  hand,  or  fingers  was  retained  by  the  patient.  The  elbow  was  en- 
larged, in  a  rectangular  position,  and  could  only  be  passively  flexed  or  extended  in  a  very 
limited  degree.  There  was  a  large  depot  of  pus  beneath  the  pectoral  muscle  up  to  the 
clavicle,  and  another  extending  behind  the  scapula  on  the  same  side.  Bed-sores,  unhealthy  in 
character,  existed  over  the  sacrum,  seventh  cervical  vertebra,  and  right  elbow.  The  patient 
was  extremely  emaciated,  very  prostrate,  his  feet  and  legs  cedematous,  and  he  was  suffering 
from  hectic.  Recovery  appeared  scarcely  possible.  He  was  carried  with  great  care  to 
the  Royal  Victoria  Hospital,  and  placed  in  an  elevated  and  airy  apartment.  Gradually, 
under  the  treatment  adopted,  and  most  assiduous  nursing,  he  gainedstrength,  and  his  wounds 
improved  in  appearance.  The  daily  dressings  occupied  a  large  amount  of  time,  morning  and 
evening,  on  the  part  of  Surgeon-Major  Porter,  who  was  in  immediate  attendance  on  the  patient. 
On  May  1st,  a  patient  near  Lieut.  S.'s  room  became  the  subject  of  erysipelas,  and 
Mr.  S.  was  removed  and  placed  under  canvas  in  the  hospital  grounds.  The  gain  of  strength 
was  now  more  speedy.  Sequestra  were  removed  from  time  to  time  by  suitable  incisions. 
On  June  17  symptoms  appeared  which  proved  to  be  premonitory  of  an  attack  of  erysipelas. 
The  attack  was  severe  ;  the  erysipelatous  inflammation,  commencing  at  the  right  humeral 
region,  invaded  in  one  direction  the  upper  part  of  the  back  as  far  as  the  left  side,  and  passed 
downwards  along  the  right  forearm  to  the  hand.  The  attack  was  recovered  from,  and  by 
August  2  the  patient  was  able  to  walk  a  little.  There  was  now  some  consolidation  of  the 
fractured  humerus,  and  some  regain  of  power  of  movement  in  the  hand  and  fingers.  By 
October  26  the  arm  could  be  raised  without  any  loss  of  continuity  in  the  humerus  being 
apparent.  The  case  now  progressed  favourably,  but  with  occasional  interruptions  from  the 
formation  of  fresh  abscesses,  a  large  one  beneath  the  pectoral  muscle  causing  much  and  pro- 
longed trouble,  connected  with  the  elimination  of  sequestra.  On  July  8,  1875,  the  patient 
left  Netley.  The  arm  was  then  firmly  consolidated,  a  new  humerus  having  been  practically 
formed,  but  there  were  still  six  sinuses  open  in  the  upper  third  of  the  arm,  and  some  sequestra 
with  firm  connections  still  locked  up  in  the  shell  of  new  bone.  The  general  strength  and 
health  were  now  fully  recovered.  On  August  3,  1876,  Lieut.  S.  wrote  that  four  sinuses  were 
still  open,  that  various  sequestra  had  been  removed,  but  that  others  could  still  be  felt,  though 
too  firm  to  justify  removal.  Increased  use  of  the  hand  and  fingers  had  been  gained,  but 
power  of  pronation  and  supination  was  altogether  absent,  and  other  movements  of  the  arm 
very  imperfect ;  still  he  regarded  it  as  '  a  deal  better  than  none.'  On  the  15th  of  the  following 
month  the  arm  was  re-broken,  'snapped  across'  by  a  sudden  violent  jerk  of  the  rein  while 
Lieut.  S.  was  taking  a  leap  on  horseback.  Union  was  re-established  in  about  the  usual  time 
without  any  difficulty.  Subsequently  sequestra  were  thrown  off  from  time  to  time,  and  the 
last  sinus  only  became  closed  in  Mayr,  1881.  At  the  present  time,  December,  1881,  according 
to  a  medical  report,  the  arm  remains  weak  and  many  of  its  movements  are  very  imperfectly 
performed.  The  power  of  raising  the  arm  from  the  side  is  limited  by  pectoral  and  scapular 
adhesions  ;  the  wrist  drops,  and  cannot  be  extended  without  support ;  the  fingers  and  thumb 
are  flexed  toward  the  palm  of  the  hand,  and  cannot  be  voluntarily  extended  ;  supination  of 
the  forearm  is  only  practicable  to  half  the  normal  extent ;  but  flexion  of  the  forearm  upon 
the  upper  arm  is  complete,  and  articles  of  small  size  can  be  clutched  by  the  fingers,  so  that 
the  limb  becomes  serviceable  in  many  ways. 

On  reflecting  upon  the  foregoing  case,  although  its  issue  may  be  regarded  as  on 
the  whole  successful,  the  arm  having  been  preserved  and  constitutional  strength 
fully  restored,  the  question  must  arise  whether  in  a  similar  case  and  under  similar 
circumstances,  the  same  conservative  treatment  ought  to  be  followed.  I  believe 
rather  that  primary  amputation  would  be  the  wisest  proceeding  to  adopt.  The  life 
of  the  patient  whose  history  has  been  narrated  was  threatened  daring  a  long  period 
of  the  early  treatment  and  sevei'al  times  was  in  the  extreme  of  peril.  His  life, 
indeed,  was  only  saved  by  such  surgical  care  and  attention,  close  nursing,  and  with 
such  an  expenditure  of  time,  as  can  rarely  be  commanded  under  the  ordinary  cir- 
cumstances of  military  service.    If  a  number  of  soldiers,  each  labouring  under  a 
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gunshot  wound  with  the  amount  of  shattering  of  bone  and  dispersion  of  fragments 
that  existed  in  the  patient's  case  were  treated  on  the  expectant  plan,  there  can  be 
little  doubt  that  in  a  considerable  proportion  life  would  be  lost  from  the  constitu- 
tional effects  of  the  injury,  from  blood-poisoning,  or  from  the  effects  of  protracted 
suppuration,  while  in  others  the  arms  would  have  to  be  sacrificed  by  amputation  as 
a  secondary  operation.  Amputation  in  the  first  instance  would  prevent  loss  of  life — 
the  first  object  to  be  attained — in  many  of  the  cases,  and  an  immense  amount  of 
suffering  in  all. 

The  following  briefly  indicates  the  course  to  be  followed  in  gunshot  fractures  of 
the  upper  extremity  when  the  general  circumstances  are  such  as  to  admit  of  the 
adoption  of  conservative  treatment.  An  exploration  under  antiseptic  precautions  of 
the  wound  is  made,  by  the  finger  if  possible,  to  determine  the  course  the  projectile 
has  taken  and  the  mischief  it  has  done  in  its  passage,  and  to  discover  whether  the 
bullet  or  portions  of  it,  or  any  other  foreign  substance,  is  left  lying  in  it.  A  line 
drawn  between  the  wounds  of  entrance  and  exit,  if  there  be  two  such  openings,  will 
not  always  indicate  the  true  path  a  missile  has  followed,  and  if  there  be  only  one 
opening,  the  direction  it  has  taken  must  always  remain  uncertain  until  the  exploration 
is  made.  In  the  latter  case,  too,  the  exploration  is  made  for  the  purpose  of  learning 
where  the  projectile  is  lodged  with  a  view  to  its  extraction.  When  the  bone  is  found 
to  be  much  splintered,  the  condition  of  the  splinters  is  noted  :  whether  they  are 
completely  detached,  very  slightly  adherent,  or  whether  they  x'etain  extensive  con- 
nections with  the  periosteum.  Such  fragments  of  bone  as  are  quite  free  and  detached 
should  be  at  once  removed  ;  they  have  become  to  all  intents  and  purposes  foreign 
bodies,  and  like  all  such  substances  should  not  be  left  in  the  wound.  The  question 
should  be  considered  whether  the  fragments  retaining  connection  with  the  main 
portions  of  the  shaft  should  be  removed  or  not,  and  the  guide  to  a  decision  in  this 
question  should  be  the  probability  of  the  fragments  preserving  their  vitality  or  other- 
wise. If  the  splinters  are  only  held  by  such  very  slight  and  partial  periosteal  strips 
that  then-  mortification  may  be  regarded  as  a  certain  consequence  of  their  condition, 
they  had  better  be  removed  at  once ;  if  the  connections  are  sufficiently  extensive 
to  justify  a  hope  of  their  vitality  being  preserved,  they  should  not  be  removed,  but 
should  be  replaced  as  far  as  possible  in  their  normal  situation  as  regards  the 
shaft  from  which  they  have  been  torn  away,  in  the  hope  that  a  complete  reunion  may 
be  established.  If  any  sharp  points  of  bone  project,  they  may  \>e  carefully  sawn  or 
cut  off,  the  periosteum  being  preserved  if  possible,  and  the  most  dependent  opening, 
if  there  are  two  wounds,  being  extended  for  the  purpose  where  necessary.  The  limb, 
after  the  parts  concerned  have  been  thoroughly  cleansed  and  purified,  should  then  be 
supported  in  as  easy  a  posture  for  repose  and  quiet  as  practicable — on  one  of 
Stromeyer's  cushions  if  it  be  the  humerus  which  is  fractured,  or  in  any  other  way 
that  may  be  most  appropriate  for  the  purpose,  according  to  the  site  and  nature  of  the 
injury — suitable  dressings  and  splints  should  be  applied,  and  the  same  careful  atten- 
tion given  to  secure  a  ready  and  full  escape  of  discharges,  and  to  assist  the  process 
of  union  in  good  position,  as  is  necessary  in  all  cases  of  compound  fracture  of  bone, 
from  whatever  cause  they  may  arise.    (See  Fracture.) 

If  the  bones  of  the  shoulder  or  elbow  joint  be  penetrated  and  broken  by  shot, 
and  the  condition  of  other  parts  admit  of  the  limb  being  preserved,  the  articulating 
surfaces  and  broken  portions  should  be  at  once  excised.  The  results  of  this  operation 
in  the  shoulder  and  elbow  joints  after  gunshot  wounds  have  been  exceedingly  satis- 
factory. Attention  was  first  directed  to  the  practice  of  resections  of  these  joints  on 
an  extensive  scale,  for  gunshot  injuries,  during  the  Schleswig-Holstein  campaigns, 
between  1848  and  1851  ;  and  Dr.  Esmarch  published  the  results  in  a  valuable  essay 
on  the  subject.  Of  19  patients  in  whom  the  shoulder-joint  was  resected,  a  more  or 
less  useful  arm  was  preserved  in  12,  and  7  died.  Complete  anchylosis  did  not  occur 
in  any  one  instance  ;  and  in  several  the  power  of  motion  became  so  great  as  to  enable 
the  men  to  perform  heavy  work.  Of  40  patients  for  whom  resection  of  the  elbow- 
joint  was  performed,  G  died,  32  recovered  with  a  more  or  less  useful  arm,  1  remained 
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unhealed  at  the  time  Dr.  Esmarch  wrote  (1851),  and  in  1  mortification  ensued,  and 
amputation  was  performed. 

The  recorded  cases  of  resection  of  joints  in  the  upper  extremity  during  the 
Crimean  war  are  comparatively  few  in  number,  but  the  results  of  the  operations 
were,  on  the  whole,  satisfactory.  Surgeon-Major  Matthew  collected  13  resec- 
tions of  the  shoulder  which  were  performed  in  the  English  force  between  April  1, 
1855,  and  the  end  of  the  war,  and  among  these  there  was  only  1  death;  1  case  in 
which  not  only  the  head  of  the  humerus,  but  part  of  the  scapula  also,  was  excised, 
terminated  fatally.  Among  17  complete  elbow-joint  resections  during  the  same  period, 
there  were  3  deaths,  while  2  others  were  followed  by  amputation.  There  were 
3  partial  resections  at  the  elbow  followed  by  recovery,  in  one  of  the  internal  condyle 
of  the  humerus,  in  another  of  the  articular  ends  of  the  radius  and  ulna,  and  in  a 
third  of  the  head  of  the  radius  only.  The  returns  of  the  resections  in  the  French 
army  were  less  favourable.  Out  of  45  resections  of  the  shoulder  recorded  by  Dr. 
Chenu,  there  were  25  deaths  ;  of  4  resections  of  the  elbow,  all  died.  During  the  war 
of  1863  in  New  Zealand,  9  resections  of  the  shoulder-joint  and  1  of  the  elbow  were 
performed,  with  remarkably  successful  results.  No  death  occurred  among  them. 
Histories  of  these  cases,  and  careful  observations  on  the  condition  of  the  patients 
after  their  arrival  in  England  as  invalids,  from  nine  to  twelve  months  after  the  opera- 
tions had  been  performed,  were  published  in  the  '  Army  Medical  Reports,'  vol.  v. 
p.  558,  London,  1865  ;  and  vol.  vi.  p.  510,  London,  1866. 

A  vast  amount  of  experience  in  regard  to  resections  of  joints  of  the  upper  ex- 
tremity was  accumulated  during  the  war  of  the  rebellion  in  the  United  States.  Dr. 
Otis  has  tabulated  in  the  Surgical  History  of  the  War  885  resections  of  the  shoulder 
which  were  performed  in  the  Federal  hospitals.  The  facts  of  all  but  51  of  this 
number  had  been  determined  as  regards  the  stage  of  the  injury  when  the  operation 
was  performed,  and  of  all  but  9  as  regards  mortality.  Among  515  primary  resec- 
tions there  were  160  deaths,  or  31  per  cent.;  among  224  intermediary,  104  deaths, 
or  46-4  per  cent.  ;  and  among  92  secondary,  27  deaths,  or  29'3  per  cent.  The 
mortality  of  the  whole  determined  cases,  876,  with  305  deaths,  was  34"8  per 
cent.  The  mortality  in  cases  of  fracture  involving  the  shoulder -joint  in  which  opera- 
tive interference  was  not  undertaken  was  less  than  where  resections  were  performed. 
It  must  not  be  forgotten,  however,  that  only  the  slighter  cases  of  injury  would  be 
selected  for  expectant  treatment,  and  some  of  tbese  would  be  afterwards  subjected  to 
resection  or  amputation.  After  all,  the  future  results  of  the  two  modes  of  treatment 
must  be  taken  into  account.  In  such  cases  as  have  come  under  my  notice,  where  the 
shoulder-joint  was  penetrated,  and  the  upper  part  of  the  humerus  was  fractured, 
though  the  patient  might  recover  with  preservation  of  the  arm,  he  had  to  go  through 
an  ordeal  of  long-proti  acted  suffering  and  many  constitutional  risks,  and  in  the  end 
anchylosis  was  the  result,  with  a  limb  far  less  useful,  and  more  liable  to  accidental 
injuries,  than  others  in  which  resection  had  been  successfully  performed.  Dr.  Otis 
has  recorded  that,  of  505  cases  reported  to  the  Surgeon-General's  office  as  gunshot 
wounds  with  fracture  of  the  bones  composing  the  shoulder-joint,  treated  without 
resection,  1  ]  9  were  sent  to  their  regiments  for  duty,  247  were  discharged  for  disability, 
and  139  died.  The  mortality  in  these  cases  was  therefore  27 '5  per  cent,  as  compared 
with  34'8  per  cent,  in  the  cases  where  resection  was  performed. 

It  is  important  to  add  that  Dr.  Otis  has  remarked,  with  regard  to  the  cases  treated 
expectantly,  that  in  some  instances  the  precision  of  diagnosis  may  be  questioned,  and 
that  in  others,  such  incisions  and  extractions  of  sequestra  were  made  as  were  almost 
tantamount  to  excisions.    (Surgical  History,  vol.  ii.  p.  515.) 

Of  complete  or  partial  excisions  of  the  elbow-joint  for  shot  injury  during  the  war 
626  cases  are  tabulated.  The  facts  of  all  but  53  had  been  determined  as  regards 
the  time  when  the  operation  was  performed,  and  of  all  but  10  as  regards  mortality. 
Among  318  primary  resections,  there  were  68  deaths,  or  2U3  per  cent.  ;  among  196 
intermediary,  69  deaths,  or  35'2  per  cent.  ;  and  among  54  secondary,  5  deaths,  or  9"2 
per  cent.    The  mortality  among  all  the  determined  cases,  616,  with  146  deaths,  was 
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23-7  per  cent.  The  mere  figures  would  tend  to  show  a  great  preponderance  in  favour 
of  secondary  excisions,  but  I  cannot  believe  this  to  be  the  right  interpretation  of  them. 
Whenever  circumstances  are  sufficiently  favourable  for  the  performance  of  re- 
section and  necessary  subsequent  care  of  the  patient,  and  the  need  for  it  is  estab- 
lished, the  sooner  it  is  done  the  better  for  the  patient  in  all  respects  ;  but  if  for  any 
reason  it  cannot  be,  or  is  not,  performed  before  inflammatory  general  action  has  been 
excited  in  the  parts  surrounding  the  site  of  injury,  then  operative  interference  should 
be  delayed  till  active  inflammation  has  subsided  and  suppuration  become  fully  estab- 
lished. Dr.  Otis  remarks  in  his  concluding  observations  on  elbow  excisions  (Surgical 
History  of  the  War  of  the  rebellion,  part  ii.,  p.  905),  '  I  believe  that  the  evidence, 
when  fully  analysed,  will  demonstrate  that  this  resection  conforms  to  the  general 
rule  in  shot  fractures  of  the  limb,  that  primary  operations  are  preferable  whenever 
it  is  certain  that  recourse  must  eventually  be  had  to  operative  interference,'  and  this 
fully  accords  with  my  conviction  on  the  subject. 

Gunshot  wounds  of  the  wrist  are  usually  attended  with  so  much  injury  to  the 
tendons  and  other  structures  surrounding  the  joint,  that  it  is  scarcely  possible  in 
such  cases  for  the  operation  of  resection  to  produce  satisfactory  results.  Just  as 
extensive  laceration  of  the  forearm,  by  destroying  the  motor  power,  renders  the  hand 
useless,  so  does  destruction  of  the  flexor  or  extensor  tendons,  by  which  the  wrist 
joint  is  embraced,  effect  the  same  result.  If  the  bones  of  the  wrist-joint  should 
happen  to  be  comminuted  in  such  a  way  as  to  be  uncomplicated  by  any  lesion  of 
the  more  important  superficial  structures,  or  should  become  carious  from  the  effects 
of  gunshot  injury  under  similar  conditions,  there  is  no  reason  why  resection  of  the 
joint  should  not  be  as  successful  in  its  results  as  it  is  when  done  for  disease.  There 
is  no  record  of  a  resection  of  the  wrist  having  been  performed  during  the  Crimean 
war,  in  either  the  French  or  English  armies.  Resection  of  the  entire  joint  was 
reported  six  times  during  the  United  States'  war,  and  in  one  instance  the  result  is 
described  as  so  favourable  that  the  man  was '  able  to  perform  as  much  manual  labour 
at  his  occupation  of  farming  as  before  the  reception  of  the  wound,  although  there 
was  some  abduction  of  the  hand.'  The  nature  of  the  wound  is  not  mentioned,  beyond 
that  it  was  'a  shot  fracture  of  the  carpus  and  end  of  the  radius.'  In  the  remaining 
five  resections,  four  patients  recovered  with  the  hand  more  or  less  disabled,  and  one 
died  after  the  forearm  had  been  amputated. 

Resection  of  the  ends  of  the  radius  or  ulna,  or  of  both  bones,  or  of  one  or  more  of 
the  smaller  bones  entering  into  the  formation  of  the  wrist-joint  with  them,  has  been 
done  for  gunshot  injury  more  frequently  ;  but  in  the  majority  of  cases  even  these 
limited  operations  seem  to  have  been  followed  by  anchylosis,  deformity,  contraction 
and  rigidity  of  fingers,  and  in  the  end,  in  some  instances,  at  the  request  of  the 
patients,  by  amputation.  These  partial  resections  have  been  more  frequently  done 
for  gunshot  injury  in  the  United  States  than  in  Europe.  Portions  of  the  carpus  and 
metacarpus  were  removed  by  excision  only  in  three  cases  during  the  Crimean  war  in 
the  British  army.  One  of  these  cases  was  followed  by  death  from  gangrene ;  the 
other  two  are  reported,  in  the  History  of  the  War,  to  have  made  good  recoveries, 
though  invalided  for  disability.  Only  one  partial  resection  of  the  wrist,  excision 
of  the  lower  fractured  end  of  the  radius,  is  mentioned  as  having  been  done  in  the 
Crimean  or  Italian  wars  on  the  French  side,  though  a  very  large  number  of  wounds 
and  amputations  at  the  joint  are  tabulated  in  the  histories  of  these  two  campaigns. 
Partial  excisions  and  removals  of  some  of  the  bones  forming  the  wrist-joint  were 
done  90  times  during  the  United  States'  war.  Of  these,  14  terminated  fatally,  or 
15-5  per  cent.,  and  76  recovered,  in  12  instances  with  amputation.  With  regard  to 
the  6  complete  and  90  partial  excisions  during  the  war,  excluding  those  which 
proved  fatal  or  were  followed  by  amputation,  Dr.  Otis,  the  historian  of  the  war, 
remarks  : — '  In  68  of  the  96  patients  whose  hands  were  preserved,  at  least  in  part, 
51  had  anchylosis  at  the  wrist,  5  mobility  with  deformity,  3  dangling  joints,  and  9 
are  reported  to  have  had  comparatively  useful  limbs.' 

Dr.  Gurlt,  in  his  comprehensive  work  on  'Joint  Resections  after  Gunshot 
Injuries'  ('Die  Gelenk-Resectionen  nach  Schussverletzungen,'  Berlin,  1879),  which 
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should  be  consulted  for  fall  information  on  the  subject,  has  collected  14  cases  of 
complete  resection  of  the  wrist,  and  28  partial  resections,  which  were  clone  among 
the  German  and  French  wounded  during  the  Franco-German  war  of  1870-71.  Of 
the  14  patients  in  whom  complete  resection  was  performed,  6  died,  or  42-8  per  cent., 
and  in  8  the  wounds  became  healed.  Of  the  28  with  partial  resection,  4  died,  or  1 4*3 
per  cent.,  and  in  24  the  wounds  were  healed.  Dr.  Gurlt  has  arrived  at  the  con- 
clusion that  among  these  cases  there  were  only  middling  satisfactory  l'esults  iu  three,  in 
which  the  hand  could  be  used  a  little.  The  fingers  rarely  remained  moveable,  and 
they  were  without  power.  As  a  rule,  stiffness  or  abnormal  direction  of  the  fingers 
added  to  the  uselessness  of  the  hand.  Three  cases  in  which  resection  of  the  wrist  has 
been  performed  for  caries  at  Netley  by  Lister's  method  have  given  such  extremely 
good  l'esults  that,  if  a  corresponding  condition  could  be  obtained  by  the  operation 
after  gunshot  injury,  no  doubt  could  be  entertained  of  its  immense  advantages.  Full 
reports  of  the  three  cases  referred  to  will  be  found  published  in  the  '  Army  Medical 
Reports,'  vol.  xii.,  1872,  p.  363  ;  vol.  xix.,  1879,  p.  198,  and  vol.  xx.,  1880,  p.  225. 
But  it  can  scarcely  happen  that  the  tendons  and  other  important  structures  around 
the  joint  can  be  in  the  same  perfect  condition  as  they  may  be  in,  notwithstanding 
the  bones  are  in  a  carious  condition.  Altogether  it  may  be  regarded  as  probable 
that  in  such  limited  gunshot  wounds  of  the  wrist  as  admit  of  the  whole  hand  being 
preserved  better  results  will  be  obtained,  as  a  general  rule,  by  simple  removal  of 
those  fragments  of  bone  which  are  already  entirely  detached,  treating  the  wounds  in 
accordance  with  ordinary  methods  with  a  view  to  repair,  and  only  removing  any 
other  portions  of  bone  that  may  have  been  injured  by  the  shot  after  they  have  become 
necrosed  and  naturally  detached  as  sequestra  ;  while  in  other  cases  immediate  ampu- 
tation of  all  those  parts  of  the  hand  and  fingers,  whether  the  whole  hand  or 
part,  to  which  the  injury  inflicted  by  the  shot  has  destroyed  all  reasonable  prospect 
of  restoring  functional  use,  will  not  only  lessen  the  risks  and  suffering  to  be  endured 
by  the  patients  concerned  during  the  time  of  treatment,  but  will  also  leave  them  in 
no  more  unfavourable  condition  than  if  complete  or  partial  resection  of  the  joint  had 
been  employed.  It  cannot  be  forgotten  that  a  stiff  or  dangling  hand  without  power 
in  the  thumb  or  fingers,  or  with  only  a  very  partial  degree  of  mobility  or  force  in 
them,  subject  to  pain  on  exposure  to  cold  or  slight  collisions,  is  a  constantly  trouble- 
some incumbrance ;  and  that  instances  of  remarkable  adroitness  and  efficiency 
acquired  by  patients  after  amputation  of  the  hand  with  the  aid  of  very  simple 
appliances,  not  to  mention  the  advantage  of  complete  freedom  from  pain,  are  very 
numerous. 

Partial  amputations  of  the  hand  and  fingers  occur  in  large  numbers  in  military 
practice  after  gunshot  injuries.  The  destruction  effected  by  bullets,  so  far  as  the 
bones  are  concerned,  in  a  considerable  proportion  of  cases  is  limited  to  one  or  two 
metacarpals  or  one  or  two  fingers,  and  no  parts  which  have  escaped  from  such  an 
amount  of  injury  as  must  inevitably  destroy  their  utility,  even  if  preserved,  should 
be  sacrificed  by  amputation.  The  preservation  of  a  thumb  and  finger,  or  even  of 
one  digit  only,  with  functional  power,  is  a  most  important  object  to  attain.  If  the 
injury  done  to  the  hand  or  wrist  be  extensive  and  general,  as  when  the  soft  parts, 
including  the  tendons,  are  torn  across  by  a  fragment  of  shell  either  on  the  dorsal  or 
palmar  aspect,  or  the  parts  are  smashed  by  a  heavy  projectile,  it  is  obvious  that  all 
means  of  rendering  the  hand  of  any  use  afterwards  are  destroyed,  and  amputation  of 
the  whole  member  is  the  only  proceeding  to  be  recommended.  While  inculcating 
the  general  maxim  to  preserve  as  much  of  the  hand  and  finger  as  possible  after  gun- 
shot injuries,  regard  should  be  always  had  to  the  probable  future  utility  of  the  parts 
saved,  and  especially  that  a  finger  is  not  preserved  which  not  only  does  not  afford  a 
reasonable  hope  of  being  itself  efficient,  but  is  likely  to  act  as  an  obstacle  to  the  free 
action  of  others,  the  mobile  power  of  which  has  not  been  interfered  with  by  the  shot. 
In  various  instances  of  invalids  at  Netley,  a  finger  contracted  or  rigid  in  con- 
sequence of  the  original  damage  sustained  by  it  has  been  amputated,  owing  to  the 
pain  or  restriction  caused  by  it  when  the  hand  has  been  used,  which  might  with  equal, 
or  perhaps  more,  advantage  have  been  removed  in  the  early  treatment  of  the  wound. 
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Lower  extremity. — Gunshot  wounds  of  the  lower  extremity  accompanied  with  frac- 
ture vary  much  more  greatly  in  the  gravity  of  their  results,  as  well  as  in  the  treatment 
to  be  adopted,  according  to  the  part  of  the  limb  injured,  than  happens  in  those  of  the 
upper  extremity.  As  a  general  rule  in  field-practice,  uncomplicated  fractures  of 
moderate  limits  below  the  knee,  from  riffe-balls,  shoidd  never  cause  primary  ampu- 
tation ;  while,  excepting  in  certain  special  cases,  in  fractures  above  the  knee,  ampu- 
tation has  been  held  by  the  majority  of  military  surgeons  to  be  a  necessary  measure. 
The  special  cases  are :  gunshot  fractures  of  the  upper  third  of  the  femur,  especially  if 
it  be  doubtful  whether  the  hip-joint  is  implicated  or  not ;  for  in  these  the  danger  to 
life  attending  amputation  is  so  very  great,  that  the  question  is  still  an  open  one, 
whether  the  safety  of  the  patient  is  best  consulted  by  excision  of  the  injured  portion 
of  the  femur,  by  removal  of  detached  fragments  and  trusting  to  natural  efforts  for 
union,  or  by  resorting  to  amputation.  The  decision  of  the  surgeon  must  generally 
rest  upon  the  extent  of  injury  to  the  surrounding  structures,  the  opportunities  for 
the  requisite  hospital  care  under  each  mode  of  treatment,  the  condition  of  the  patient, 
and  other  circumstances  of  each  individual  case.  If  the  femoral  artery  and  vein 
have  been  divided,  any  attempt  to  preserve  the  limb  will  certainly  prove  fatal. 

The  femur — the  earliest  formed,  the  longest,  most  powerful,  and  most  compact  in 
structure  of  all  the  long  bones  of  the  body — can  only  be  shattered  by  a  missile 
striking  it  with  immense  force.  But  this  amount  of  force  a  modern  rifle-bullet 
possesses  at  all  oi'dinary  distances,  and,  unfortunately,  in  almost  every  instance  of 
compound  fracture  of  the  femur  by  rifle  projectiles,  we  find  the  bone  not  merely 
broken,  but  extensively  comminuted  at  the  seat  of  fracture,  and  often  fissured  for 
long  distances  along  the  shaft.  When  a  patient  with  a  gunshot  fracture  of  the 
femur  comes  under  a  surgeon's  charge,  however  free  from  complications  and  however 
favourable  the  case  may  appear  to  be,  the  surgeon  knows  that  the  patient  will  be 
unavoidably  subjected  to  a  wide  variety  of  hazardous  circumstances  if  an  attempt  to 
conserve  the  injured  limb  be  determined  upon,  owing  to  the  prolonged  hospital  treat- 
ment which  is  absolutely  necessary  before  a  cure  can  be  completed.  The  treatment, 
too,  is  very  difficult ;  for  while,  on  the  one  hand,  the  most  perfect  rest,  and  as  un- 
interrupted an  apposition  of  the  broken  portions  of  bone  as  possible,  are  essential  for 
obtaining  reunion — on  the  other,  the  close  connection  of  the  broken  bone  with  the 
trunk,  and  consequently  the  liability  to  disturbance  in  all  movements  of  the  body, 
some  of  which  are  unavoidable,  with  the  necessity  for  the  daily  removal  of  the 
profuse  discharges  which  often  follow  these  wounds,  act  as  constantly  recurring 
impediments  to  procuiing  the  quiet  which  is  so  essential. 

A  considerable  amount  of  attention  was  specially  directed  to  the  question  of 
the  proper  treatment  of  gunshot  fractures  of  the  femur  during  the  Crimean  war. 
Before  the  war  commenced  expectations  were  generally  held  that  the  advanced 
experience  which  had  been  gained  in  conservative  surgery  would  lead  to  many  of 
these  cases  of  injury  terminating  favourably  with  preservation  of  the  limb,  which 
previously  would  have  been  subjected  to  amputation.  Towards  the  latter  part  of 
the  campaign,  all  the  circumstances  of  the  patients  were  as  favourable  for  testing 
this  practice  as  they  have  been  in  the  various  revolutionary  engagements  in  Paris. 
They  had  equally  the  advantages  of  immediate  attention,  there  were  the  same  oppor- 
tunities of  rest  and  immobilisation  of  the  fractured  bone,  and  all  the  appliances 
of  the  best  hospitals  were  close  at  hand.  Yet  it  is  shown  in  the  Surgical  History 
of  the  Wai-,  that  during  this  period  only  14  out  of  174  cases  of  compound  fracture 
of  the  femur  among  the  men,  and  5  out  of  20  among  the  officers,  or  less  than  10  per 
cent,  in  all,  recovered  with  their  limbs  retained,  or,  in  other  words,  without  amputa- 
tion having  been  performed ;  that  those  selected  for  the  attempt  to  preserve  the 
limb  weie  patients  where  the  amount  of  injury  done  to  the  bone  and  soft  parts  was 
comparatively  small ;  and  that  where  recovery  ensued,  it  always  proved  tedious,  and 
the  risks  during  the  long  course  of  treatment  numerous  and  grave.  Of  the  whole 
194  cases  just  mentioned,  conservative  practice  was  followed  throughout  the  whole 
treatment  in  88  of  the  number,  and  among  these  there  were  69  deaths,  so  that 
the  ratio  of  mortality  among  them  was  82  per  cent.    Amputation  of  the  thigh,  how- 
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ever,  was  a  very  fatal  operation.  The  number  tabulated  among  the  officers  and  men 
in  the  same  period  of  the  war  was  176,  and  of  this  number  115  died  and  61  recovered. 
The  ratio  of  mortality  was  therefore  65'3  per  cent.  ;  of  recoveries,  34-6  per  cent. 
But  these  percentages  include  those  cases  in  which  previous  attempts  to  preserve  the 
limbs  had  failed,  and,  death  threatening,  amputation  was  resorted  to  as  a  last  chance 
of  saving  the  patient.  The  number  of  deaths  under  conservative  treatment  was  thus 
lessened,  while  the  number  under  the  head  of  amputation  was  increased.  Two 
deaths  are  also  attributed  in  the  History  to  disease  independent  of  the  amputation 
itself.  On  account  of  this  comparatively  indifferent  success  of  amputation,  resection 
of  portions  of  the  shaft  of  the  femur  was  sometimes  practised  ;  but  the  records  state 
that  no  success  attended  the  experiment,  every  case,  without  exception,  having 
proved  fatal.  It  is  therefore  seen  from  the  English  experience  in  the  Crimea  that 
the  hopes  of  superior  results  from  conservative  practice  becoming  the  means  of 
preventing  amputation  in  gunshot  fractures  of  the  femur  were  not  realised.  Of  the 
three  modes  of  treatment,  resection  was  the  most  fatal :  conservative  treatment  stood 
next ;  amputation  was  the  least  fatal.  The  first  was  uniformly  fatal ;  the  deaths 
among  cases  treated  without  amputation  were  82  per  cent.  ;  the  deaths  among  those 
treated  by  amputation,  almost  hopeless  cases  included,  were  65"3  per  cent. 

In  considering  the  results  of  gunshot  fractures  of  the  femur,  the  situation  of  the 
injury  is  a  matter  of  great  importance  as  regards  the  chances  of  recovery,  whether 
without  or  with  amputation.  In  the  '  Official  History  of  the  Crimean  Campaign  ' 
this  fact  is  shown  in  the  results  of  amputation,  but  the  distinction  has  not  been  re- 
corded in  the  table  of  recoveries  without  amputation.  Hence  no  exact  numerical 
comparison  can  be  drawn  between  the  results  of  amputation  and  conservative  practice 
in  the  three  main  divisions  of  the  thigh  on  this  occasion.  As  regards  amputation, 
officers  and  men  included,  there  were  44  in  the  upper  third  of  the  thigh,  with  38 
deaths,  or  86-3  per  cent. ;  67  in  the  middle  third,  with  40  deaths,  or  59-7  per  cent. ; 
65  in  the  lower  third,  with  37  deaths,  or  56"9  per  cent.  The  recoveries  after  ampu- 
tation in  the  upper  third  of  the  thigh  were  13  6  ;  in  the  middle  third,  403  ;  and  in 
the  lower  third  43  per  cent.  Dr.  Macleod,  in  his  valuable  '  Notes  on  the  War,'  has 
remarked  that  he  had  only  been  able  to  discover  three  cases  in  which  recovery 
followed  a  compound  fracture  in  the  upper  third  of  the  femur  without  amputation  ; 
one,  that  of  an  officer  of  the  17th  Regiment ;  the  second,  of  a  soldier  of  the  62nd  ; 
and  a  third,  of  a  soldier  whose  regiment  is  not  named.  A  case,  however,  was  under 
the  care  of  the  writer,  which  is  not  included  in  those  named  above,  and  which 
escaped  record  in  the  Official  History  of  the  War;  and  one,  too,  judging  from  the 
results  described  in  Dr.  Macleod's  '  Notes,'  more  fortunate  in  its  issue  than  at  least 
two  of  the  number  he  mentions.  With  regard  to  the  first  patient,  Dr.  Macleod 
states  that  he  had  been  informed  '  that,  although  his  limb  was  in  a  very  good  condi- 
tion when  he  left  for  England,  the  trouble  it  has  since  given  him,  and  the  deformed 
condition  in  which  it  remains,  makes  it  by  no  means  an  agreeable  appendage ; ' 1  in 
the  second,  the  fracture  was  in  the  lower  part  of  the  upper  third,  and  the  injury  was 
comparatively  slight ;  in  the  third,  a  mass  of  callus  was  thrown  out  which  connected 
the  bone,  but  he  died  of  purulent  poisoning,  and  never  left  the  Crimea.  In  the  case 
which  was  under  the  writer's  care,  the  fracture  was  within  the  upper  third  ;  there  is 
ho  distortion,  and  shortening  only  of  1^  inches  :  the  officer  is  able  to  walk  or  ride 
without  any  inconvenience,  and  has  continued  on  active  employ  in  the  service  up  to 
the  present  date  (1882).  All  the  circumstances  were  most  favourable  for  recovery 
in  this  instance ;  and  a  consideration  of  these  on  the  one  hand,  and  the  experience  of 
the  unfavourable  results  of  amputation  in  this  region  on  the  other,  led  to  the  effort 
to  save  the  limb.    A  condensed  history  of  this  case  may  be  useful  : — 

Lieut.  D.  M.,  19th  Regt.,  set.  17,  of  sanguine  temperament,  healthy  frame,  was  brought 
up  to  camp  about  4  a.m.,  Sept.  9,  1855.  He  had  been  wounded  in  the  assault  upon  the 
Redan  in  the  upper  part  of  the  left  thigh,  and  had  been  lying  by  the  side  of  the  ditch  where 
he  fell  thirteen  hours.    Wheu  discovered,  he  was_  carried  carefully  in  a  soldier's  great-coat 

1  The  officer  referred  to  must  have  greatly  improved  after  Dr.  Macleod  wrote,  as  he 
served  for  some  time  afterwards  in  India. 
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as  far  as  the  opening  of  tbe  trenches,  and  thence  on  a  stretcher  to  camp.  lie  was  very  cold 
and  prostrate  on  his  arrival.  The  wound  in  his  left  thigh  had  been  caused  by  a  bullet-  which 
had  passed  out.  It  entered  posteriorly  at  the  fold  between  the  left  natis  and  thigh,  three 
inches  from  the  tuberosity  of  the  ischium :  passed  forwards  and  downwards,  and  made  its 
exit,  from  the  outer  and  anterior  aspect  of  the  thigh,  seven  inches  below  the  trochanter 
major.  The  femur  was  broken  in  the  Hue  of  passage  of  the  ball,  which,  from  entrance  to 
exit,  appeared  to  be  about  six  inches.  From  the  trochanter  major  to  the  seat  of  fracture 
was  four  inches  ;  to  the  external  condyle  on  the  same  side  was  15 J  inches.  The  amount  of 
comminution  appeared  slight,  but,  from  its  vicinity  to  the  joint,  the  great  swelling  about  the 
limb,  and  desire  to  avoid  local  disturbance  and  aggravating  pain,  the  precise  condition  of  the 
fracture  was  not  further  ascertained.  The  upper  fragment  projected  forwards,  but  any 
attempts  at  reduction  caused  great  suffering ;  and  some  restoratives  being  given,  wet  com- 
presses applied  to  the  thigh,  and  the  limb  secured  against  additional  movement,  tbe  patient 
was  left  to  rest.  At  a  consultation  the  following  morning,  from  the  patient's  age,  so  favour- 
able for  reparative  action,  his  very  healthy  constitution,  and  the  fact  that,  the  siege  being 
over,  full  attention  could  be  paid  to  the  case,  conservation  of  the  limb  was  settled  to  be 
attempted,  and  the  patient  was  therefore  treated  with  this  view.  In  addition  to  the  wound 
just  named,  he  had  received  an  extensive  contusion  of  the  right  side  and  thigh  by  the  fall  of 
some  heavy  substance  from  the  explosion  which  occurred  at  1  a.m.,  after  the  Russians  left 
the  Redan. 

The  cure  was  protracted  by  large  and  troublesome  bed-sores ;  and  attention  to  these, 
to  the  drainage  of  the  wound,  and  to  preserving  favourable  position,  occupied  much  time  and 
care  daily,  and  caused  many  changes  in  the  appliances  for  these  objects  to  be  from  time  to 
time  necessary.  On  November  4,  union  had  so  far  taken  place  that  he  was  able  to  raise  his 
body  from  the  knee  upwards  while  in  bed,  without  apparent  motion  at  the  seat  of  fracture. 
On  November  15,  in  consequence  of  the  great  explosion  at  the  right  siege-train,  he  had  to  be 
carried  to  another  division  of  the  camp  ;  this  was  effected  without  harm.  In  the  middle  of 
January  he  was  able  to  sit  in  a  chair  without  inconvenience  ;  and  on  February  22,  he  left 
the  Crimea  for  England,  being  able  to  walk  with  the  assistance  of  crutches.  Union  was  then 
firm  ;  but  a  slight  serous  oozing  continued  from  the  wound  of  exit,  and  there  was  much  stiff- 
ness of  the  ankle  and  knee  joints  from  the  long-continued  constrained  position  to  which  he 
had  been  subjected.  In  July,  11-S56,  after  his  arrival  in  Ireland,  indications  of  pus  collecting 
manifested  themselves  at  the  wound  of  exit;  and  Professor  Tufnell,  on  passing  a  bougie 
about  seven  inches  in  the  course  of  the  wound,  evacuated  a  small  abscess,  and  felt  a  piece  of 
bone  trying  to  make  its  way  to  the  surface.  This  was  subsequently  removed,  and,  under  Mr. 
Tufnell's  able  care,  the  stiffness  of  the  joints  gradually  disappeared,  and  he  was  enabled  to 
return  to  duty. 

An  interesting  point  in  this  case  illustrates  bow  long  a  time  splinters  of  bone  may 
remain  impacted  without  causing  irritation  and  then  procure  an  outlet.  The  opening 
through  which  the  sequestrum  just  noticed  came  away,  became  firmly  healed  after  its  re- 
moval. Although  the  officer  had  ever  since  been  actively  engaged  in  the  duties  of  a  cavalry 
regiment,  a  great  part  of  the  time  on  tropical  service,  no  symptom  whatever  occurred  to 
indicate  that  any  other  sequestrum  remained  until  nearly  ten  years  afterwards.  In  December, 
18(55,  the  injured  thigh  began  to  give  pain,  and  in  January,  I860,  the  original  wound  of  exit 
reopened.  About  a  fortnight  afterwards  a  necrosed  fragment  of  bone  came  away,  and  two 
days  afterwards  a  second.  The  larger  of  the  two  sequestra  was  a  full  inch  in  length,  the 
other  somewhat  smaller.  The  opening  then  quickly  closed,  and  the  limb  has  remained  sound 
and  free  from  any  tenderness  ever  since. 

Even  with  the  addition  of  the  case  just  described,  there  are  only  four  instances  in 
which  recovery  after  gunshot  fracture  in  the  upper  third  of  the  femur  is  known  to 
have  taken  place  under  conservative  treatment,  while  in  the  History  of  the  War  five 
cases  among  the  men  and  one  officer  appear  in  the  returns  as  having  been  invalided  to 
England  after  amputation  in  the  upper  third  of  the  thigh. 

In  the  French  army  during  the  Crimean  war  amputations  of  the  thigh  were 
terribly  unsuccessful.  In  1,666  amputations  of  the  thigh,  all  situations  being  taken 
together,  there  were  1,531  deaths,  a  mortality  of  9P89  per  cent.  This  lamentable 
and  unusual  ratio  of  fatality  has  been  shown  by  Dr.  Chenu,  the  historian  of  the  war, 
to  have  been  due  to  the  premature  and  bad  transport  of  the  patients  to  hospitals  in 
rear  of  the  army,  and  to  the  exceptionally  helpless  condition  in  which  the  French 
Army  Medical  Depai-tment  was  placed  as  regards  authority  and  all  the  hospital  means 
necessary  for  the  care  and  proper  treatment  of  their  patients.  Dr.  Chenu  had  not  the 
means  of  showing  the  mortality  of  the  1,666  amputations  according  to  the  site  of  the 
operation  ;  but,  with  regard  to  94  of  the  135  survivors,  he  has  recorded  that  24  had 
been  amputated  in  the  upper  third,  28  in  the  middle  third,  and  42  in  the  lower  third 
of  the  thigh. 

The  tabular  statement  of  the  results  of  fractures  of  the  thigh  treated  without 
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amputation  in  the  French  army  during  the  war  is  only  of  limited  value  for  purposes 
of  comparison  ;  for  no  means  are  afforded  of  separating  simple  and  partial  from 
complete  and  compound  fractures,  while  in  28  of  the  number  they  do  not  appear  to 
have  been  produced  by  gunshot.  Dr.  Chenu  has  mentioned,  in  his  general  observa- 
tion on  these  fractures  ('  Campagne  d'Orient,' p.  629)  that  among  the  154  survivors  he 
has  only  been  able  to  establish  as  a  fact  that  108  were  cases  of  compound  fracture  by 
gunshot.  But,  taking  all  the  fractures  as  they  stand  together  treated  conservatively, 
in  various  parts  of  the  thigh,  487  in  number,  333  ended  fatally,  while  154  patients 
survived.  This  gives  a  mortality  of  68-37  per  cent.,  a  death-rate  considerably  lower 
than  occurred  in  the  cases  where  amputation  was  performed,  but  still  exceeding 
greatly  the  fatality  of  the  corresponding  cases  in  the  British  army.  If  in  a  similar- 
manner  the  gunshot  simple  and  partial  fractures,  which  are  separately  tabulated  in 
the  British  returns,  were  added  to  the  compound  fractures,  the  mortality  would  be 
much  reduced  below  the  ratio  given  in  the  British  returns.  The  difference  in  the 
mortality  in  the  French  army  as  compared  with  that  in  the  British  was  probably  due 
to  the  same  causes  which  led  to  the  difference  when  amputation  was  performed. 

The  proportionate  mortality  after  gunshot  fractures  of  the  thigh,  whether 
treated  conservatively  or  by  amputation,  in  the  French  army  during  the  Italian  war 
of  1S59,  was  also  large,  though  by  no  means  so  large  as  during  the  Crimean  war. 
The  number  of  ampirtations  of  the  thigh,  all  parts  included,  recorded  by  Dr.  Chenu 
is  336  ;  the  deaths  257,  or  76-48  per  cent.  The  place  of  amputation  is  only  recorded 
in  less  than  half  the  number,  viz.  in  153 ;  and  as  the  results  do  not  accord  with  the 
general  rule  of  the  danger  of  amputations  of  the  thigh  diminishing  as  the  distance 
from  the  trunk  is  increased,  it  seems  probable  that  the  incompleteness  of  the  number 
has  led  to  the  discrepancy.  In  58  amputations  in  the  upper  third  of  the  thigh,  the 
deaths  were  49,  or  84*48  per  cent.  ;  in  52  middle  third,  42,  or  80*76  per  cent. ; 
in  43  lower  third,  36,  or  83-72  per  cent.  Among  319  fractures  treated  without 
amputation,  excluding  fractures  involving  the  hip-joint,  but  including  fractures  in 
the  trochanteric  region,  there  were  203  deaths,  or  a  mortality  of  63-63  percent.  The 
site  of  fracture  is  noted  in  .238  of  these  cases.  In  120  fractures  in  the  upper  third 
of  the  femur,  the  deaths  were  86,  or  71-66  per  cent.  ;  in  65  of  the  middle  third,  46,  or 
70'77  per  cent. ;  in  53  of  the  lower  third,  27,  or  50-94  per  cent.  The  general  result 
of  the  French  experience  during  the  Italian  war  is  that  more  lives  Avere  saved  in 
cases  of  gunshot  fracture  of  thigh  regarded  generally,  when  amputation  was  not  re- 
sorted to,  than  were  saved  when  amputation  of  the  thigh  was  practised. 

It  may  be  observed  that  in  gunshot  fractures  of  the  upper  third  of  the  thigh, 
when  amputation  was  performed,  the  deaths  were  84'48  per  cent.,  while  under  con- 
servative measures  they  were  71*66  per  cent.  The  difference  would  have  been  more 
striking  had  fractures  at  the  trochanter's  in  which  the  hip-joint  was  probably  opened 
been  excluded ;  for  the  number-  then  would  have  been  89  treated  conservatively,  with 
61  deaths,  or  a  reduced  mortality  of  68p6  per  cent.  Another  indication  afforded  by 
the  experience  of  this  war  seems  to  confirm  the  general  conviction  that,  at  least  in 
fractures  of  the  upper  third  of  the  femur,  conservative  treatment  is  a  safer  practice 
than  amputation,  whenever  the  circumstances  of  a  case  admit  of  its  adoption.  M. 
Jules  Roux,  of  Toulon,  published  a  list  of  twenty-one  soldiers  whom  he  had  examined 
after  their  return  from  Italy,  who  had  recovered  without  amputation  after  gunshot 
fractures  of  the  upper  third  of  the  femur.  Consolidation  of  the  fracture  had  taken 
place  in  all  of  them.  Dr.  Chenu  has  only  enumerated  nine  pensioners  who  had  under- 
gone amputation  in  the  upper  third  of  the  thigh.  There  may  have  been  others,  how- 
ever, who  escaped  notice,  though  successful  amputations  in  the  upper  third  were 
likely  to  attract  attention. 

A  similar  fact  is  noticeable  with  regard  to  the  invalided  soldiers  who  returned  to 
England  from  the  war  of  the  mutiny  in  India.  Six  men  reached  Chatham  who  had 
recovered  without  amputation  after  gunshot  fractures  in  the  trochanteric  region  and 
upper  third  of  the  femur  among  the  935  invalids  whose  wounds  have  been  recorded. 
These  cases  are  described  in  the  published  '  Army  Medical  Reports  '  for  1859  (see  pp. 
319-321).    In  4  instances  the  men  had  good  useful  limbs;  in  2,  the  recovery 
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was  not  complete  on  the  men  leaving  the  invalid  hospital  at  Fort  Pitt,  there  still 
being  some  sequestra  to  come  away  from  the  seat  of  injury.  Only  one  man  returned 
from  India  in  whom  amputation  in  the  upper  third  of  the  thigh  had  been  performed. 

50  far  as  these  data  go,  the  proportion  of  recoveries  after  gunshot  fractures  in  the 
upper  third  treated  conservatively  was  1  in  150  of  all  classes  of  wounds,  while  that 
after  amputation  at  the  same  site  was  1  in  935.1 

The  experience  of  the  war  of  the  rebellion  in  the  United  States  as  regards  these 
injuries  is  not  yet  available  beyond  the  instalment  which  was  given  in  the  well- 
known  Circular  No.  6  of  the  year  1865.  So  far  as  this  went,  out  of  32  terminated 
cases  in  which  amputation  had  been  done  in  the  upper  third  of  the  femur  for  gun- 
shot fractures,  24  died,  or  75  per  cent. ;  while,  out  of  330  cases  in  which  conservation 
was  practised,  93  recovered  and  237  died,  a  mortality  rate  of  71-81  per  cent.,  or  a 
trifle  more  than  3  per  cent,  in  favour  of  conservative  measures.  The  various  figures 
quoted  above,  and  nearly  all  the  available  means  of  comparison  in  military  practice, 
tend  to  confirm  the  propriety  of  the  practice  of  conservation  in  preference  to  amputa- 
tion, for  uncomplicated  gunshot  fractures  of  the  upper  third  of  the  femur. 

With  regard  to  gunshot  fractures  in  the  middle  and  lower  thirds  of  the  femur, 
there  is  no  question  that  when  the  shaft  is  extensively  broken  up  and  split,  when 
detached  fragments  are  widely  scattered  and  forcibly  driven  into  the  soft  tissues,  or 
when  the  clefts  extend  through  the  condyles  and  open  the  knee-joint,  that  amputa- 
tion is  imperatively  demanded  ;  but,  even  as  regards  limited  and  less  grave  gunshot 
fractures  in  these  situations,  the  experience  of  the  English  surgeons  who  were  engaged 
in  the  Crimean  war,  and  apparently  of  the  surgeons  engaged  in  the  later  war  in  the 
United  States  also,  has  tended  to  confirm  the  doctrine  of  the  older  military  surgeons, 
that  many  lives  are  lost  by  trying  to  save  limbs  after  gunshot  wounds  in  these  situa- 
tions. For  while  a  less  mortality  occurred  when  conservation  was  practised  in  the 
upper  third  of  the  thigh,  when  fractures  of  all  parts  of  the  thigh  were  taken  together, 
the  mortality  was  greatest  when  conservative  measures  were  followed.  Thus,  among 
1,939  cases,  the  results  of  which  had  been  satisfactorily  determined,  of  gunshot 
fractures  of  the  femur,  or  wounds  of  the  knee-joint  for  which  amputation  of  the  thigh 
was  performed  in  a  certain  number,  in  1,117  of  these  cases  treated  conservatively  the 
mortality  was  71 '20  per  cent.;  in  822  treated  by  amputation,  the  mortality  was 
63-26  per  cent.  In  1,597  terminated  cases  of  amputation  of  the  thigh  from  all  kinds 
of  wounds,  568  recovered,  and  1,029  died,  or  6443  percent.  The  mortality  after 
amputation  of  the  thigh,  so  far  in  the  United  States,  closely  approximated  that  after 
thigh  amputations  among  the  British  forces  in  the  Crimea,  viz.,  64"43  as  compared 
with  65'3.  The  increased  mortality  under  conservative  measures  was  chiefly  in  frac- 
tures of  the  lower  third,  but  was  shown  in  the  middle  as  well  as  in  the  lower  third  of 
the  thigh.  Of  331  gunshot  fractures  in  the  middle  third,  under  conservation,  106 
recovered,  while  132  died,  or  55*46  per  cent.;  under  amputation  42  recovered,  while 

51  died,  or  54'83  per  cent.  Of  416  in  the  lower  third,  under  conservation,  72 
recovered,  while  101,  or  58-38  per  cent.,  died  ;  under  amputation,  131  recovered,  while 
112,  or  46-09  per  cent.,  died.  The  results  so  far  accumulated,  while  indicating  the 
propriety  of  practising  conservation  in  gunshot  fractures  of  the  upper  third,  on  the 
other  hand,  inculcate  amputation  to  be  the  safest  practice  in  gunshot  fractures  of  the 
middle  and  lower  thirds  of  the  femur. 

Military  surgeons  await  with  great  interest  the  full  report  on  gunshot  wounds  of 
the  lower  extremity  and  their  treatment  during  the  United  States'  war ;  for,  seeing  the 
vast  numbers  in  which  these  injuries  occurred,  and  the  careful  manner  in  which  the 
lessons  taught  by  them  have  been  studied  by  the  most  competent  observers,  it  is 
believed  it  will  throw  much  further  light  on  this  important  subject.  Happily  the 
report,  it  has  been  announced,  was  completed  by  Dr.  Otis,  the  historian  of  the  war, 
before  his  untimely  death  occurred,  and  will  appear  when  the  third  part  of  the 
Surgical  History  is  published.  In  the  meantime  surgeons  who  have  the  responsi- 
bility of  treating  these  hazardous  wounds  will  do  well  not  only  to  bear  in  mind  the 

1  For  a  tabular  return  of  these  935  invalids,  see  Army  Medical  Reports  for  1862,  vol.  iv. 
London,  1804,  p.  4G3. 
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knowledge  already  acquired  regarding  the  results  of  the  different  modes  of  their 
treatment,  but  also  to  weigh  carefully  in  the  case  of  each  particular  patient  all  the 
special  features  of  the  injury  to  which  he  has  been  subjected,  and  also  the  circum- 
stances under  which  its  treatment,  whatever  plan  be  adopted,  will  have  to  be  carried 
out.  A  patient  with  a  gunshot  fracture  of  the  thigh,  of  a  character  to  give  the  most 
reasonable  prospect  of  repair  under  conservative  treatment,  in  a  well-appointed 
hospital  where  he  can  remain  all  the  time  needful,  having  the  advantage  of  repose, 
of  one  and  the  same  experienced  surgeon,  of  the  cire  of  the  same  skilled  attendants, 
and  appropriate  diet,  has  every  chance  of  recovery  ;  the  same  patient  with  the  same 
injury  would  have  but  a  poor  chance  of  recovery  under  conservative  treatment  if  he 
should  have  to  be  subjected  at  intervals  to  transport  from  one  hospital  to  another 
varying  in  their  hygienic  conditions,  their  surgical  and  medical  resources,  and  with 
repeated  changes  of  surgeons  and  attendants.  But  these  latter  are  occurrences  which 
are  rather  the  rule  than  the  exception  in  time  of  war.  The  improved  methods  of 
antiseptic  treatment  will  perhaps  have  a  modifying  influence  on  the  rules  of  practice 
by  which  surgeons  have  been  hitherto  guided  in  these  severe  wounds.  Dr.  Reyher, 
however,  has  published  an  account  of  three  cases  of  gunshot  fracture  of  the  thigh, 
in  which  he  carried  out  primary  antiseptic  treatment  in  its  integrity,  but  all  termi- 
nated fatally,  and  he  has  declared  these  fractures  appeared  so  intractable  under  anti- 
septic treatment  that  he  was  led  to  despair  of  them.1 

Amputation  at  the  hip-joint  proved  fatal  in  all  instances  during  the  Crimean 
war.  Twenty  fatal  cases  are  recorded  in  the  French,  14  in  the  British,  8  in  the 
Russian,  and  2  in  the  Sardinian,  armies.  The  two  patients  who  survived  the  longest 
in  the  English  army  were  operated  on  by  Mr.  Alexander,  afterwards  Director- 
General  of  the  Army  Medical  Department,  at  the  Alma  :  one,  a  soldier  of  the  33rd 
Regiment,  died  at  Scutari  three  weeks  after  the  operation  ;  the  second,  a  Russian, 
died  on  the  thirtieth  day  after,  from  'extensive  sloughing  and  great  debility.'2  M. 
Legouest,  of  the  French  army,  performed  amputation  at  the  hip-joint  in  the  case  of  a 
Russian  prisoner  wounded  at  the  Alma,  and  the  patient  nearly  recovered.  He  died 
the  fourth  month  after  the  amputation,  and  then  from  the  effects  of  a  fall.  He  was 
at  the  time  able  to  walk  about  on  crutches.  When  he  fell,  he  hurt  the  stump  and 
caused  it  to  bleed.  Inflammation  and  renewed  haemorrhage  succeeded  this  injury, 
persistent  diarrhoea  supervened,  and  he  sank  exhausted.  During  the  late  war  in  the 
United  States  there  occurred  62  authenticated  hip-joint  amputations,  40  in  the 
United  States'  armies,  and  22  in  the  Confederate  armies.  These  have  been  divided 
in  the  history  given  of  them  into  four  categories  :  primary  operations,  on  the  field 
itself  or  within  24  hours  of  the  wound ;  intermediate,  from  1  to  28  days  after  ; 
secondary,  at  various  dates,  but  all  subsequent  to  28  days ;  and  re-amputations,  or 
cases  in  which  there  had  been  a  previous  amputation  farther  away  from  the  trunk.3 
Dr.  Otis  has  collected  from  all  other  sources  121  recorded  instances  of  amputation  at 
the  hip-joint  for  gunshot  injuries,  making,  with  the  62  American  cases,  a  total  of  183 
operations,  being  all  that  were  known  of  up  to  1869.  Of  this  number,  79  were 
primary  operations,  with  only  1  recovery,  or  a  mortality  of  98*68  per  cent. ;  76 
intermediate,  with  6  recoveries,  a  mortality  of  92*10  per  cent.  ;  20  secondary,  with 
7  recoveries,  a  mortality  of  65  per  cent.  ;  and  8  were  re-amputations,  with  4 
recoveries,  a  mortality  of  50  per  cent.    Regarding  all  the  183  hip-joint  amputa- 

1  Die  antiseptische  Wundbeliandlung  in  der  Kriegschirurgie,  Leipzig,  1878,  pp.  43-44. 

2  In  the  Surgical  History  of  this  war,  this  statement,  which  was  quoted  by  the  late  Mr. 
Guthrie,  in  the  addenda  to  his  Commentaries,  is  said  to  he  a  mistake,  on  account  of  the 
absence  (not  to  be  wondered  at,  amid  the  confusion  of  that  period)  of  official  records  on  the 
subject.  Special  reports  ou  these  cases  were  obtained  at  the  time  from  Scutari,  and  were 
shown  to  the  writer  by  Director-General  Alexander  shortly  before  his  decease. 

3  Circular  No.  7,  W.  D.,  Surgeon-General's  office,  Washington,  July  1,  1867.  '  A 
Report  on  Amputations  at  the  Hip-joint  in  Military  Surgery,'  by  G.  A.  Otis,  Assistant- 
Surgeon  and  Brevet  Lieutenant-Oolonel,  U.S.  Army,  and  also  Circular  No.  2,  W.  D.,  Surg.- 
GeneraFs  office,  Washington,  Jan.  2,  1869,  being  a  ' Report  on  Excisions  of  the  Head  of  the 
Femur  for  Gunshot  Injury.'  These  two  valuable  reports  contain  very  complete  historical 
summaries  on  the  subiects  mentioned,  as  well  as  detailed  accounts  of  many  of  the  individual 
cases  which  occurred  during  the  Unired  States'  war.  The  reports  are  beautifully  illustrated 
by  lithographic  and  chromo-lithographic  drawings. 
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tions  together,  with  18  recoveries,  the  mortality  ratio  is  90-9  per  cent.  The  accumu- 
lated experience  thus  gained  indicates  that  this  formidable  operation  should  be 
confined  to  cases  which  are  entirely  hopeless  without  it,  to  injuries  in  which  the 
damage  done  by  the  shot  is  not  confined  to  the  joint  or  upper  parts  of  the  femur  in 
which  resection  could  be  employed,  but  is  accompanied  with  laceration  of  the  femoral 
vessels  or  other  injuries  to  the  extremity  of  so  extensive  and  serious  a  nature  as  to 
leave  no  other  surgical  resource  available.  It  also  confirms  the  conclusion  which  had 
generally  been  arrived  at  before  the  United  States'  war  : — that  as  a  secondary  opera- 
tion, for  the  results  of  inflammatory  necrosis  after  gunshot  injuries  or  after  previous 
amputations  in  the  shaft,  the  risk  is  less  than  it  is  in  the  cases  where  it  is  performed 
as  a  primary  amputation. 

One  case  of  excision  of  the  head,  neck,  and  trochanters  of  the  femur  for  gunshot 
injury  in  the  Crimea  among  the  British  troops  recovered  ;  the  operation  does  not  ap- 
pear to  have  been  performed  in  any  of  the  other  armies  engaged  in  the  war.  Fatal 
results  followed  five  other  cases  in  which  similar  excisions  were  practised  by  English 
surgeons  during  the  war,  as  they  bad  in  all  previous  excisions  of  the  hip-joint  for  gun- 
shot injuries.  The  successful  operation  was  performed  by  Dr.  O'Leary,  in  a  young 
soldier  of  the  68th  Regiment,  who  received  a  shell  wound  over  the  great  trochanter 
of  the  left  femur,  in  August  1855.  On  introducing  the  finger,  a  complete  fracture  of 
the  bone  was  detected.  It  was  afterwards  found  that  the  line  of  separation  commenced 
just  below  the  head,  passed  obliquely  down  and  forwards  between  the  two  tro- 
chanters, and  terminated  about  an  inch  and  a  quarter  below  the  lesser  of  the  two 
processes.  The  excision  was  done  on  the  day  following  that  on  which  the  wound 
was  received.  The  upper  fragment,  and  the  portion  of  the  shaft  sawn  off  in  effecting 
the  excision,  were  deposited  in  the  Museum  of  the  Royal  College  of  Surgeons  of 
England.  There  was  very  little  constitutional  disturbance  while  he  was  under  hospital 
treatment  in  the  Crimea.  He  left  for  England  in  Jan.  1856,  and  was  admitted 
into  the  Brompton  Hospital,  Chatham,  as  an  invalid,  on  March  25, 1856.  The  external 
wound  was  then  quite  healed ;  the  man's  general  health  was  good;  he  could  swing 
the  limb  from  the  hip,  but  could  not  flex  it  toward  the  abdomen  nor  bend  the  knee ; 
he  could  rotate  it  to  a  limited  extent,  though  only  with  much  pain ;  and  the  limb, 
which  was  about  2^  inches  shorter  than  the  sound  one,  was  capable  of  bearing  some 
considerable  portion  of  the  weight  of  the  body  being  placed  upon  it.  When  dis- 
charged to  pension  on  May  22,  1856,  the  hope  was  entertained  that  the  extremity 
Avould  become  more  efficient  as  time  went  on,  but  this  hope  was  not  realised.  He 
never  regained  the  power  of  using  the  limb,  which  became  extremely  wasted,  but 
required  the  aid  of  a  crutch  or  stick  to  enable  him  to  walk  up  to  the  time  of  his  death. 
He  died  in  October  1865,  from  pulmonary  phthisis. 

The  experience  gained  regarding  excision  of  the  hip-joint  for  gunshot  wounds 
during  the  United  States'  war  was  large  and  important.  Dr.  Otis  has  collected  63 
cases  of  the  operation ;  48  in  the  Federal,  15  in  the  Confederate  service.  Of  the 
total  number  of  cases,  32  were  primary  operations,  with  2  recoveries,  or  a  mortality 
of  93'75  per  cent. ;  22  intermediate,  with  2  recoveries,  a  mortality  of  90-9  per  cent. ; 
and  9  secondary,  with  1  recovery,  or  a  mortality  of  88-8  per  cent.  One  of  the  re- 
coveries was  very  remarkable,  inasmuch  as  it  was  so  complete  that  the  man  was  able 
to  do  heavy  work  as  a  farm-labourer  without  the  aid  of  a  stick  or  any  artificial  sup- 
port. At  one  time  he  was  employed  as  a  bricklayer's  labourer  and  had  climbed  high 
ladders  with  a  heavy  hod  of  bricks  on  his  shoulders.  When  last  surgically  examined, 
in  Nov.  1878,  being  four'  years  and  a  half  after  his  wound  was  inflicted,  the  attach- 
ment of  the  femur  to  the  pelvis  was  strong;  the  cicatrices  were  firm  and  healthy;  all 
the  movements  of  the  thigh  were  performed  with  almost  as  much  facility  as  in  the 
normal  state,  rotation  even,  as  well  as  flexion,  extension,  adduction  and  abduction. 
He  still  worked  as  a  day  labourer.  The  history  of  the  case  and  its  treatment  is 
given  in  very  full  detail  in  '  Dr.  Otis's  Report  on  Excisions  of  the  Head  of  the  Femur 
for  Gunshot  Injury,'  1869,  p.  41,  and  is  accompanied  by  drawings  of  the  head  and 
comminuted  neck  and  trochanters  of  the  femur  which  were  excised,  as  well  as  of 
the  limb,  as  it  appealed  in  1867.    As  Dr.  Otis  remarks,  this  case  settles  the  question 
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of  the  alleged  inutility  of  the  lower  extremity  after  decapitation  of  the  head  of  the 
femur  from  injury.    The  results  among  the  Germans  who  recovered  from  the  opera- 
tion after  the  wars  of  1866  and  1870-71  were  also  very  favourable,  according  to  Dr. 
Gurlt,  as  regards  the  after-usefulness  of  the  limbs  preserved.    As  will  be  observed, 
the  general  mortality  was,  however,  very  large.    Among  the  total  63  cases  in  the 
United  States'  war,  only  five  survivals  are  recorded,  and  this  shows  a  fatality  of 
92-06  per  cent.    The  mortality  after  resections  of  the  hip-joint  for  gunshot  injuries 
during  the  subsequent  Franco-German  war  was  nearly  similar.    Professor  Gurlt 
has  collected  39  instances  of  the  operation  during  this  war,  with  36  deaths,  or  a 
mortality  of  92-30  per  cent.    Dr.  Gurlt  has  collected  137  cases  of  hip-joint  resections 
for  gunshot  injuries  from  all  wars,  up  to  1879,  with  16  recovei-ies ;  so  that  the 
general  mortality  among  them  has  been  88-23  per  cent.    There  is  ground  for  hoping 
that,  with  the  advantages  which  the  antiseptic  method  of  treatment  promises,  this 
excessive  mortality  will  become  reduced  in  future  warfare,  especially  when  the  cir- 
cumstances of  hospitalisation  of  the  patients  are  favourable.    Many  cases  occur 
among  injuries  from  gunshot  projectiles  in  which,  although  the  hip-joint  has  been 
penetrated  and  the  upper  portion  of  the  femur  has  been  comminuted,  with  lacera- 
tion of  the  soft  parts,  yet  the  principal  blood-vessels  and  nerves  have  escaped  injury, 
and  where,  therefore,  the  operation  of  excision  is  available.  In  such  cases  the  surgeon  has 
to  choose  between  excision,  the  more  formidable  and  often  speedily  fatal  operation  of 
amputation  at  the  hip,  or  abstaining  altogether  from  both  proceedings.    With  regard 
to  the  last  named,  or  expectant  method  of  treatment  in  these  injuries,  different 
opinions  are  held  by  very  able  and  experienced  surgeons.    Professor  Langenbeck 
has  deduced,  from  the  experience  of  the  Franco-German  war,  that  the  proportion 
of  recoveries  under  the  expectant  treatment  is  greater  than  when  resection  of 
the  joint  is  resorted  to,  and  still  more  than  when  amputation  is  performed,  and 
asserts  therefore,  except  the  destruction  is  so  great  as  to  render  disarticulation 
of  the  shattered  limb  inevitable,  that  all  such  cases  should  be  treated  on  the 
expectant  method,  instead  of  by  resection  or  amputation.    He  has  shown  that  all 
cases  of  amputation  at  the  hip-joint  proved  fatal  during  this  war;  that,  among  31 
cases  of  resection  of  the  hip,  with  4  recoveries,  the  mortality  was  83  percent. ;  while, 
among  88  cases  treated  on  the  expectant  plan,  there  were  25  recoveries,  or  a  reduced 
mortality  of  71  '6  per  cent.    If  Professor  Guilt's  ratio  of  mortality  of  92-3  per  cent, 
among  hip-joint  resections  in  the  same  war  be  accepted,  and  his  numbers  are  more 
recent  than  Langenbeck's,  the  contrast  in  favour  of  the  expectant  plan  of  treatment 
would  be  all  the  more  striking.    On  the  other  hand,  Dr.  Otis  has  collected  122  cases 
of  gunshot  wounds  of  the  hip-joint  which  were  treated  during  the  United  States'  war 
without  operative  interference,  and  I  may  quote  the  conclusion  he  has  come  to  re- 
garding them  (see  his  report,  before  quoted,  p.  117).   '  I  am  not  satisfied,'  he  writes, 
'  by  the  evidence  in  any  of  the  alleged  examples  of  recovery  without  operative  inter- 
ference, from  gunshot  wounds  involving  hip-joint,  reported  by  authors  or  recorded  in 
the  registers  of  this  office.    I  continue  to  share  in  the  convictions  of  Guthrie  and 
the  elder  authors  as  to  the  uniform  fatality  of  such  injuries  when  abandoned  to  the 
resources  of  nature.'  After  the  evidence,  however,  which  Professor  Langenbeck  has 
adduced  on  the  subject,  the  question  between  resection  and  expectant  treatment  must, 
I  think,  be  held  to  be  still  subjudice,  and  surgeons  must  wait  for  still  more  extended 
experience,  under  modern  improved  methods  of  treatment,  before  any  rule  can  be 
accepted  as  having  yet  been  established  on  this  grave  question. 

It  is  a  curious  fact,  from  an  historical  point  of  view,  that  Sir  Charles  Bell  proposed 
excision  of  the  upper  fragment  in  1818,  at  Brussels,  in  the  case  of  Francois  de  Gay, 
who  had  been  wounded  at  Waterloo,  and  on  whom  Mr.  Guthrie  successfully  practised 
amputation  at  the  hip-joint  on  the  nineteenth  day  after  the  injury.  The  reasons  for 
his  advice  are  preserved  in  some  manuscript  notes  made  about  the  time  of  the  oc- 
currence, in  a  diary  presented  to  the  Army  Medical  School  by  Lady  Bell,  his  widow. 
The  chief  points  are  the  following  : — '  My  proposal  is  to  extract  the  head  of  the  bone, 
and  do  no  more.  Mr.  Guthrie's  proposal  is  to  amputate  the  thigh  at  the  hip-joint. 
If  the  bone  be  taken  out,  there  is  a  great  cavity  and  suppuration  certainly  ;  but  by 
this  means  the  shock  and  violence  will  be  saved.  I  fear  the  shock  of  so  great  an 
Vol.  I.  0  0 
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FlG.  71.— Head,  Neck,  and  part  of 
Shaft  of  Femur,  forming  the  upper 
fragment  in  the  case  for  which  Mr. 
Guthrie  successfully  amputated  at 
the  hip-joint  after  the  battle  of 
Waterloo.1 


injury,  especially  as  now  the  wound  caunot  be  cut  off  (alluding  to  its  extent  and  sloughy 
condition)  and  its  injury  must  be  superadded  to  that  of  the  incisions.    The  man  will 

readily  allow  of  my  proposal,  but  not  of  G.'s. 
However,  next  day  he  said  he  would  consent. 
In  the  meantime  I  was  forced  home  by  busi- 
ness,' &c.  The  head,  fractured  neck,  and  por- 
tion of  shaft  of  the  femur  in  Guthrie's  case  is 
preserved  in  the  Museum  of  the  Army  Medical 
Department  at  Netley,  and  both  from  its 
intrinsic  interest,  and  because  it  almost  ex- 
actly corresponds  in  length  and  general  di- 
mensions with  the  upper  fragment  in  the 
Crimean  case  in  which  resection  was  success- 
fully performed,  a  drawing  of  it  is  appended. 
In  Mr.  Guthrie's  case  it  was  the  right  femur 
which  was  broken,  and  the  fracture  extended 
from  half  an  inch  below  the  head  of  the  bone 
downwards  and  inwards  in  such  a  way  that  the 
lesser  trochanter  remained  almost  entire  in  con- 
nection with  the  upper  fragment  and  also  a 
slight  portion  of  the  upper  part  of  the  great 
trochanter.  In  Mr.  0'  Leary's  case  it  was  the 
left  femur,  and  the  fracture  extended  from  half 
an  inch  below  the  head  downwards  and  out- 
wards, so  that  the  great  trochanter  remained 
connected  with  the  upper  fragment.  The  length 
from  the  summit  of  the  head  of  the  bone  to  the 
extreme  point  of  separation  from  the  shaft  was 
five  inches  and  a  half  in  Guthrie's  case ;  five 
inches  in  O'Leary's  case. 

Direct  gunshot  wounds  of  the  knee-joint 
are  of  the  most  hazardous  nature.  The  ad- 
mission of  air  by  a  tunnelled  and  contused 
track  into  so  large  and  convoluted  a  synovial  sac  as  that  which  lines  the  interior  of  this 
important  articulation,  and  the  subsequent  effects  of  the  inflammatory  action  induced 
by  the  injury,  constitute  their  chief  serious  features  when  simple  penetration  of  the 
joint  has  occurred.  But  penetration,  or  perforation,  by  a  bullet  rarely  occurs  with- 
out serious  concomitant  injury  to  the  cartilaginous  and  bony  structures  which  are 
comprised  in  this  complicated  articulation,  together  with  more  or  less  lodgment  of 
foreign  substances  or  of  detached  particles  of  bruised  and  torn  tissues  among  them. 
The  extent  of  the  mischief  to  the  bones  which  may  possibly  be  effected  by  a  small 
bullet  entering  the  knee-joint,  even  when  not  possessing  force  enough  to  pass  through 
the  articulation,  is  well  shown  in  the  following  drawing  (fig.  72). 

Although  this  joint  is  so  little  covered  by  soft  tissues,  and  consequently  so  easy 
of  access,  mistakes  in  diagnosis  frequently  occur  in  wounds  of  it  by  small  projectiles, 
especially  when  the  injuries  have  not  been  critically  examined  shortly  after  their  in- 
fliction. Deflection  and  escape  of  bullets  after  coming  into  collision  with  some  of  the 
tendinous  expansions  and  fasciae,  and  powerful  ligaments  by  which  the  joint  is  pro- 
tected, especially  when  they  are  put  on  the  stretch  in  certain  positions  of  the  limb  ; 
circuitous  courses  pursued  by  them  ;  the  depth  to  which  a  narrow  bullet  may  pass 
in  certain  directions  without  opening  the  synovial  sac ;  escape  of  fluid  from  the 

1  Spec.  No.  2929,  in  the  Army  Medical  Museum,  at  Netley.  Spec.  No.  3731  is  a  fac-simile 
of  the  fragments  removed  by  resection  in  the  Crimea,  obtained  from  the  Museum  of  the  Royal 
College  of  Surgeons,  in  London.  A  detailed  report  of  Mr.  Guthrie's  case,  and  its  progress 
while  under  treatment  ,  together  with  drawings  of  the  hip  as  it  appeared  after  the  amputation 
wound  was  healed,  and  of  another  view  of  the  upper  fragment  of  bone  from  that  furnished 
in  the  text  above,  are  to  be  found  in  the  2nd  ed.  of  his  Treatise  on  Gunshot  Wounds,  London, 
1820,  p.  332,  &c. 
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bursa  between  the  anterior  surface  of  the  patella  and  fascia  lata,  and  from  that  beneath 
the  ligament  of  the  patella,  particularly  when  they  have  become  distended  from  the 
effects  of  injury  or  inflammation — have  often  led 

to  the  supposition  of  the  interior  of  the  joint  j?IG,  70. — Upper  end  of  Tibia,  and 
having  been  opened  when  no  penetration  has  actu- 
ally occurred,  There  is  abundant  evidence  that 
many  wounds  in  this  situation  are  styled  and 
placed  in  professional  returns  under  the  designa- 
tion of  '  wounds  of  the  knee-joint'  which  are  really 
'peri-articular  wounds.'  The  difference,  however, 
is  very  important.  In  other  cases,  the  joint  has 
been  presumed  to  have  escaped  penetration,  until 
the  symptoms  arising  shortly  afterwards  have 
exposed  the  error. 

The  proper  treatment  of  a  penetrating  gun- 
shot wound  of  the  knee-joint,  when  the  diagnosis 
has  been  satisfactorily  established,  is  generally  a 
matter  of  serious  doubt  and  difficulty.  The  neces- 
sity of  amputation,  when  the  articulating  ends  of 
either  or  of  both  of  the  two  principal  bones  are 
broken  in  addition  to  the  joint  being  penetrated, 
has  hitherto  been  generally  recognised  and  acted 
upon  in  field  practice.  But  the  high  ratio  of 
mortality  in  amputations  even  at  the  lower  third 
of  the  thigh  has  frequently  led  surgeons  to  re- 
sort to  other  modes  of  treatment. 

Expectant  treatment  has  hitherto  been  at- 
tended with  scarcely  any  success  in  the  treatment 
of  penetrating  wounds  of  the  knee-joint,  especially 
when  the  wounds  have  been  accompanied  with 
fracture  of  some  of  the  bones  composing  it.  The  Peninsular  surgeons  regarded  such 
injuries  as  inevitably  fatal  if  left  to  the  resources  of  nature.  I  do  not  think  any 
instance  occurred  during  the  Crimean  war  in  which  the  synovial  capsule  of  the  knee- 
joint  was  manifestly  penetrated,  and  the  patella  or  ends  of  the  femur  or  tibia 
fractured,  where  the  wounded  limb  and  life  of  the  patient  were  preserved.  Twenty- 
three  cases  of  penetrating  wounds  of  the  knee  joint  are  tabulated  in  the  History 
of  the  War  as  having  been  treated  conservatively,  and  of  this  number  13  are 
shown  to  have  been  subjected  to  subsequent  amputation  or  resection,  3  died, 
and  7  survived  to  be  invalided.  With  regard  to  the  last  named,  Surgeon-Major 
Matthew,  the  historian  of  the  war,  remarks,  '  In  none  of  the  recoveries  from  gun- 
shot wounds  of  this  joint  does  the  bone  within  the  capsule  appear  to  have  been  more 
than  grazed — not  fractured  ;  indeed,  small  fissures  into  the  joint  often  rendered 
secondary  amputation  necessary,  or  proved  directly  fatal.'  The  histories  of  three 
cases  of  penetrating  wounds  of  the  joint,  with  recovery,  are  given  in  detail,  but  in 
none  of  these  is  the  occurrence  of  fracture  and  communication  with  the  interior  of 
the  articulation  satisfactorily  established. 

Resection  has  been  tried,  but  the  mortality  which  has  followed  this  operation  in 
field  practice  has  been  very  large.  It  failed  in  the  only  case  in  which  it  was  per- 
forated in  the  Crimea,  as  it  had  previously  failed  in  1851  in  the  Schleswig-Holstein 
campaign.  Dr.  Neudorfer,  of  the  Austrian  army,  has  been  relatively  fortunate  with 
it,  for  he  resected  the  knee-joint  in  6  instances  during  the  Italian  war  of  1859,  for  gun- 
shot fractures  of  the  joint,  with  2  recoveries,  and  4  deaths,  and  twice  during  the  Danish 
war  of  1864,  with  1  death  and  1  recovery  ;  altogether  a  mortality  of  62*5  per  cent. 

The  complete  history  of  this  operation  and  its  results  during  the  United  States' 
war  have  not  yet  been  published.  In  the  preliminary  Circular  No.  6  of  1865,  the 
reports  of  1 1  cases  of  resection  of  the  knee-joint  were  published,  and  among  these  there 

1  Spec.  No.  1481,  in  the  Army  Medical  Museum,  at  Washington. 
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lower  extremity  of  Femur,  shat- 
tered by  a  bullet  which  has 
entered  the  joint,  and  become 
lodged  near  the  spinous  process 
of  the  articular  surface  of  the 
tibia.1 


564 


GUNSHOT  INJURIES. 


were  9  deaths  and  2  recoveries.  So  far  the  mortality  was  nearly  82  per  cent.  In 
one  of  the  recoveries,  2|  inches  of  the  femur,  the  patella,  and  articulating  surface 
of  the  tihia  were  removed  nearly  four  months  after  the  wound  was  inflicted.  Com 
plete  bony  anchylosis  resulted.  Eight  months  after  the  operation  the  patient  is 
described  as  being  '  able  to  walk  almost  as  well  as  ever.'  Dr.  Gurlt  has  collected 
reports  of  75  cases  from  the  Franco-German  war,  with  15  recoveries  among  them, 
showing  a  mortality  of  80  per  cent. ;  and  altogether  he  has  tabulated  146  instances 
in  which  resection  of  this  joint  has  been  done  for  gunshot  injury,  those  of  the 
Franco  German  war  being  included,  with  33  recoveries,  or  a  general  total  mortality 
of  77-08  per  cent. 

Freely  incising  the  joint  has  been  tried,  but  has  only  succeeded  in  rare  and  ex- 
ceptional cases.  One  case  treated  in  this  way  during  the  last  New  Zealand  war 
recovered.  A  musket-bullet  struck  the  soldier  at  the  upper  and  inner  edge  of  the 
right  patella,  and  lodged  in  the  condylar  portion  of  the  femur.  Owing  to  the  absence 
of  primary  indications  of  the  joint  having  been  penetrated,  expectant  treatment 
was  followed  ;  but  after  a  week  had  elapsed,  violent  inflammation  ensued,  the  joint 
became  enormously  swollen,  and  extensive  abscesses  formed  in  the  thigh  and  leg. 
There  were  delirium,  hectic,  and  such  debility  as  to  put  amputation  then  out  of  the 
question.  Dr.  Home,  now  Sir  A.  D.  Home,  in  writing  to  me  from  New  Zealand, 
in  October  1864,  regarding  this  case,  said,  'simply  as  a  routine  thing  I  laid  the  joint 
open,  and,  to  my  great  surprise,  the  man  has  recovered.'  The  man's  life  was  despaired 
of  for  many  weeks,  but  under  the  administration  of  large  doses  of  opium,  brandy  in 
considerable  quantities,  and  suitable  nutritious  diet,  eventually  bony  anchylosis  was 
established,  and  the  man  recovered  with  a  useful  limb.  Inspector-General  Mouat, 
in  referring  to  this  case  in  his '  Surgical  History  of  the  New  Zealand  War  '  (see '  Army 
Medical  Reports  for  1865,'  p.  510),  remarks  :  '  The  medical  officers  who  had  the 
treatment  of  the  case,  and  who  saw  it  brought  to  a  successful  issue  against  all  ap- 
parent rule,  were  those  on  whom  the  impression  was  made  the  strongest  that  in 
another  case,  precisely  similar,  the  thigh  ought  to  be  amputated  at  once.  The  ordeal 
through  which  the  man  passed  could  not  be  gone  through  by  many  men,  so  that  the 
impression  was  that  the  rule  of  amputating  in  all  cases  of  gunshot  wound  into  the 
knee-joint  holds  good.'  The  treatment  of  gunshot  wounds  of  the  knee-joint,  by  laying 
the  joint  freely  open  as  soon  as  suppm-ation  was  established,  appears  to  have  been 
tried  very  fairly  and  fully  during  the  United  States'  war.  So  far  as  an  official  re- 
port has  been  made  on  the  subject  in  the  Washington  circular  of  1865,  no  encou- 
ragement is  given  for  the  practice.  It  refers  to  six  fatal  cases  in  which  free  incisions 
had  been  made  into  the  articulation  after  gunshot  wounds,  and  mentions  that  the 
records  contain  a  score  of  similar  examples.  It  gives  no  instance  of  a  successful  issue. 
No  grounds  appear,  therefore,  for  recommending  the  treatment  of  gunshot  wounds  of 
the  knee-joint  by  incision  in  military  practice,  although  an  occasional  case  may  have 
recovered  under  the  treatment. 

Professor  von  Langenbeck,  in  a  lecture  which  he  delivered  on  August  2,  1868, 
at  the  Friedrich  Wilhelm  Institute,  Berlin,  on  'Shot  Fractures  of  Joints  and  their 
Treatment,'  very  strongly  advocated  conservative  treatment  as  the  most  advisable 
for  gunshot  wounds  of  the  knee-joint,  on  account  of  the  fatality  both  of  amputation 
and  resection  on  the  one  hand,  and  the  facility  of  applying  conservative  practice  on 
the  other  hand,  in  consequence  of  the  readiness  of  access  to  the  joint  from  its  shallow 
coverings,  and  the  possibility  of  rendering  it  quite  immovable.  There  is  hardly  a 
case,  he  asserted,  although  with  fractured  bone-ends,  that  may  not  be  cured  by  con- 
servative treatment.  Immediate  amputation,  or  resection,  he  reserves  for  cases 
where  fragments  of  bone  are  actually  severed,  or  where  shattering  of  the  bone-ends 
is  complicated  with  considerable  tearing  or  loss  of  soft  parts.  He  considers  it  of 
the  highest  importance  for  success  that  the  wounded  joint  should  not  be  interfered  j 
with  for  purposes  of  exploration,  but  should  be  rendered  immovable  by  rigid  plaster- 
of- Paiis  bandages  from  the  moment  of  injury  to  the  completion  of  cure.  Ice  over 
the  plaster  bandage  to  mitigate  the  pain,  control  bleeding,  and  reduce  inflammation, 
for  the  first  three  or  four  days ;  then  lint  dressings  dipped  in  solutions  of  perman- 
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ganate  of  potash,  or  carbolic  acid,  are  the  other  applications  recommended  by  him. 
Cupping  and  leeching  may  be  resorted  to  when  inflammation  runs  high,  and,  should 
suppuration  of  the  joint  take  place,  as  it  mostly  will,  small  openings  should  be  made, 
not  large  incisions,  to  allow  the  escape  of  the  pus.  Baron  Langenbeck  mentions  that, 
during  the  Bohemian  war  of  1866,  out  of  eighteen  cases  of  gunshot  wounds  of  the 
knee,  eleven  were  cured  by  conservative  treatment,  and  he  asserts  that  the  experi- 
ence of  that  war  has  shown  that  men  suffering  from  these  wounds  can  be  transported 
by  railway  with  proper  appliances  without  any  ill  results ;  indeed,  he  recommends 
that  all  men  suffering  from  gunshot  fractures  of  the  knee  that  are  destined  to  be 
treated  conservatively  should  be  transported  as  far  as  possible  after  great  battles,  to 
escape  from  the  emanations  of  the  battle-fields,  and  to  avoid  the  overcrowding  in 
neighbouring  villages. 

The  advisability  of  treating  gunshot  wounds  of  the  knee-joint  without  operative 
interference  has  been  greatly  strengthened  by  the  reported  results  of  the  application 
of  strict  antiseptic  treatment  to  these  injuries.  Dr.  Carl  Reyher,  consulting  surgeon 
with  the  Russian  army  in  the  Caucasus,  in  a  paper  on  '  Antiseptic  Treatment  of 
Wounds  in  Military  Surgery,' 1  published  by  him  in  1878,  has  given  a  table  of  eighty- 
one  gunshot  wounds  of  the  knee,  treated  without  amputation  being  resorted  to  in 
the  early  part  of  the  treatment,  which  shows  in  a  very  remarkable  way  the  influence 
of  the  use  of  Listerism  in  such  injuries.  Of  these  81  cases,  he  had  under  his  care  18 
that  were  treated  antiseptically  throughout,  from  the  beginning  to  the  close.  Among 
these  only  3  deaths  occurred,  while  the  remaining  15  fully  recovered.  Not  only  the 
wounded  limbs,  but  the  mobility  of  the  wounded  joints,  were  preserved  in  all  these 
15  cases.  In  40  cases,  which,  according  to  Dr.  Reyher's  description,  had  been  mani- 
pulated and  oper  ated  upon  in  opposition  to  antiseptic  principles  before  coming  under 
his  care,  the  deaths  amounted  to  34.  Six  patients,  therefore,  out  of  40  survived- 
In  5  of  these  instances  life  was  only  saved  after  amputation  of  the  wounded  limbs ; 
in  1  case  only  was  the  wounded  limb  preserved  as  well  as  life,  and  in  this  the 
mobility  of  the  joint  was  lost.  The  remaining  23  cases  were  treated  altogether 
without  antiseptic  precautions,  and  of  these  only  1  patient  siirvived.  Thus,  in  the 
cases  in  which  Listerism  was  practised  from  the  outset,  the  wound  openings  being 
merely  antiseptically  occluded  by  an  antiseptic  compress  until  the  arrival  of  the 
patients  at  the  field  hospital,  the  mortality  was  reduced  to  16  6  per  cent. ;  in  the 
cases  treated  partially  only  on  antiseptic  principles,  the  mortality  was  85  per  cent. ; 
in  the  23  cases  in  which  antiseptic  treatment  was  not  employed  at  all,  the  mortality 
was  95 -7  per  cent.  • 

From  all  the  experience  then  which  has  been  gained  regarding  gunshot  wounds 
in  which  the  knee-joint  has  been  opened,  especially  if  the  surfaces  of  the  bones  have 
escaped  damage,  as  may  occasionally  happen  with  modern  narrow  rifle-bullets,  and 
even  in  other  cases  where  one  of  the  bones  has  been  fissured,  or  partial  fracture  has 
occurred,  provided  early  immobilisation  of  the  injured  parts  can  be  secured,  anti- 
septic treatment  carried  out,  and  the  general  surroundings  are  sufficiently  hygienic, 
it  may  now  be  laid  down  as  a  rule  that  conservative  treatment  ought  to  be  adopted. 
When,  however,  the  circumstances  under  which  the  wounds  have  been  inflicted  are 
such  that  the  precautionary  measures  and  mode  of  treatment  mentioned  cannot  be 
put  into  practice,  when  the  patients  are  liable  to  be  moved  frequently  or  to  long 
distances  hurriedly,  and  without  adequate  protection,  or  when  the  joint  is  not  only 
penetrated,  but  the  surrounding  coverings  are  much  lacerated,  or  the  bones  are  com- 
minuted and  fragments  completely  detached,  the  sacrifice  of  the  limb  by  amputation 
above  the  joint  is  the  only  measure  calculated  to  afford  a  fair  promise  of  safety  of 
life  to  the  patient. 

Gunshot  fractures  of  the  leg,  when  the  comminution  is  not  very  extensive,  when 
neither  the  knee  nor  ankle  joint  is  opened  by  fissures  being  prolonged  into  it, 
and  the  soft  parts  are  not  widely  damaged,  admit  of  conservative  treatment.  But 
when  the  fragments  at  the  site  of  impact  are  dispersed  and  driven  deeply  into  the 

1  Die  antiseptiscke  Wundhehandlung  in  der  Krieg&cJiirurgie,  von  Carl  Reyher,  Leipzig, 
1878,  pp.  30-31. 
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surrounding  tissues,  when  the  remaining  portions  of  the  shaft  ai*e  much  splintered, 
when  one  of  the  neighbouring  joints  is  penetrated,  and,  especially  when  both  bones 
of  the  leg  are  involved  in  the  injuries,  amputation,  under  ordinary  circumstances,  in 
field  practice,  is  the  only  course  to  pursue.  Of  155  recorded  gunshot  fractures  of 
both  bones  of  the  leg,  uncomplicated  with  lesions  of  joints,  or  of  important  vessels  or 
nerves,  among  officers  and  men  during  the  Crimean  war,  96,  or  61  "9  per  cent.,  were 
subjected  to  amputation  ;  of  46  wounds  in  which  the  tibia  only  was  fractured,  in  20, 
or  43-5  per  cent.,  the  limbs  were  amputated;  of  23  cases,  in  which  the  fibula  only 
was  fractured,  in  6,  or  26  per  cent.,  amputation  was  performed.  The  recoveries 
among  the  less  severe  cases,  in  which  conservative  practice  was  followed,  can  hardly 
be  said  to  have  been  very  encouraging.  Of  59  such  cases  treated  conservatively,  in 
which  both  bones  were  fractured,  death  occurred  in  28,  or  47'4  per  cent. ; 
of  26,  in  which  the  tibia  only  was  fractured,  6  died,  or  23  per  cent.  ;  of  17, 
with  fibula  only  fractured,  3  died,  or  17-6  per  cent.  It  is  not  to  be  forgotten,  too, 
that  these  cases  occurred  at  the  time  when  the  army  was  for  the  greater  par  t 
stationary  before  Sebastopol,  and  when  all  the  hospital  circumstances  were  most 
favourable  for  treatment,  between  April  1855  and  the  end  of  the  war.  The 
mortality  among  primary  amputations  of  the  leg  during  this  period  was  30-3  per 
cent.  There  is  good  reason  for  believing  that  in  the  future,  whenever  primary 
antisepsis  can  be  carried  out  in  the  field,  the  number  of  similar  cases  which  may  be 
safely  submitted  to  conservative  treatment  may  be  considerably  increased,  and  that  the 
ratio  of  mortality  will  be  much  diminished,  Recent  experience  has  shown  that  even  a 
partial  application  of  the  antiseptic  method  of  treatment  to  these  and  other  similar 
gunshot  fractures  has  been  followed  by  valuable  results.  As  regards  the  general 
treatment  of  fractures  of  the  leg,  the  same  remarks  are  applicable  as  have  been  before 
made  with  regard  to  gunshot  fractures  in  the  upper  extremity. 

Disarticulation  of  the  leg  at  the  knee-joint  was  frequently  employed  by  surgeons 
of  the  French  army  in  the  Crimea,  in  gunshot  wounds  of  the  leg  below  the  knee,  or, 
if  the  knee  were  involved,  when  the  femur  had  escaped  injury.  Out  of  69  cases  of 
knee-joint  amputation,  however,  only  6  survived ;  a  mortality  of  9 1 -30  per  cent.  There 
were  only  7  instances  of  this  operation  in  the  British  army,  but  out  of  these  3 
recovered.  The  general  result  of  the  experience  of  this  operation  in  military  surgery 
for  gunshot  injuries  is  exceedingly  unfavourable.  According  to  M.  Legouest,  its 
gravity  has  hitherto  nearly  equalled  that  of  amputations  at  the  hip-joint.  The 
general  mortality  of  disarticulation  at  the  knee  M.  Legouest  gives  as  87  per  cent.  ; 
coxo-femoral  disarticulation  as  87'7  per  cent. 

Gunshot  wounds  of  the  ankle,  in  which  the  articulation  had  been  penetrated  and 
bone  fractured,  however  slight  the  fracture,  were  also,  until  a  comparatively  recent 
date,  held  by  all  military  surgeons  to  involve  the  necessity  either  of  removal  of  the 
foot  at  the  joint  or  of  amputation  above  it,  according  to  the  extent  of  the  injury. 
Resection  of  this  joint  was  not  considered  an  operation  suitable  for  military  practice. 
The  aggravation  of  the  original  injury  from  the  effects  of  ti'ansport  from  the  field  to 
successive  hospitals  ;  the  tedious  process  of  repair  in  case  of  resection  being  practised  ; 
the  unceasing  and  minute  attention  required  during  the  treatment ;  the  many 
hazards  to  the  patient  during  its  course  ;  the  nature  and  disposition  of  the  structures 
surrounding  the  articulation ;  the  great  uncertainty  regarding  the  ulteiior  results  of 
this  plan  of  treatment,  when  circumstances  might  admit  of  the  necessary  care  and 
attention  being  given — all  these  considerations  led  military  surgeons  to  resort  to 
amputation  as  the  most  advisable  proceeding,  having  regard  not  only  to  safety  of 
life,  but  also,  especially  with  soldiers,  to  their  subsequent  condition  in  regard  to 
power  of  progression,  and  the  relative  amount  of  fatigue  or  pain  to  winch  they  would 
be  subjected  in  standing  for  long  periods  at  the  occupations  in  which  they  would  pro- 
bably have  to  employ  themselves  for  earning  a  livelihood.  There  was  no  case  of 
resection  of  the  ankle-joint,  properly  so  called,  in  either  the  English  or  French  armies 
during  the  Crimean  war.  In  one  instance  in  the  English  army  there  was  a  partial 
resection,  the  lower  portion  of  the  fibula  being  removed,  and  this  case  recovered.  Pro- 
fessor von  Langenbeck,  however,  has  practised  secondary  resection  of  the  ankle-joint 
in  cases  of  gunshot  injuries  with  remarkable  success,  and  has  done  much  to  introduce 
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it  as  one  of  the  regular  proceedings  of  military  surgery  in  fut  ure  wars.  This  distin- 
guished surgeon,  indeed,  has  recorded  his  opinion  that  the  operation  of  resection  of  the 
ankle  -joint  ought  to  he  as  much  practised  as  that  of  resection  of  the  shoulder-joint,  and 
that  it  is  destined  to  furnish  a  larger  number  of  cures  than  resection  of  the  shoulder 
has  hitherto  given.  He  performed  resection  of  the  ankle-joint  in  5  cases  for  gunshot 
wounds  sustained  in  the  German-Danish  war  of  1864.  Only  1  death  occurred 
among  them,  and  this  was  from  hospital  gangrene.  All  the  resections  were  done 
sub-periosteally.  Fixation  was  obtained  by  the  immediate  application  of  fenestrated 
gypsum  bandaging.  Baron  Langenbeck  strongly  insists  on  complete  immobilisation 
of  the  parts  involved  in  the  operation  being  indispensable  for  a  successful  result.  In 
one  of  these  cases,  in  which  a  bullet  entered  at  the  internal  malleolus  and  made  exit 
at  the  external  malleolus,  notwithstanding  altogether  two  inches  and  a  half  of  the 
articulating  portions  of  the  tibia  and  fibula  and  astragalus  were  removed,  the  patient 
recovered  with  anchylosis,  but  without  any  shortening,  owing  to  the  extensive  for- 
mation of  new  bone.  In  the  Bohemian  war  of  18G6  Baron  Langenbeck  performed 
]  1  sub -periosteal  resections  of  the  ankle-joint,  and  out  of  these  9  recovered,  with 
conservation  of  a  useful  foot.  All  tbe  operations  in  these  cases  were  secondary. 
With  regard  to  the  war  in  the  United  States,  it  is  recorded  in  the  before  quoted 
Circular  "No.  6  that  there  were  8  excisions  of  the  tibio-tarsal  articulation,  and 
that  of  this  number  5  died,  and  the  conclusion  put  forth  with  regard  to  ankle- 
joint  wounds  is  that  '  the  formal  excisions  are  rarely  successful.'  It  is  not  to  be  for- 
gotten, however,  that  the  information  in  this  circular  is  fragmentary  and  incomplete. 
Professor  Gurlt  has  collected  99  cases  of  complete  or  partial  resections  of  the  ankle- 
joint  during  the  Franco-German  war.  Among  the  partial  resections,  however,  seem 
to  be  included  some  in  which  the  ankle-joint  was  not  actually  concerned,  but  in 
which  bones  or  portions  of  bones  of  the  tarsus  were  removed  independently  of  it.  Of 
the  99  cases,  57  became  healed,  the  results  of  4  were  unknown,  and  38  terminated 
fatally,  or  4042  per  cent.  None  were  primary  operations.  Six  were  intermediary, 
with  2  deaths;  90  were  secondary,  with  35deaths;  the  period  of  3,  with  1  death,  was 
not  recorded.  Thirty-eight  of  the  number  were  complete  resections,  portions  of  the 
tibia,  fibula,  and  astragalus  being  included  in  the  excision,  and  among  these  were 
13  deaths,  being  35-13  per  cent.  The  results  were  known  in  53  instances,  and  in  30 
of  these  they  were  considered  to  be  favourable,  complete  anchylosis  being  obtained  in 
23 ;  while  in  23  others  the  results  were  regarded  as  either  middling  or  bad.  Alto- 
gether Dr.  Gurlt  has  collected  150  cases  from  all  the  wars  in  which  complete  or 
partial  resections  of  the  ankle  have  been  shown  in  surgical  returns,  with  51  deaths 
among  the  number,  or  a  mortality  of  34  per  cent.  In  five  instances  the  final  results 
were  unknown. 

Of  late  years  there  have  been  at  Netley  repeated  instances  in  which  rifle  projec- 
tiles have  perforated  the  ankle  from  side  to  side  through  the  malleoli,  or  in  which 
the  end  of  the  tibia  or  the  astragalus  has  been  traversed  in  such  a  direction  that 
penetration  of  the  joint  or  fissures  extending  into  it  could  apparently  have  hardly 
been  escaped  from,  notwithstanding  which  the  patients  have  recovered  without  opera- 
tive interference.  Anchylosis  has  occurred  in  some  instances,  but  in  others  mobility, 
partial  or  complete,  has  been  retained.  Such  cases  seem  to  have  been  scarcely 
ever  met  with  in  former  years.  The  small  diameters  of  many  modern  rifle  bullets, 
better  treatment,  and  purer  hygienic  surroundings,  will  probably  explain  these 
occurrences.  In  such  limited  penetrating  fractures  of  the  ankle-joint,  therefore, 
when  they  are  unattended  by  laceration  of  the  chief  vessels  and  nerves,  expectant 
treatment  may  well  be  adopted,  with  the  precautions  of  preventing  all  movement 
of  the  injured  structures,  and  using  every  means  for  limiting  inflammatory  action 
among  them.  If  excessive  suppuration  and  caries  occur,  either  amputation  or 
resection  may  be  subsequently  demanded.  The  great  success  which  has  attended  the 
latter  operation  in  the  hands  of  some  surgeons  indicates  that  it  should  be  pre- 
ferred in  all  suitable  cases,  and  most  cases  in  which  the  expectant  treatment  has 
been  considered  advisable  will  be  suitable  for  resection  as  a  secondary  measure  if 
needed.    If  fixation  by  anchylosis  be  taking  place,  care  will  be  required  on  the  part 
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of  the  surgeon  to  maintain  the  foot  at  a  right  angle  with  the  leg.  In  the  case  of 
one  soldier  at  Netley,  in  whom  a  gunshot  wound  of  the  ankle  had  been  followed  by 
firm  anchylosis  of  the  joint,  the  foot  was  so  extended  that  progression  was  accom- 
plished with  the  greatest  difficulty ;  the  man  could  have  walked  with  far  greater 
ease  if  the  foot  had  been  disarticulated  at  the  joint  with  the  aid  of  the  ordinary  shoe 
for  the  purjrose.  In  wounds  of  the  ankle  by  shell  fragments  and  such  large  projec- 
tiles as  usually  inflict  extensive  laceration  of  the  soft  coverings  as  well  as  much  com- 
minution of  the  bones,  no  resource  is  available  but  amputation  above  the  site  of 
injury. 

Wounds  of  the  foot,  those  caused  by  small  as  well  as  by  lai-ge  projectiles,  in  a  large 
proportion  lead  to  the  necessity  of  amputation.  In  88  recorded  cases  of  gunshot 
wounds  in  the  tarsal  or  metatarsal  parts  of  the  foot,  among  British  soldiers  in  the 
Crimea,  amputation  was  performed  in  nearly  half  the  number ;  while  in  32 
wounds  of  the  toes,  the  injured  toes  were  amputated  in  8  instances.  It  is  not  so 
important  to  save  limited  portions  of  the  foot  as  it  is  with  the  hand,  especially  with 
soldiers,  for  the  member,  if  largely  mutilated,  is  rarely  so  useful  to  the  man  after  he 
has  been  invalided  out  of  the  service  as  the  stump  is  which  is  left  after  amputation 
of  the  foot  at  the  ankle-joint.  Indeed,  in  occasional  instances  where  the  whole 
foot  has  been  saved  after  severe  injury,  but  with  resulting  anchylosis  of  the  ankle 
and  smaller  joints,  and  with  more  or  less  distortion,  it  has  been  hardly  questionable, 
as  seen  among  some  of  the  invalids  who  have  passed  through  Netley,  that  greater 
inconvenience  and  difficulty  in  walking  have  been  experienced  than  by  others  in 
whom  amputation  has  been  practised,  and  who  have  the  support  of  an  ordinary 
appliance.  Experience  will  often  be  the  best  guide  in  enabling  a  surgeon  to  decide 
in  a  given  case  of  gunshot  wound  of  the  foot,  accompanied  with  fracture,  whether  to 
conserve  or  amputate  the  wounded  member,  looking  to  its  future  utility.  Not  only 
the  exact  nature  and  extent  of  the  lesion,  but  the  patient's  state  of  health,  and  all 
other  circumstances  bearing  on  the  case,  especially  in  field  practice,  must  be  taken 
into  account.  Under  any  circumstances,  if  the  fracture  and  general  injury  be  severe, 
and  conservation  be  determined  upon,  a  long  course  of  treatment  must  be  prepared 
for,  and  constant  attention  will  be  required  to  keep  the  diseased  action  within  the 
original  limits  of  the  injury. 

In  all  cases  in  which  the  nature  of  the  injury  from  gunshot  is  such  as  to  demand 
amputation,  exarticulation  of  the  lower  extremity  at  the  hip  being  alone  excepted, 
the  operation  should  be  performed  as  early  as  practicable — that  is,  before  inflamma- 
tory excitement  has  arisen — rather  than  as  an  intermediate  or  secondary  operation. 
The  grounds  for  the  delay  incases  of  hip-joint  amputation  have  been  already  mentioned. 
If  the  primary  period  from  any  cause  should  have  lapsed,  then,  as  a  general  rule,  it  is 
better  to  make  the  amputation  a  secondary  one  whenever  circumstances  allow  the 
postponement,  rather  than  perform  it  as  an  intermediary  one  while  inflammatory 
action  is  in  full  force. 

It  is  hardly  necessary  to  refer  at  much  length  to  the  advantages  of  primary  over 
intermediate  and  secondary  amputation  in  gunshot  wounds ;  for  military  surgeons, 
whether  acting  at  sea  or  on  land,  although  the  subject  has  sometimes  been  a  matter 
of  dispute,  have  practically  determined  the  question.  For  a  long  time  the  directions 
of  John  Hunter,  that  amputation  should  not  be  performed  until  the  first  inflamma- 
tion was  over,  based  on  the  argument  that  the  '  amputation  is  a  violence  superadded 
to  the  injury,  and  therefore  heightens  the  danger,'  and  that  this  danger  is  aggravated 
in  the  instance  of  a  man  labouring  under  mental  agitation,  as  on  the  field  of  battle, 
had  great  weight  among  English  surgeons ;  but  experience  has  led  to  a  different 
practice.  The  greater  success  of  primary  amputation  appears  to  be  attributable  to 
the  facts  that  a  contused  and  mangled  limb  is  a  constant  source  of  accumulating 
irritation;  that  the  exciting  circumstances  connected  with  battle  lead  a  man  to  bear 
with  courage  at  an  early  stage  what  subsequent  suffering  and  anxiety  may  render 
him  less  willing  to  submit  to ;  that  a  soldier,  when  first  wounded,  is  most  probably 
in  stronger  health  than  he  will  be  after  hospital  restraint  and  confinement ;  that, 
though  the  amputation  is  a  violence,  it  is  one  the  patient  is  likely  to  submit  to  with 
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resignation,  knowing  that  it  is  performed  to  remove  parts  which,  if  unremoved,  will 
destroy  life  ;  and,  lastly,  because  the  operation  takes  away  a  source  of  dread  which 
must  weigh  down  the  sufferer  so  long  as  it  is  impending.  The  present  practice  has 
resulted  from  testing  both  modes  of  amputation.  Mr.  Guthrie  showed,  from  the 
experience  of  the  Peninsular  war,  that  the  loss  in  secondary  amputation  had  con- 
stantly exceeded  that  from  primary  amputations  in  both  the  upper  and  lower  ex- 
tremities. More  recent  observations  have  confirmed  this  result.  Dr.  Scrive  records 
that  the  experience  of  the  French  army  in  the  Crimea  showed  the  success  of  primary 
amputation  sometimes  exceeded  by  two-thirds  that  of  secondary  amputation.  In 
respect  to  the  particular  time  at  which  primary  amputation  is  to  be  performed,  the 
general  practice  of  the  present  day  is,  when  the  operation  is  inevitable,  to  perform  it 
as  soon  as  it  can  be  done — at  any  rate,  within  the  first  twenty-four  hours,  provided 
the  more  intense  effects  of  '  shock,'  where  it  has  supervened  on  the  injury,  have 
passed  off  ;  and  this  practice  generally  accords  with  the  feelings  of  soldiers,  who  not 
unfrequently  press  the  surgeon  for  an  early  turn  in  being  relieved  from  the  suffering 
and  dread  resulting  from  a  shattered  limb.  If  only  a  moderate  amount  of  '  shock  ' 
exist,  this  does  not  appear  to  be  a  sufficient  reason  for  delaying  amputation  ;  for  the 
administration  of  a  stimulant  draught,  and  a  few  consolatory  words,  will  generally 
remove  it ;  and,  even  though  some  faintness,  pallor,  and  depression  may  remain,  no 
ill  consequences  ensue.  Indeed,  in  the  Crimea,  primary  amputations  were  repeatedly 
performed  where  shock  had  not  wholly  disappeared,  and  no  harm  resulted  from 
the  practice.  The  introduction  of  chloroform,  by  its  negative  operation  of  prevent- 
ing pain  and  alarm,  and  by  its  positive  action  as  a  stimulus,  has  done  much  to 
remove  many  of  the  objections  which  were  urged  by  John  Hunter  against  early 
amputations  after  gunshot  wounds.  If  collapse  be  intense,  and  the  bodily  tempera- 
ture depressed,  more  than  can  be  accounted  for  by  the  wound  to  the  extremity, 
suspicion  will  be  excited  that  some  internal  injury  has  been  also  inflicted,  and  delay 
will  be  necessary  for  further  observation  of  the  patient.  When  active  operations  are 
proceeding,  and  it  is  necessary  to  carry  the  wounded  to  a  long  distance,  the  advan- 
tages of  early  removal  of  shattered  limbs  are  obvious,  especially  when  means  of 
rendering  the  limbs  immovable  during  the  transport  are  defective,  or  the  transport 
itself  has  to  be  conducted  over  rough  roads  or  in  unsuitable  vehicles,  and  the  hopes 
of  success  from  conservative  treatment  are  thereby  reduced  almost  to  zero. 

Hospital  Gangrene,  which  used  to  be  a  common  and  very  fatal  complicat'on  of 
gunshot  wounds,  when  the  circumstances  of  war  were  such  as  to  lead  to  over- 
crowding in  ill-ventilated  buildings,  to  inferior  diet,  and  to  deficiency  of  the 
necessary  means  for  securing  personal  cleanliness  and  purity  of  atmosphere ;  Tetanus  ; 
Secondary  Hemorrhage,  and  some  other  complications  of  gunshot  injuries  are 
treated  separately  under  their  respective  heads  in  other  parts  of  this  work. 


Thomas  Longmore. 


570 


INJURIES  OF  THE  HEAD. 

Wounds  op  the  Scalp.     Contusions  of  the  Bone. 

IT  has  been  thought  advisable  to  treat  of  these  injuries  together,  as  they  are  often 
combined  ;  and  what  appeared  a  simple  wound  of  the  scalp  is  ultimately  not  un- 
frequently  found  to  have  been  complicated  by  much  more  serious  mischief — contusion 
of  the  bone. 

Of  the  various  forms  of  scalp  wounds  occurring  in  daily  life,  those  produced  by 
heavy  blows,  or  in  which  flaps  have  been  more  or  less  extensively  detached,  .are  the 
most  common.  Such  wounds  are,  for  the  most  part,  accompanied  by  bruising  of  the 
soft  parts,  yet  it  not  unfrequently  happens  that  they  present  the  appearance  of  a  clean 
cut,  and  look  as  if  they  had  been  produced  by  some  sharp  instrument.  Flap  wounds 
are  more  common  in  the  scalp  than  in  any  other  part  of  the  body,  and  it  is  here,  too, 
that  the  most  extensive  wounds  of  this  kind  are  generally  met  with,  the  greater  part 
of  the  skull  being  at  times  uncovered,  and  even  the  ears  torn  away. 

Bruised  wounds  of  the  scalp  are  to  he  treated  like  common  incised  wounds,  and 
in  many  instances  they  heal  just  as  readily. 

After  careful  cleansing  of  the  wound,  the  flap,  however  extensive,  is  to  be  re- 
placed, and  maintained  in  position  by  strips  of  plaister,  compresses,  and  a  bandage. 
A  suture,  here  and  there,  may  be  necessary ;  but  sutures  must  be  sparingly  used 
about  the  scalp,  and  they  should  be  instantly  removed  on  the  occurrence  of  inflam- 
matory swelling. 

Flap  wounds  of  the  scalp,  of  the  largest  size,  are  not  unfrequently  healed  within 
a  few  days.  Occurring,  as  most  of  these  flap  wounds  do,  by  the  rending  of  the 
loose  cellular  tissue  under  the  occipito-frontalis,  they  carry  with  them  a  rich  supply 
of  blood-vessels ;  and  hence  the  reason  why  these  flaps  so  seldom  slough,  and  why 
they  so  readily  heal. 

Flap  wounds,  with  extensive  exposure  of  the  bone,  often  heal  without  a  single 
drawback  ;  if  not  healed  by  first  intention,  granulations  spring  up  from  the  surface  of 
the  exposed  bone,  or  thin,  almost  imperceptible,  scales  of  bone  are  thrown  off,  and 
union  by  second  intention  follows. 

Haemorrhage  in  scalp  wounds  is  seldom  very  troublesome.  Both  ends  of  the 
divided  vessel  can,  for  the  most  part,  be  readily  secured,  or  pressure  maj'  be  estab- 
lished on  the  main  trunk,  at  some  distance  from  the  wound.  In  a  wound  of  the 
lower  part  of  the  temporal  fossa,  haemorrhage  from  the  deeper  vessels  may,  however, 
be  very  difficult  to  deal  with ;  and  in  such  a  case,  should  the  bleeding  recur  and 
become  dangerous,  notwithstanding  all  our  local  means,  the  question  of  applying  a 
ligature  to  the  external  or  to  the  common  carotid  artery  may  arise. 

Wounds  of  the  scalp,  even  of  the  most  trifling  nature,  are  not  unfrequently 
followed  by  inflammation  of  an  erysipelatous  character,  affecting  sometimes  the  skin 
only,  but  much  more  commonly  the  loose  cellular  tissue  under  the  occipito-frontalis 
muscle. 

If  cutaneous  erysipelas  alone  exist,  the  local  treatment  is  to  be  of  the  simplest 
kind.  The  frequent  lancet  puncturings,  so  strongly  advocated  some  few  years  back, 
are  not  necessary  ;  they  are  exceedingly  painful,  and  they  certainly  do  not  lessen  the 
duration  of  the  disease. 

Diffuse  cellular  inflammation  of  the  scalp  first  shows  itself  by  slight  puffiness, 
without  any  redness  of  the  skin,  in  the  neighbourhood  of  the  wound ;  and  this  local 
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indication,  if  not  ushered  in,  is  soon  followed  by  general  symptoms— feverishness  and 
rigors.  An  outpouring  of  lymph  subsequently  takes  place  into  the  meshes  of  the 
loose  cellular  tissue,  and  then  more  or  less  induration  and  great  thickening  of  the 
scalp,  which,  when  cut  into,  presents  a  brawn-like  appearance.  Unchecked,  this 
form  of  inflammation  soon  leads  to  extensive  sloughing,  and  large  portions  of  the 
cellular  tissue  are  rapidly  destroyed. 

On  the  first  appearance  of  puffiness  around  a  scalp  wound,  a  free  exit  should  be 
given  to  the  effused  fluid  by  at  once  separating  the  adherent  lips  of  the  wound.  In 
large  wounds  it  is  seldom  necessary  to  destroy  all  the  adhesions,  a  free  separation  at 
different  points  is  all  that  is  necessary,  and  then  a  warm  poultice  or  fomentations 
should  be  applied.  Should  the  effusion  spread  notwithstanding,  the  system  of  free 
puncturing  may  be  adopted  with  great  advantage,  and  in  the  more  threatening  cases 
incisions  down  to  the  bone  will  be  absolutely  necessaiw.  Limited  incisions  answer 
every  purpose;  and  they  lessen  the  danger  of  haemorrhage,  which,  in  persons  of 
broken-down  constitution,  may  become  a  matter  of  vital  importance. 

Such  incisions,  provided  the  general  condition  of  the  patient  be  good,  will,  in  the 
great  majority  of  cases,  prevent  any  very  extensive  sloughing  of  the  cellular  tissue 
of  the  scalp.  In  some  cases,  however,  extensive  sloughing  does  take  place,  and  the 
tendon  of  the  occipito-frontalis  muscle  and  the  pericranium  may  become  involved  ; 
but  the  scalp  itself  very  rarely  perishes  ;  its  arterial  trunks  and  main  branches  all  lie 
immediately  under  the  skin.  Occasionally,  a  large  arterial  trunk  is  laid  open  by 
ulceration,  and  haemorrhage  ensues,  the  source  of  which,  owing  to  the  blood  accumu- 
lating under  the  detached  scalp,  it  may  at  first  be  difficult  to  make  out. 

It  is  surprising,  notwithstanding  all  this,  to  see  how  well  a  case  of  this  kind  may 
do.  The  sloughs  separate,  and  the  extensively-detached  scalp  soon  re-adapts  itself 
to  the  structures,  and  ultimately  becomes  firmly  adherent  to  them. 

The  general  treatment,  both  in  erysipelas  and  in  diffuse  cellular  inflammation 
of  the  scalp,  must  be  generous.  Tonics  and  diffusible  stimulants  must  be  resorted 
to  at  a  very  early  period ;  and  the  free  administration  of  such  stimulants  as  the 
patient  may  have  been  accustomed  to  may  be  often  necessary. 

A  simple  blow  on  the  head  may  induce  inflammatory  hypertrophy  of  the  bones ; 
this  may  go  on  for  years,  and  the  calvaria  thus  become  enormously  thickened ;  or  it 
may  lead  to  caries  or  necrosis.  And  here  the  disease  may  be  limited  to  the  original 
seat  of  the  injury,  or  it  ma}'  spread  far  and  wide,  affecting  either  one  or  both  tables 
of  the  bones,  and  involve  even  the  whole  vault  of  the  skull.  Specimens  of  extensive 
disease,  limited  to  the  outer  parts  of  the  calvaria,  and  caused  by  a  simple  blow, 
exist  in  the  Museums  of  the  Royal  College  of  Surgeons  and  of  St.  G  eorge's  Hospital. 
Dr.  Abercrombie1  mentions  a  case  in  which  the  inner  table  alone  of  the  calvaria 
was  thus  extensively  destroyed.  In  Norris's  case  2  the  disease  attacked  both  tables 
of  the  whole  of  the  calvaria,  and  extended  even  as  far  as  the  foramen  magnum.  The 
skull  is  now  in  the  Museum  of  the  Royal  College  of  Surgeons.3  Mr.  Drummond's 
case4  affords  another  example  of  extensive  destruction  of  the  vault  of  the  skull, 
originating  in  a  blow  on  the  head.  But  of  cases  of  this  kind,  Saviard's  5  is  the  most 
extraordinary.  In  this  case,  two  years  after  a  blow  on  the  head,  the  whole  skull-cap 
came  bodily  away. 

The  treatment  of  such  cases  differs  in  no  wise  from  that  of  caries  and  necrosis  of 
the  skull  arising  from  other  causes.  Matter  pent  up  under  the  scalp  must  be  let  out, 
and  the  loose  pieces  of  bone  removed ;  and  occasionally,  but  very  rarely,  the  applica- 
tion of  the  trephine  may  become  necessary. 

In  the  above  cases,  the  mischief  in  the  bone  was  chronic  ;  but  a  blow  on  the  head, 
with  or  without  a  scalp  wound  denuding  the  bone,  may  be  followed  by  inflammation 

1  Diseases  of  the  Brain,  2nd  edit.  p.  189. 

2  Trans,  o  f  the  Med.  Soc.  of  London,  vol.  i.  p.  168. 

3  Pathol.  Cat.,  1847,  vol.  ii.  p.  115.    Itis  entered  as  a  specimen  of  tuberculated  syphilitic 
disease ;  but  this  is  an  error. 

4  Med.-Chir.  Trans,  vol.  xxxiv.  p.  103.  5  Eec.  d'Obs.  Chir.,  17G2,  p.  386. 
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of  an  acute  character,  the  starting- point  of  which  is  in  the  diploe',  where  the  hlow  is 
followed  by  an  extravasation  of  blood,  or  a  breaking-down  of  the  cancellous  tissue ; 
the  compact  tables  suffering  but  little  from  the  injury. 

Inflammation  of  the  diploe,  in  connection  with  such  a  contusion,  is  fraught  with 
danger.  The  inflammation  may  at  any  moment  spread  to  the  internal  table  of  the 
bone,  and  from  thence  to  the  membranes  of  the  brain ;  and,  involving  some  of  the 
veins  of  the  diploe,  it  may  lead  to  pyaemia. 

The  patient  having  recovered  from  the  immediate  effects  of  the  injury,  may  for  a 
time  appear  to  be  in  perfect  health  ;  and  thus  matters  generally  go  on  for  a  fortnight 
or  three  weeks,  when  a  change,  slight  at  first,  takes  places.  When  there  is  a  wound, 
it  loses  its  healthy  aspect,  and  this  is  accompanied  by  feverishness  and  pain  in  the 
head  ;  then  follows  a  spontaneous  secession  of  the  periosteum  ;  and  the  bone,  if  de- 
nuded, becomes  dry  and  discoloured.  Such  are  the  first  indications  of  mischief; 
and  now,  should  the  inflammation  spread  from  the  internal  table  of  the  bone  to  the 
dura  mater,  this  membrane  secedes  from  the  affected  bone,  and  its  outer  surface  is 
covered  with  lymph  or  pus.  Thus  far  the  mischief  is  circumscribed  ;  but  when  the 
inflammation  reaches  the  parietal  arachnoid,  it  spreads  more  or  less  over  the  free 
surface  of  this  membrane,  and  soon  involves  the  visceral  layer  of  the  arachnoid,  the 
pia  mater,  and  the  corresponding  surface  of  the  brain.  Meanwhile  the  symptoms 
become  more  and  more  marked — increased  feverishness,  repeated  rigors,  intense  pain 
in  the  head,  sickness,  drowsiness,  occasional  wandering,  coma,  and  sometimes 
paralysis. 

In  all  this,  it  is  held  that  the  affection  of  the  bone  is  the  essential  element ;  and 
such  no  doubt  is  the  rule.  It  was,  however,  taught  by  Pott,1  that  the  affection  of 
the  bone  was  only  secondary  to  that  of  its  membranes. 

In  the  treatment  of  these  cases,  the  first  question  is,  whether  the  inflammation 
likely  to  arise  from  a  contusion  of  the  skuil-bone  can  be  prevented.  Free  blood- 
letting at  the  onset  of  the  symptoms  would,  it  was  at  one  time  thought,  prevent 
further  mischief;  and  by  Pott,2  especially,  great  success  was  attributed  to  this  plan 
of  treatment.  But,  as  I  shall  hereafter  explain,  these  successful  cases  were,  I  be- 
lieve, instances  of  inflammation  beginning,  not  in  the  dura  mater,  but  in  the  visceral 
layers  of  the  membranes  of  the  brain,  and  dependent  upon  what  is  commonly  called 
concussion.  It  is  no  doubt  right,  as  soon  as  inflammatory  symptoms  make  their 
appearance  after  a  blow  on  the  head,  to  have  recourse  to  antiphlogistic  remedies; 
but  the  prospect  of  the  benefit  likely  to  be  derived  from  our  treatment  must  depend 
upon  the  cause  of  the  inflammation.  In  inflammation  dependent  upon  concussion  of 
the  brain,  antiphlogistic  remedies  will,  in  the  great  majority  of  cases,  be  of  very 
great  use  :  but  in  inflammation  beginning  in  the  diploe  and  spreading  to  the  dura 
mater,  they  will  be  of  little  or  no  avail ;  and  hence  the  reason  why  we  so  commonly 
find  these  cases  running  their  course,  notwithstanding  blood-letting,  mercury,  &c. 

The  increase  of  the  symptoms  leads  to  the  question  of  trephining  in  such  cases. 

Trephining  for  matter  between  the  bone  and  the  dura  mater1  appears,  in  Pott's 
hands,  to  have  been  a  most  successful  operation.  Blow  on  the  head — subsequent 
secession  of  the  pericranium — pain  in  the  head — fever — rigors — application  of  the 
trephine — evacuation  of  matter — cured.  Such  is  the  history  of  the  majority— -five 
out  of  eight — of  the  cases  in  which  Pott  applied  the  trephine.3  But  no  such  success 
has  attended  the  practice  of  other  surgeons.  On  the  one  hand,  the  dura  mater  has 
been  found,  over  and  over  again,  perfectly  sound  in  cases  where  the  trephine  has  been 
applied  for  precisely  similar  symptoms;  and,  on  the  other  hand,  although  matter 
may  have  been  found  between  the  bone  and  the  dura  mater,  the  patient  has  never- 
theless died.  I  have  repeatedly  seen  the  trephine  applied  under  such  circumstances 
and  matter  evacuated,  but  without  any  permanent  benefit.  Indeed  the  successful 
issue  of  a  case  of  trephining  for  matter  between  the  hone  and  the  dura  mater  is,  I 
believe,  all  but  unknown  to  surgeons  of  our  own  time. 


1  Inj.  of  the  Head,  17G8,  p.  39. 


2  Ibid.  17G8,  p.  55. 


3  Op.  cit.  pp.  G3-107. 
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Pott  was  successful  because  the  inflammation  in  the  majority  of  his  cases  happened 
to  be  strictly  limited  to  the  outer  surface  of  the  dura  mater ;  and  this  Pott  thought 
was  frequently  the  case ;  but  further  experience  has  proved  that  this  strict  limitation 
of  the  inflammation  is  quite  exceptional.  In  every  case  of  contused  bone  in  which  I 
have  found  inflammation  on  the  outer  surface  of  the  dura  mater,  I  have  also  found 
inflammation  on  the  free  surface  of  the  arachnoid. 

With  this  all-but  constant  diffuse  suppuration  of  the  arachnoid  which  accompanies 
inflammation  of  the  dura  mater  in  connection  with  contused  bone,  there  is,  then,  but 
very  little  hope  of  doing  any  good  by  trephining ;  but  as  the  operation  is  the  only 
chance  left,  we  must  not  lay  the  trephine  aside  altogether,  as  some  surgeons  have 
done  in  these  cases. 

In  order,  however,  that  we  may  avoid  the  risk  of  applying  the  trephine  in  cases 
where  the  dura  mater  is  healthy,  we  must  be  especially  careful  to  operate  in  those 
cases  only  where,  in  addition  to  fever  and  rigors,  and  to  the  local  signs  about  the 
bone,  there  are  also  well-marked  brain-symptoms — coma,  and,  better  still,  hemiplegia 
or  hemispasm.  With  such  a  train  of  symptoms,  lymph  or  pus  has  invariably  been 
found  between  the  bone  and  the  dura  mater  in  all  the  cases  in  which  I  have  seen  the 
skull  perforated. 

Now  and  then,  but  very  rarely,  the  matter  in  the  cavity  of  the  arachnoid,  instead 
of  being  diffused,  is  limited  by  lymph  glueing  together  the  two  layers  of  the  serous 
membrane  ;  and  thus  is  formed  a  perfectly  circumscribed  abscess.  In  such  cases, 
after  the  skull  has  been  perforated,  the  dura  mater  bulges  into  the  trephine-hole ; 
and  it  is  tense,  and  without  any  pulsation.  Here  there  is  no  doubt  as  to  what  is  to 
be  done.  The  dura  mater  must  be  cut  into,  in  order  that  the  matter  be  evacuated . 
It  was  by  thus  incising  the  dura  mater  that  Guthrie  1  saved  the  life  of  one  of  his 
patients.  In  Roux's  ca«e,2  after  the  removal  of  the  bone  by  the  trephine,  a  large 
hole  was  found  in  the  dura  mater  ;  this  gave  free  vent  to  a  collection  of  matter 
circumscribed  within  the  cavity  of  the  arachnoid,  and  the  patient  got  well.  And 
Mr.  Dumville's  recent  case  affords  another  striking  instance  of  circumscribed  suppu- 
ration within  the  cavity  of  the  arachnoid,  and  similar  in  some  points  to  M.  Roux's. 
The  girl,  Mary  Driskell,  was  admitted  into  the  Manchester  Royal  Infirmary,  for  a 
scalp  wound  and  denudation  of  the  frontal  bone.  The  symptoms  first  made  their 
appearance  three  weeks  after  the  accident,  and  led  to  the  supposition  that  matter 
had  formed  between  the  bone  and  the  dura  mater.  The  trephine  was  applied  :  no 
matter  was  found  on  the  dura  mater,  which,  however,  was  whiter  and  thicker  than 
usual,  except  at  one  point  of  the  margin  of  the  trephine-hole,  where  there  was  a  red 
spot ;  this  proved  to  be  a  small  hole  in  the  dura  mater,  into  which  the  flat  end  of  a 
probe  was  passed,  whereupon  a  quantity  of  most  offensive  matter  spirted  out.  The 
symptoms  were  relieved,  and  the  patient  ultimately  got  well.3 

But  of  all  the  complications  incident  to  the  slighter  forms  of  injury  of  the  head, 
none  is  so  fatal  as  purulent  infection,  which  may  arise  out  of  a  simple  wound  of  the 
scalp,  or,  as  is  much  more  frequently  the  case,  be  connected  with  contusion  of  the 
skull,  followed  by  inflammation  and  suppuration  of  the  diploe,  in  which  some  of  the 
large  and  numerous  venous  canals  of  the  bone  have  become  implicated. 

In  purulent  infection  arising  out  of  either  of  these  causes,  the  brain  and  its 
membranes  may  remain  perfectly  healthy.  With  contusion  of  bone,  however,  it 
much  more  commonly  happens  that  purulent  infection  is  associated  with  intra-cranial 
suppuration. 

The  frequent  association  of  purulent  infection  with  slight  injuries  of  the  head 
must  be  kept  constantly  in  view  •  for  its  symptoms  sometimes  resemble  very  closely 
those  of  intra-cranial  suppuration  ;  so  much  so  that,  unless  on  our  guard,  we  may 
be  misled,  and  especially  in  the  early  stages,  when  there  are  as  yet  no  signs  of  mis- 
chief in  other  parts  of  the  body.    And  the  diagnosis  will  be  still  more  difficult,  if  not 

1  Inj.  of  the  Head,  p.  127.  ~  Arch,  r/ener.  de  Med.  18-30,  vol.  xxiv.  p.  268. 

3  Brit.  Med,  Journ.  1858,  vol.  ii.  p.  743. 
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altogether  impossible,  in  those  cases  where  there  is  matter  between  the  bone  and  the 
dura  mater,  as  well  as  purulent  infection. 

A  careful  examination  of  the  venous  system  of  the  head  shows,  in  some  cases,  the 
veins  of  the  scalp  filled  with  pus  :  in  other  cases,  pus  is  found  in  large  quantities  in 
the  veins  of  the  diploe  ;  so  much  so  that,  in  trephining  for  matter  between  the  bone 
and  the  dura  mater,  I  have  several  times  seen  pus  streaming  out  of  the  large  venous 
canals  of  the  diploe  ;  and  within  the  skull,  the  veins  on  the  surface  of  the  hemispheres 
are  sometimes  loaded  with  pus,  and  so  too,  and  much  more  commonly,  is  the  superior 
longitudinal  sinus. 

In  purulent  infection,  surgery  can  do  nothing  unless  the  pus  happens  to  be  alto- 
gether effused  into  parts  which  are  accessible,  such  as  the  joints,  or  the  cellular 
tissue. 

And  medically,  our  only  hope  is  in  keeping  up  the  general  strength  by  all  possible 
means,  bearing  in  mind  that  cases  do  now  and  then  occur  in  which  recovery  takes 
place,  notwithstanding  clearly-marked  symptoms  of  purulent  infection. 

Tn  dealing  with  purulent  infection — in  dealing,  too,  with  erysipelatous  and  diffuse 
cellular  inflammation  of  the  scalp — we  must  also  bear  in  mind  that  disease  of  the 
kidneys  may  possibly  be  at  the  bottom  of  the  evil.  In  such  cases,  too,  one  or  more 
of  the  serous  membranes  may  also  be  filled  with  sero-purulent  fluid. 


Extravasations  of  Blood. 

Blood  may  be  extravasated  in  the  soft  parts  external  to  the  bone  ;  in  the  bone 
itself ;  between  the  bone  and  the  dura  mater ;  within  the  arachnoid  ;  in  the  pia 
mater  ;  in  the  structure  of  the  brain,  or  in  its  ventricles. 

In  the  parts  external  to  the  bones. — The  extravasation  may  take  place  between 
the  skin  and  the  occipito-frontalis  muscle,  in  the  loose  cellular  tissue  under  this 
muscle,  or  beneath  the  periosteum.  In  either  of  these  situations  the  extravasation 
may  be  infiltrated  into  the  tissues,  or  enclosed  in  a  cavity  more  or  less  well  circum- 
scribed. 

Infiltrated. — In  the  very  dense  cellular  tissue  between  the  skin  and  the  occipito- 
frontalis  muscle,  the  blood  presents  itself  as  a  hard  unyielding  lump  :  but  beneath 
the  muscle  it  spreads  through  the  meshes  of  the  loose  cellular  tissue,  and  gives  rise 
to  a  crackling  sensation. 

Enclosed  in  a  cavit;/. — The  extravasation  may  form  either  a  prominent  tumour, 
with  a  soft  centre  and  a  hard  base,  or  a  diffused  swelling  with  boundaries  gradually 
lost  in  the  surrounding  tissues.  Diffused  swellings  of  this  kind  occur  as  well  under 
the  pericranium  as  in  the  loose  cellular  tissue  above  this  membrane ;  and  in  either 
case  the  collection  of  blood  may  be  such  as  to  cover  over  the  whole  surface  of  the 
calvaria. 

The  fluid  in  these  collections  varies  very  much  at  different  periods  :  it  may  be 
blood,  arterial  or  venous,  in  a  more  or  less  fluid  state  ;  or  a  thick  viscid  fluid  of  a 
dark,  bistre  colour ;  or  bloody  serum  with  clots,  or  serum  alone.  And  the  cavity 
containing  the  fluid,  formed  at  first  by  the  surrounding  tissues  only,  is  subsequently 
lined  by  a  perfectly-formed  membrane  possessing  all  the  attributes  of  an  original 
serous  tissue,  and  to  this  is  sometimes  added  a  thick  deposit  of  fibrine  disposed  in 
layers  such  as  are  found  in  an  aneurism. 

The  diagnosis  of  extravasations  of  blood  external  to  the  bone  is,  for  the  most  part, 
easy  ;  but  the  extravasation  with  a  hard  ridge  round  its  base  and  a  soft  centre  might 
be  mistaken  for  a  fracture  with  depression,  and  all  the  more  readily  may  such  an 
error  occur  when  the  swelling,  in  connection  with  a  lacerated  artery,  pulsates. 

In  the  treatment  of  these  external  extravasations  of  blood  there  is  generally  but 
little  to  be  done  ;  in  due  course  of  time  the  blood  is  absorbed.  But  it  occasionally 
happens  that  the  collection  persists,  and  even  increases  in  size,  and  under  such  cir- 
cumstances it  may  be  necessary  to  evacuate  the  fluid.  This  must  be  done  by  a  small 
puncture,  after  which  compression  is  to  be  made  over  the  whole  surface  of  the 
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swelling.  In  large  collections,  such  puncturings  may  have  to  be  repeated  several 
times ;  and  in  an  encysted  collection  of  large  size,  should  the  fluid  be  of  a  serous 
character,  and  recur  again  and  again,  an  iodine-injection  might  be  thrown  into  the 
pouch.  And  when  suppuration  occurs,  the  pouch  must  here,  as  everywhere  else,  be 
at  once  freely  laid  open. 

Extravasations  of  blood  in  the  diploe,  and  the  consequences  to  which  they  may 
give  rise,  have  already  been  dwelt  upon  in  the  previous  section. 

Extravasations  of  blood  between  the  bone  and  the  dura  mater  may  proceed  from 
the  small  vessels  passing  from  the  one  to  the  other,  or  from  some  of  the  large  vessels 
lodged  in  the  grooves  on  the  inner  surface  of  the  skull.  The  former  extravasations, 
generally  speaking,  are  of  small  size ;  but  the  latter  may  be  very  extensive,  widely 
separating  the  membrane  from  the  bone  over  the  greater  part  of  one  side  of  the  skull. 
Of  the  large  extravasations,  the  most  frequent  by  far  is  that  from  the  middle  men- 
ingeal artery.  Out  of  thirty-one  cases  of  fracture  of  the  skull,  accompanied  by 
extensive  extravasation,  the  blood  had  proceeded  from  the  middle  meningeal  artery 
or  its  branches  in  twenty-seven  cases.  Occasionally  the  extravasation  proceeds 
from  one  of  the  large  venous  sinuses,  and  of  these  the  lateral  is  more  commonly 
lacerated  than  any  other  sinus.  One  of  the  most  extensive  extravasations  of 
blood  between  the  bone  and  the  dura  mater  which  I  have  seen,  proceeded  from 
a  rupture  of  the  lateral  sinus,  just  as  it  turns  under  the  petrous  portion  of  the 
temporal  bone. 

The  spot  usually  referred  to  in  extravasation  of  blood  from,  the  middle  meningeal 
artery  is  the  anterior-inferior  angle  of  the  parietal  bone ;  but  extensive  extravasa- 
tions may  occur  from  this  vessel  or  some  of  its  branches  over  pretty  nearly  the  whole 
of  the  lateral  surface  of  the  skull.  In  fractures  involving  the  middle  fossa,  the  most 
common  of  all  the  fractures  of  the  base  of  the  skull,  this  vessel  may  be  torn  across 
in  any  part  of  its  course  between  the  foramen  spinosum  and  the  anterior-inferior 
angle  of  the  parietal.  And  in  the  middle  fossa  of  the  skull,  it  frequently  happens 
that  the  middle  meningeal  artery  divides  itself  into  two  large  branches  of  equal  size, 
one  proceeding  to  the  anterior  inferior  angle  of  the  parietal,  and  the  other  passing 
much  more  posteriorly,  which  send  large  ramifications  over  the  whole  of  the  parietal 
and  the  corresponding  parts  of  the  frontal  and  occipital.  A  fracture  running 
across  any  of  these  large  branches  may  give  rise  to  an  extensive  extravasation  of 
blood. 

A  collection  of  blood  between  the  bone  and  the  dura  mater  differs  widely  from 
extravasations  of  blood  in  other  parts  of  the  cranial  region.  It  always  presents  itself 
in  the  shape  of  a  hard  granular  mass,  breaking  down  with  great  difficulty,  even 
under  heavy  pressure,  and  adhering  most  firmly  to  the  parts  between  which  it  is 
lying ;  separating,  more  or  less  widely,  the  dura  mater  from  the  bone  ;  and  pressing 
upon  the  brain  itself,  sometimes  to  such  an  extent  as  to  produce  a  large  cup  like 
cavity  on  its  surface. 

It  has  been  doubted  whether  blood  between  the  bone  and  the  dura  mater  could 
be  absorbed  ;  but  in  one  instance,  where  the  patient  lived  for  a  few  weeks  after  the 
accident,  I  found  thus  situated  a  small  hard  clot,  which  had  already  lost  the  greater 
part  of  its  colouring  matter,  and  was  undergoing  the  process  of  absorption. 

The  symptoms  dependent  upon  an  extravasation  of  blood  between  the  bone  and 
the  dura  mater  vary  very  much.  In  small  extravasations  the  symptoms  may  be  but 
slightly  marked  ;  and  in  a  slow  outpouring  of  blood,  the  brain  may  have  time  to 
accommodate  itself  to  the  pressure.  In  well-marked  compression,  however,  the 
patient  is  generally  perfectly  insensible  :  the  breathing  is  slow  and  laboured,  often- 
times stertorous,  and  sometimes  accompanied  by  a  peculiar  whiff  at  the  corner  of  the 
mouth ;  the  pulse,  too,  is  slow  and  laboured  ;  the  pupils  may  be  either  contracted  or 
dilated,  and  the  eye  fixed  and  insensible  to  light ;  there  is  paralysis,  more  or  less 
complete,  of  one  side,  with  retention  of  urine  and  involuntary  discharge  of  faeces. 

The  symptoms  of  compression  bear  at  times  a  very  close  resemblance  to  the 
symptoms  of  concussion  and  of  contusion  of  the  brain,  so  much  so  in  some  cases  that 
it  may  become  a  difficult  matter  to  decide  as  to  the  exact  nature  of  the  inj  ury.  But, 
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however  alike  the  symptoms  of  compression  and  of  concussion  may  at  times  be, 
there  is  this  marked  difference  between  the  two  states — in  concussion,  the  effects  are 
instantaneous  ;  and  in  compression  from  extravasated  blood  some  little,  it  may  be  a 
very  short,  time  elapses  before  the  symptoms  manifest  themselves ;  in  the  former, 
also,  the  symptoms  gradually  pass  off,  but  in  the  latter  they  become  more  and  more 
marked. 

In  the  year  1839,  a  man  was  struck  with  a  spade  just  over  the  anterior- inferior 
angle  of  the  right  parietal ;  and  when  he  came  to  St.  George's  Hospital  a  few 
minutes  afterwards,  a  compound  fracture,  with  depression  of  a  small  piece  of  the 
skull,  was  detected,  but  there  were  no  cerebral  symptoms  whatsoever.  Shortly 
afterwards,  however,  the  patient  became  heavy  and  stupid  ;  and  coma  was  gradually 
supervening,  when  Mr.  Keate  arrived,  and  at  once  proceeded  to  remove  the  depressed 
bone,  whereupon  a  jet  of  blood  spirted  out  from  a  large  brancb  of  the  middle  menin- 
geal artery,  all  the  symptoms  of  compression  were  immediately  relieved,  and  the 
patient  recovered. 

In  this  case  there  was  no  doubt  as  to  the  symptoms  being  wholly  dependent  upon 
the  extravasation  of  blood  which  was  going  on  under  the  bone  ;  there  was  no  injury  of 
the  brain  itself,  and  the  interval  between  the  blow  and  the  symptoms  was  clearly 
marked.  But  had  concussion  of  the  brain  existed,  the  outpouring  of  blood  might 
have  taken  place  when  the  patient  was  insensible,  and  then  we  should  have  lost  our 
most  valuable  means  of  diagnosis,  the  '  interval  of  time.'  Again,  in  civil  hospitals, 
nearly  all  large  extravasations  of  blood  between  the  bone  and  the  dura  mater  coexist 
with  contusion  and  laceration  of  the  brain-substance.  The  post-mortem  records  of 
St.  George's  Hospital  show  that  within  the  last  few  years  there  have  been  twenty- 
five  cases  of  large  extravasations  of  blood  between  the  bone  and  the  dura  mater,  in 
all  of  which  the  brain  was  more  or  less  extensively  lacerated. 

Injuries  of  such  a  compound  nature  easily  explain  the  difficulties  as  to  the  diag- 
nosis, and  the  reason  why  the  trephine  is  so  seldom  applied  nowadays  for  extravasated 
blood ;  and  why  also,  when  resorted  to,  the  operation  so  seldom  succeeds. 

But  cases  now  and  then  occur  in  which  there  is  no  doubt  as  to  the  propriety  of 
applying  the  trephine,  and  in  which  its  application  is  followed  by  the  most  signal 
success.  Of  this  Mr.  Keate's  case  above  mentioned  affords  a  striking  illustration  ; 
and  in  the  year  1842  there  was  another  case  of  the  same  kind,  at  St.  George's  Hos- 
pital, under  the  care  of  Mr.  Tatum,  and  in  which  the  operation  was  equally  success- 
ful, the  patient  recovering. 

In  other  cases,  the  history  of  an  extravasation  of  blood  may  be  perfectly  clear, 
but  there  may  be  no  local  sign  as  to  the  seat  of  the  injury,  and  perhaps  even  nothing 
to  guide  us  as  to  which  part  of  the  head  was  struck.  Under  such  circumstances, 
operative  interference  is  out  of  the  question,  unless  paralysis  be  present. 

But  should  paralysis  exist  on  one  side,  we  may  infer  that  the  extravasation  of 
blood  is,  at  any  rate,  on  the  opposite  side ;  and  then  an  incision  over  the  lower  part 
of  the  corresponding  parietal  is  warranted  ;  for  a  fissur  e  of  the  skull  may  thus  be  laid 
bare,  the  trephine  applied,  and  the  patient  saved. 

In  the  cavity  of  the  arachnoid,  traumatic  extravasations  of  blood  occur  much  more 
frequently  than  in  any  other  part  within  the  skull.  Such  extravasations  are,  indeed , 
very  common,  and  much  more  so  than  is  usually  supposed.  Blood  is  found  in  the 
cavity  of  the  arachnoid  in  the  great  majority  of  sever  e  injuries  of  the  head  ;  and  I 
have  frequently  found  it  also  in  cases  where  the  injury  has  been  a  trifling  one, 
and  that  without  any  apparent  lesion  either  about  the  brain  or  its  membranes. 

In  the  majority  of  instances  the  blood  corresponds  to  the  cerebrum,  rar  ely  to  the 
cerebellum,  and  still  more  rarely  to  the  medulla  oblongata. 

Blood  extravasated  within  the  cavity  of  the  arachnoid  undergoes,  in  the  course 
of  time,  various  changes,  which  it  is  important  to  notice. 

In  the  earlier  stages,  the  blood,  when  coagulated,  is  flattened  and  moulded,  mem- 
brane-like, upon  the  parts  between  which  it  lies.  In  this  shape  I  have  frequently 
found  large  quantities  of  blood  spread  over  and  capping  both  hemispheres  of  the 
brain.    After  a  time  the  colouring-matter  of  blood  disappears,  more  or  less ;  and 
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thus  are  formed  the  membranes,  of  different  hues,  which  are  found  within  the 
arachnoid  after  an  injury  of  the  head.  In  slight  extravasations,  all  that  may  be 
found  after  a  few  days  is  a  mere  film,  so  delicate  and  so  slightly  tinged  as  easily  to 
escape  notice. 

In  the  great  majority  of  cases,  the  false  membrane  is  firmly  attached  to  the 
parietal  arachnoid  (fig.  73) ;  its  free  surface,  perfectly  smooth  and  polished,  presents 
the  appearance  of  a  serous  tissue;  and  its  structure  is  throughout  plentifully 
supplied  with  blood-vessels,  which  may  be  readily  seen  with  the  naked  eye.  I 
have  met  with  all  these  characters,  well  marked,  tbree-and-twenty  days  after  an 
injury. 

These  blood-membranes,  at  first  soft  and  pulpy,  may  subsequently  become 
leathery,  fibrous,  or  even  cartilaginous ;  and,  under  such  circumstances,  they  have 
been  referred  to  and  described  as  diseases  of  a  very  different  character,  and  especially 

Fig.  73. — Layer  of  coagulated  Blood  attached  to  the  Parietal  Arachnoid,  from  which 
it  has  been  separated  at  the  upper  part. 


chronic  inflammation.  Virchow  has  pointed  out  that  some  of  these  blood-cysts  pro- 
bably originate  in  haemorrhages  from  rupture  of  newly-formed  vessels  in  adventi- 
tious membranes  organised  from  inflammatory  exudation.1 

Extravasations  of  blood  into  the  cavity  of  the  arachnoid  not  unfrequently  give 
rise  to  appearances  of  a  most  deceptive  character.  The  blood,  glued  to  the  parietal 
arachnoid,  and  covered  over  by  a  thin,  polished,  serous-like  membrane,  looks  exactly 
as  if  the  extravasation  had  taken  place  between  the  dura  mater  and  its  arachnoid 
and  widely  separated  these  membranes  from  each  other.  But  the  true  nature  of 
these  cases  has  of  late  years,  and  especially  by  the  French  pathologists,  been  clearly 
made  out.2 

Instead  of  forming  simple  layers  of  membrane,  the  blood,  if  the  extravasation  is 
a  large  one,  may  in  the  course  of  time  give  rise  to  the  formation  of  a  large  perfectly- 
closed  bag,  in  which  are  contained  the  more  fluid  parts  (figs.  74,  75).  Such  blood- 
cysts  may  contract  more  or  less  extensive  adhesions  with  both  layers  of  the  arachnoid  ; 
but  they  are,  for  the  most  part,  glued  to  the  parietal  arachnoid  only  ;  and  in  some 
rare  cases,  they  have  been  found  lying  perfectly  loose  in  the  cavity  of  the  arachnoid. 
In  M.  Leriche's  case,3  the  blood-cyst  lying  loose  in  the  cavity  of  the  arachnoid  was 
an  inch  and  a  half  in  width  ;  and  it  covered  over  the  greater  part  of  the  upper 
surface  of  the  left  hemisphere,  where  it  had  imbedded  itself.  In  Dr.  Quain's  case,4 
the  cyst  fell  out  of  the  cavity  of  the  arachnoid  when  the  dura  mater  was  incised  ;  and 
measuring  in  length  seven  inches  and  a  half,  and  in  width  one  inch  and  a  half  at  its 

1  Virchow,  Krank.  Gesch.  Bd.  i.  s.  140. 

2  Prescott  Hewett,  'On  the  Ext.  of  Blood  into  the  Cavity  of  the  Arach.,'  Med.-Chir,. 
Trans,  vol.  xxviii.  p.  45. 

3  Bull,  de  la  Soc.  Anat.  de  Paris,  t.  x.  p.  5-5. 

4  Trans.  Path,  Sue.  Load.  vol.  vi.  p.  8. 
Vol.  I.  p  p 


578 


INJURIES  OF  THE  HEAD. 


broadest  part,  this  cyst  had  formed  a  corresponding  depression  on  the  upper  surface 
of  the  cerebral  hemisphere.  The  preparation  is  now  in  the  Museum  of  St.  George's 
Hospital. 

When  glued,  as  they  commonly  are,  to  the  parietal  arachnoid,  these  blood-cysts 
are  thoroughly  supplied  with  blood-vessels ;  and  thus  organised,  these  cysts  possess 
all  the  physiological  characters  of  an  original  serous  membrane.  They  secrete  ;  they 
absorb  ;  they  ha've  been  found  filled  with  clots  of  fibrine  and  blood-tinged  serum; 


Fig.  74. — Large  Blood-cyst,  attached  to 
the  Parietal  Arachnoid  ;  the  cyst  laid 
open  to  show  its  cavity. 


Fig.  75. — Another  large  open  Blood- 
cvst,  also  laid  open,  and  dissected  off 
from  the  Parietal  Arachnoid  in  the 
greater  part  of  its  extent. 


sometimes  they  contain  serum  alone,  of  various  colours;  and  oftentimes  in  the 
cavity  of  the  same  cyst  arc  found  clots  of  blood  of  various  colours,  some  recently 
effused,  and  others  of  long  standing. 

When  the  cyst  is  a  large  one,  it  presses  upon  the  corresponding  part  of  the  brain, 
the  convolutions  of  which  become  flattened  or  slightly  depressed,  presenting  a  cup-like 
surface,  and  the  corresponding  ventricle  is  contracted.  The  pressure  of  the  cyst,  in 
long-standing  cases,  diminishes  the  thickness  of  the  bones  ;  and,  in  some  cases,  when 
formed  in  early  childhood,  such  cysts  have  been  known  to  lead  to  bulging  of  the  bones 
outwards.1 

There  are  no  symptoms  which  will  enable  us  clearly  to  diagnose  an  extravasation 
of  blood  into  the  cavity  of  the  arachnoid. 

If  slight,  such  an  extravasation  may  lie  followed  by  no  symptom  whatsoever  ; 
and,  even  in  larger  quantities,  when  spread  out  in  membranous  layers,  the  blood  may 
produce  no  very  decided  symptoms  of  compression ;  and  most  frequently,  connected 
as  these  extravasations  are,  in  the  great  majority  of  cases,  with  some  severe  injury  of 


1  Lancet,,  1846,  vol.  i.  p.  41(5. 
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the  cerebral  substance  itself,  the  symptoms  of  one  lesion  are  mixed  np  with,  or  totally 
masked  by,  those  of  a  very  different  nature. 

But  should  symptoms  of  compression  follow  a  traumatic  extravasation  of  blood  in 
the  cavity  of  the  arachnoid,  they  will  be  the  same  as  those  of  a  collection  of  blood 
upon  the  outer  surface  of  the  dura  mater ;  and  a  surgeon  may  thus  be  led  to  apply 
the  trephine  under  the  supposition  that  the  blood  is  in  this  situation. 

And  now,  supposing  the  trephine  to  have  been  thus  applied,  and  no  blood  found 
between  the  bone  and  the  dura  mater,  still  the  blood  in  the  arachnoid  may  chance 
to  lie  immediately  under  the  spot,  and  the  dura  mater,  of  a  blue  colour,  may  bulge 
into  the  trephine-hole.  Under  such  circumstances,  blood  in  the  cavity  of  the 
arachnoid  has  several  times  been  let  out,  and  the  patient  saved.  When,  however, 
there  are  no  indications  of  the  blood  in  the  arachnoid  being  under  the  trephine-hole, 
there  is  nothing  to  justify  the  surgeon  in  proceeding  further. 

Traumatic  extravasations  of  blood  in  the  cavity  of  the  arachnoid  sometimes  give 
rise  to  a  permanent  affection  of  the  brai  n. 

In  Dr.  Quain's  case  above  cited,  in  which  a  large  blood-cyst  was  found  loose  in 
the  cavity  of  the  arachnoid,  the  injury  was  followed  by  constant  pain  in  the 
head,  great  irritability  of  temper,  despondency,  and  subsequently  by  fits,  which 
recurred  from  time  to  time.  In  Mr.  Fisher's  case,  published  by  Mr.  Hancock,1  the 
patient,  a  young  gentleman,  became  insane  after  a  violent  blow  on  the  head  from  a 
ci-icket  bat  or  ball,  and  in  this  state  he  remained,  with  occasional  lucid  intervals,  for 
fifteen  years,  and  all  that  was  found  after  death  was  an  enormous  encysted  collection 
of  blood  in  the  cavity  of  the  arachnoid.  And  in  Foville's  2  and  Blandin's3  cases, 
both  of  old  soldiers  in  whom  severe  injuries  of  the  head  were  followed  by  insanity, 
large  collections  of  blood  were  afterwards  found  encysted  in  the  cavity  of  the 
arachnoid. 

Traumatic  extravasations  of  blood  in  the  pia  mater  differ  in  many  respects  from 
those  in  the  cavity  of  the  arachnoid.  They  certainly  occur  less  frequently,  and  they 
very  rarely  exist  without  some  laceration  of  the  brain-substance.  Beneath  the 
arachnoid,  an  extravasation  of  blood  spreads  into  parts  far  away  from  the  original 
seat  of  the  injury,  and  the  whole  cerebellum  and  spinal  marrow  may  thus  be  covered 
with  blood  proceeding  from  a  laceration  of  the  cerebrum  only.  In  the  pia  mater, 
too,  an  extravasation  of  blood  never,  as  far  as  I  am  aware,  gives  rise  to  encysted 
collections  such  as  those  which  have  been  described  in  the  cavity  of  the  arachnoid. 

It  was  at  one  time  thought  that  these  widespread  extravasations  of  blood  in  the 
pia  mater  were  apt  to  produce  more  urgent  symptoms  than  those  collections  of  blood 
in  one  mass  which  give  rise  to  a  less  general  pressure  ;  but  further  experience  has 
not  confirmed  this  opinion,  and  it  is  now  admitted  that  there  are  no  symptoms  by 
which  an  extravasation  of  blood  in  the  pia  mater  can  be  recognised.  Neither  is 
there  any  possibility  of  these  extravasations  being  let  out,  even  supposing  the  dura 
mater  to  have  been  laid  open.  The  constant  infiltration  of  the  blood  in  the  pia 
mater  precludes  any  such  fortunate  result. 

Injuries  of  the  head  sometimes  give  rise  to  large  extravasations  of  blood  in  the 
structure  of  the  brain,  and  occasionally,  too,  the  ventricles  are  found  filled  with  blood 
after  injuries  of  this  hind.  But  in  dealing  with  such  cases  great  caution  is  necessary 
in  order  to  avoid,  if  possible,  mixing  up  cases  of  apoplexy  with  those  of  traumatic 
effusions.  An  accident  coexisting  with  an  extravasation  of  blood  in  the  cerebral 
substance  does  not  necessarily  imply  cause  and  effect ;  the  previous  condition  of  the 
brain  or  the  outpouring  of  blood  from  diseased  vessels,  may,  in  fact,  have  been  the 
cause  of  the  accident.  There  is  no  doubt  that  many  a  case  reported  as  one  of  trau- 
matic effusion  of  blood  in  the  brain  was  simply  a  case  of  apoplexy. 

Minute  extravasations  of  blood  in  the  brain  will  find  their  appropriate  place  in 
the  subject  of  '  Contusion  of  the  Brain.' 

Collections  of  blood  in  the  brain,  or  in  its  ventricles,  the  result  of  an  accident. 

1  Lancet,  1846,  vol.  i.  p.  416.  2  Diet,  fie  Med.  et  cle  Chir.  Prat,  t.  xi.  p.  40". 

3  Anat.  des  Regions,  2me  ed.  1834,  p.  36. 
p  p  2 
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may  run  through  the  numerous  and  well-known  changes  of  a  simple  apoplectic 
effusion.  Such  changes  seldom,  however,  take  place  in  traumatic  extravasations, 
which  are  generally  rapidly  fatal,  being,  as  they  are  for  the  most  part,  associated 
with  other  severe  lesions  of  the  cranial  contents. 

The  symptoms  of  a  traumatic  extravasation  of  blood  into  the  brain  are  the  same 
as  those  of  an  apoplectic  effusion.  And  the  treatment,  too,  must  be  precisely  similar. 
It,  as  well  ;is  all  other  treatment  of  intra-cranial  extravasations,  not  admitting  of 
operative  influence,  must  be  purely  medical. 


Fractures  of  the  Skull. 


These  fractures  may,  for  practical  purposes,  he  conveniently  divided  into  fractures 
of  the  vault,  and  fractures  of  the  base,  of  the  skull. 

Fractures  of  the  vault.  -In  the  vault,  most  of  the  fractures  are  direct ;  the  bone 
gives  way  at  the  spot  which  was  struck,  and  the  result  may  be  simply  a  fissure,  or 
the  bone  may  be  broken  into  fragments. 

The  lissure  is  most  frequently  not  limited  to  the  seat  of  the  injury;  sometimes 
it  spreads  through  various  bones,  and  oftentimes  reaches  from  the  vault  into  the 
base. 

The  comminuted  fracture  is  much  less  apt  to  spread ;  produced  by  a  more  or 
less  concentrated  blow,  such  a  fracture  is  for  the  most  part  limited  to  the  seat  of  the 
injury. 

The  comminuted  fracture  and  the  fissure  may  coexist,  and  this  especially  in  cases 
of  a  heavy  blow  acting  on  a  large  surface. 

Fractures  of  the  vault  may  be  limited  to  the  outer  or  to  the  inner  surface  of  the 
skull ;  but  such  fractures  by  far  most  commonly  extend  through  thcwhole  thickness 
of  the  bone.  The  broken  bone  may  either  retain  its  proper  level,  or  be  driven  out- 
wards or  inwards.  The  displacement  outwards  very  rarely  happens ;  there  are, 
however,  two  specimens  of  it  in  the  Museum  of 


Fig.  70. — Fracture 
ment  outwards. 
Museum.") 


of  the  Skull,  with  displace- 
(From   St.   George's  Hospital 


St.  George's  Hospital.  In  both 
specimens,  a  piece  involving  the 
whole  thickness  of  the  bone, 
having  been  detached  on  three 
sides,  is  bent  outwards,  and  thus 
raised  two  or  three  lines  above 
the  level  of  the  skull ;  the  frag- 
ment is,  however,  immovable,  as 
it  is  still  connected  at  one  side  to 
the  surrounding  bone,  the  ex- 
ternal table  of  which  is,  at  this 
part,  only  partially  fractured  ; 
the  appearances  may,  in  fact,  be 
said  to  resemble  the  lid  of  a  box 
partially  open.  In  one  instance 
the  injury  was  produced  by  a 
chisel  falling  from  a  great  height 
on  to  the  head ;  and  in  the  other, 
the  patient,  in  a  fall  from  a  great 
railings,  one  of  which  penetrated  the 


The  external  table 


height,  struck  his  head  upon  some  iron 
skull. 

The  displacement  inwards  is  of  very  common  occurrence, 
alone  may  be  driven  down  ;  and  this  may  happen  in  any  part  of  the  vault,  but 
especially  in  the  region  of  the  frontal  sinuses,  where  the  depression  may  be  very 
extensive,  without  any  injury  of  the  inner  table.  The  inner  table  alone  may  be 
broken  and  depressed,  without  any  trace  of  injury  about  the  outer  parts  of  the  bone. 
Gases  such  as  these  are,  it  is  true,  very  rarely  met  with  ;  but  extensive  splintering 
and  depression  of  the  inner  table  not  unfrequently  exist,  with  some  slight  injury  ot 
the  outer  table.     In  the  Museum  of  St.  George's  Hospital  there  is  a  skull  cap  (fags. 
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77,  78)  with  a  comminuted  fracture  of  the  inner  table  with  extensive  depression,  and 
in  the  outer  table  corresponding  to  this  there  are  merely  some  slight  cracks.  And 
in  another  preparation  in  the  Museum  of  St.  George's  Hospital,  with  splintering  and 
depression  of  the  inner  plate  alone,  there  is  a  simple  clean  cut,  of  half  an  inch  long, 
through  the  outer  layers  of  the  bone  :  the  boy  had  fallen  out  of  a  cart,  and  no  doubt 
the  bone  was  cut  by  some  sharp  piece  of  stone  lying  on  the  road.  In  his  remarks 
upon  this  important  subject,  it  was  to  sabre-cuts  that  Mr.  Guthrie  1  referred  espe- 
cially ;  but  such  appearances  about  fractures  of  the  skull  are  by  no  means  un- 
common in  civil  hospitals.    A  smart  blow  inflicted  on  the  skull  by  a  more  or  less 


pointed  instrument — a  nail,  the  corner  of  a  brick,  a  piece  of  flint,  the  angle  of  a  slate 
— may  produce  such  a  fracture. 

Fractures  with  depression  involving  the  whole  thickness  of  bone  present  some 
Varieties  deserving  of  notice.  There  may  be,  as  in  a  specimen  in  the  M  nscum  of  St. 
George's  Hospital,  a  single  line  of  fraeture 

extending  some  distance,  with  an  exten-  Fig.  70.— Depressed  Fracture  of  Skull,  in  an 
sive  over-riding  of  one  side  of  the  fracture.  oviil-shaped  piece,  driven  down  and  split. 
A  very  common  form  of  fracture  with 
depression  is  that  in  which  an  oval  piece 
of  bone  is  not  only  driven  down,  but  split 
longitudinally  into  two  fragments  which 
slant  towards  each  other,  the  depression 
being  much  greater  at  the  centre  than 
at  the  circumference.  With  such  appear- 
ances on  the  outer  surface,  the  fracture 
of  the  inner  plate  is  much  more  extensive 
and  much  more  irregular.  A  specimen  in 
the  Museum  of  St.  George's  Hospital  (fig. 
79)  affords  a  strongly-marked  instance  of 
this  form  of  fracture,  of  which  I  have  seen 
several  cases.  Such  a  fracture  is  com- 
monly produced  by  some  heavy  body  with  a  sharp  margin  applied  with  great  force  — 
a  quoit  or  a  horse-shoe.  But  perhaps  the  most  ordinary  form  of  fracture  with 
depression  is  that  in  which  several  fragments,  more  or  less  of  a  triangular  shape, 
had  their  points  extensively  driven  down  and  firmty  wedged  into  each  other,  whilst 
their  bases  still  remained  on  a  level  with  the  surrounding  bone.  Taken  as  a  whole, 
the  broken  portion  is  here,  too,  almost  always  of  an  oval  shape,  and  cracks  and  fis- 
sures involving  only  the  outer  table  are  frequently  found  disposed  around  the  depressed 
piece.    And  here  too,  whatever  be  the  extent  of  the  injury  in  the  outer  part,  that  on 


1  Inj.  of  Head,  p.  80. 
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the  inner  side  is  much  more  extensive  still.  And  so  it  is  in  all  ordinary  cases  of 
fracture  with  depression. 

The  more  extensive  splintering  and  depression- of  the  inner  table  of  the  skull  is 
usually  attributed  to  its  greater  density  and  consequent  brittleness ;  but  there  is 
no  doubt  that  the  direction  in  which  the  force  acts  tends  in  some  measure  to  produce 
these  effects.  Of  this  Mr.  Eiichsen  1  mentions  a  well-marked  example.  A  man 
fired  a  pistol  into  his  mouth,  and  the  ball  in  passing  out  of  the  skull  first  struck  the 
inner  and  then  the  outer  plate  of  the  vault.  The  result  was,  that  the  outer  plate 
was  much  more  extensively  splintered  than  the  inner  one. 

As  to  traumatic  depression  of  the  skull  without  a  fracture,  of  this  we  have  no 
well-authenticated  specimen  in  the  adult.  And  until  such  a  preparation  be  brought 
forward,  the  existence  of  this  form  of  injury  in  the  adult  ought  not  to  be  admitted. 
In  youn#  children  with  very  pliant  boues,  it  is  just  possible  that  such  an  accident 
might  occur;  but  even  here,  in  a  well-marked  depression,  some  of  the  bony  fibres 
must  have  given  way. 

A  wound  of  the  integument  leading  down  to  the  bone  may  accompany  every 
variety  of  fracture  of  the  vault.  And  in  these  compound  fractures,  the  injury  of  the 
bone  is  very  much  more  frequently  strictly  limited  to  the  seat  of  the  blow  than  it  is 
in  cases  of  simple  fracture.  Out  of  20  cases  of  compound  fracture  of  the  vault, 
the  injury  of  the  bones  was  thus  strictly  limited  to  the  seat  of  the  blow  in  8  cases, 
in  6  of  which  the  injury  was  produced  by  heavy  blows,  falls,  or  blunt  instruments, 
and  in  2  by  sharp  instruments.  But  out  of  56  cases  of  simple  fracture  this  strict 
limitation  existed  only  in  one  single  instance,  and  in  this  ca:-e  the  patient,  having 
fallen  off  his  coach-box,  had  struck  his  head  against  the  ground. 

Are  there  any  signs  by  which  we  can  in  all  cases  recognise  the  existence  of  a 
fracture  of  the  vault  %  No.  Fissures  involving  the  whole  thickness  of  the  vault  of 
the  skull  constantly  exist  without  ever  having  been  suspected  during  life ;  and  even 
an  extensive  and  a  comminuted  fracture  with  great  depression  of  the  fragments  may, 
and  often  does,  escape  notice,  when  the  broken  bone  lies  hidden  under  the  temporal 
muscle  or  under  a  large  extravasation  of  blood.  And,  on  the  other  hand,  an  extra- 
vasation of  blood  may  be  mistaken  for  a  fracture  with  depression,  and  so  too  may  an 
abnormal  depression  of  the  skull.  Such  a  deprsssion  may  depend  upon  a  congenital 
malformation,  or  be  produced  by  absorption  of  the  diploe  and  thinning  of  the  tables, 
as  sometimes  occurs  in  the  skull,  especially  in  elderly  persons. 

Accompanied,  however,  by  a  wound  leading  down  to  the  bone,  fractures  of  the 
vault  are,  in  general,  easily  detected ;  but  even  here  appearances  are  sometimes 
deceptive,  and  sutures  and  vascular  grooves  have  been  mistaken  for  fissures.  In 
some  of  these  cases  the  error,  no  doubt,  arose  from  carelessness;  but  an  abnormal 
disposition  of  a  suture  may  mislead  the  most  attentive.  And  unless  careful,  even  in 
compound  fractures  with  depression,  we  may  be  led  into  error  as  to  the  exact  condi- 
tion of  the  inner  plate  of  the  bone. 

There  is  also  on  record  2  a  singular  instance  of  the  appearances  which  may  lead 
to  an  error  in  diagnosis  as  to  a  compound  fracture  of  the  skull.  A  woman  was 
admitted  into  the  Hotel-Dieu  with  a  wound  in  the  temporal  region,  accompanied  by 
profuse  bleeding.  A  fragment  of  bone,  several  lines  in  length,  was  found  deep  in 
the  wound  and  quite  loose  ;  this  was  removed,  and  the  finger  then  passed  through 
an  opening,  the  circumference  of  which  was  unyielding.  The  case  was  at  once 
thought  to  be  one  of  compound  fracture,  with  separation  of  some  fragments.  But  it 
was  soon  remarked  by  a  bystander,  that  the  fragment  of  bone  which  had  beeu 
removed  was  dry,  and  quite  white,  as  if  it  had  been  macerated.  This  led  to  a  more 
careful  examination  of  the  wound,  and  it  was  discovered  that  the  supposed  hole  in 
the  skull  was  nothing  but  a  laceration  of  the  temporal  fascia,  and  the  fragment,  the 
innocent  cause  of  the  error,  turned  out  to  be  simply  a  piece  of  bone  which,  lying  on 
the  ground,  had  been  driven  into  the  temple  when  the  patient  fell. 

1  Op.  ext.  p.  278.  2  Denonvilliers,  TMse  de  VApp.  du  Trepan,  p.  10. 
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In  the  treatment  of  fractures  of  the  vault  of  the  skull  are  involved  some  of  the 
nicest  and  most  litigated  points  in  the  practice  of  surgery. 

And  first,  as  to  lineary  fracture  or  fissure.  Unaccompanied  by  brain-symptoms, 
such  fractures,  even  when  compound,  are  not  to  be  interfered  with  ;  the  wound 
must  be  treated  according  to  circumstances,  and  the  case  carefully  watched  for  some 
time.  Now  and  then  a  fissure  of  the  skull,  simple  or  compound,  is  followed  by  sup- 
puration bet  .veen  the  bone  and  the  dura  mater,  the  symptoms  and  treatment  of  which 
have  already  been  noticed  in  the  subject  of  '  Contusion  of  Bone.' 

A  few  years  back,  it  was  held  that  intra-cranial  inflammation  would,  in  all 
probability,  follow  a  fissure  of  the  skull  ;  and  hence  the  precept  of  Pott,1  '  that  per- 
foration is  absolutely  necessary  in  seven  cases  out  of  ten  of  simple  ixndepressed 
fracture  of  the  skull.'  But  of  inflammation  following  a  fissure,  one  case  only  was 
met  with  in  the  wards  of  St.  George's  Hospital  during  a  period  of  ten  years,  and  in 
this  case  there  was  a  wound  leading  down  to  the  bone.  The  case,  as  in  '  contusion 
of  the  bone,'  went  on  well  for  upwards  of  a  fortnight ;  and  then,  on  the  seventeenth 
day,  came  the  symptoms  of  intra-cranial  mischief,  and  death  followed,  notwithstand- 
ing the  application  of  the  trephine. 

The  principle  of  non-interference  also  holds  good  in  a  comminuted  fracture,  even 
with  depression  of  the  fragments,  provided  there  be  no  wound  of  the  scalp  and  no 
symptoms.  It  is  now  an  established  rule  in  our  metropolitan  hospitals  that  simple 
fractures  of  the  skull  with  depression  and  without  symptoms  are  to  be  left  alone. 
The  depression  may  be  so  marked  as  to  be  easily  detected  ;  and  yet,  so  long  as  theie 
are  no  symptoms,  all  operative  interference,  of  whatsoever  kind,  is  carefully  to  be 
avoided. 

In  such  a  case  the  recovery  may  be  as  rapid  and  as  uninterrupted  as  if  there  had 
been  no  depression  of  the  bone.  But  it  must  not  be  forgotten  that  such  a  depression 
may  at  any  subsequent  period  lead  to  internal  mischief  of  a  serious  nature ;  and  the 
patient  ought  to  be  put  upon  bis  guard  as  to  the  risks  which  he  for  the  future  may 
be  subjected  to. 

But  supposing  there  be  a  wound  leading  down  to  the  bone  in  a  depressed  fracture 
without  symptoms,  what  is  to  be  done  1  Are  we  to  operate  at  once,  or  not  ]  The 
rule  is,  that  we  are  to  operate,  and  at  once.  Compound  fractures  of  the  skull  with 
depression  must  frequently  lead,  as  demonstrated  by  Sir  A.  Cooper  and  Sir  B.  Brodie,'2 
to  intra-cranial  suppuration ;  and  hence  the  rule  laid  down  by  these  celebrated 
surgeons  that  we  are  to  operate  to  prevent  the  impending  mischief.  To  this  rule", 
however,  exceptions  ought  to  be  made.  A  slight  depression,  especially  when  it 
corresponds  to  the  thicker  parts  of  the  injured  bone,  does  not  require  an  immediate 
operation.  Neither  does  a  deep  in-driving  of  the  bone  over  the  frontal  sinuses;  but 
here  it  must  be  borne  in  mind  that  these  sinuses  do  not  begin  to  make  their  appear- 
ance until  several  years  after  birth.  And  should  a  compound  fracture  with  depres- 
sion chance  not  to  fall  under  the  notice  of  the  surgeon  until  some  days  after  the 
accident,  he  ought,  if  there  are  no  signs  of  inflammation,  to  abstain  from  operating  ; 
and  all  the  more  readily,  if  the  depression  is  a  broad  one,  and  the  fracture  comminuted. 
In  such  an  injury  the  patient  sometimes  recovers  without  any  intra-cranial  inflam- 
mation. But  in  the  punctured  fracture,  in  which  sharp  splinters  of  the  inner  table 
are  driven  down  upon,  or  into,  the  dura  mater,  inflammation  almost  invariably  arises 
sooner  or  later;  and  of  all  compound  fractuies  of  the  skull,  the  punctured  fracture 
is  on  this  account  the  most  dangerous,  and  the  one  which  most  imperatively  calls  for 
the  use  of  the  trephine.  And  closely  allied  to  these  punctured  fractures  are  those  in 
which  a  clean  cut  exists  in  the  outer  parts  of  the  bone,  with  a  more  or  less  extensive 
splintering  and  depression  of  the  inner  plate.  True  it  is  that  there  may  be  some  diffi- 
culty in  such  cases  in  ascertaining  the  exact  condition  of  the  bone ;  but  we  may  be  sure 
that  the  two  plates  are  separated  from  each  other,  and  the  inner  one  splintered  and 
depressed,  if  we  can  pass  a  probe  sideways  under  the  outer  parts  of  the  cut  bone,  and 
then  feel  the  inner  plate  some  distance  deeper. 

Sometimes,  in  these  compound  fractures  of  the  skull,  and  esjjecially  in  the 

1  Inj.  of  the  Head,  p.  130.  3  Med.-Chir.  Trans,  vol.  xiv.  pp.  401,  402. 
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punctured  fracture,  a  sharp  fragment  of  bone  may  be  seen  sticking  in  the  brain.  In 
such  a  case,  one  of  Colles'  1  practical  precepts  is,  that  all  attempts  at  removal  should 
be  postponed  for  a  few  days,  in  order  that  the  cerebral  substance  around  the  frag- 
ment may  have  time  to  consolidate  ;  but  in  such  a  case  I  cannot  help  thinking  that 
it  is  better  at  once  to  remove  the  piece  of  bone,  which  sometimes  comes  away  readily 
enough. 

In  the  fractures  which  we  have  been  considering,  operative  interference  may  be, 
and  often  is,  of  essential  service  ;  but  thus  far  we  have  dealt  with  the  most  favourable 
cases  only — those  cases  in  which  the  injury  of  the  bone  was  not  accompanied  by 
brain-symptoms. 

Passing  now  to  those  depressed  fractures  in  which  there  are  primary  brain-symp- 
toms, are  we  to  operate  in  all  such  cases  1  If  the  fracture  is  a  simple  one,  and  the 
symptoms  not  very  urgent,  we  may  postpone  the  operation,  and  see  what  can  be 
done  by  other  I'emedial  measures,  before  resorting  to  the  trephine.  Slight  symptoms 
may  perhaps  be  dependent  upon  concussion  of  the  brain,  or  upon  some  slight  pressure, 
either  by  blood  or  by  bone ;  and  such  symptoms  may  pass  off  under  the  influence  of 
judicious  treatment.  But  it  the  symptoms  are  urgent — if  they  indicate  a  decided 
pressure  upon  the  brain — then  operative  interference  becomes  necessary. 

And,  from  what  has  already  been  said,  it  follows  that,  with  a  wound  leading 
down  to  the  bone,  we  ought  to  operate  at  once.  If  the  symptoms  are  slight,  the  opera- 
tion may  be  successful  ;  but  if  the  symptoms  are  urgent — if  compression  of  the  brain 
is  decided  and  strongly  marked — there  is  every  probability  that  all  our  efforts  will 
be  unavailing  ;  for  in  such  cases  it  very  rarely  happens  that  the  brain-symptoms  are 
dependent  upon  the  depressed  bone.  The  severe  symptoms  in  fractures  with  depres- 
sion arise,  for  the  most  part,  from  extensive  extravasations  of  blood,  or  some  serious 
lesion  of  the  brain -substance  itself;  and  hence  the  reason  of  an  operation  being  so 
seldom  of  any  use.  Still,  notwithstanding  all  this,  it  is  our  duty  to  operate,  as  the 
symptoms  may,  after  all,  be  wholly  dependent  upon  the  bone.  Cases  are  certainly 
now  and  then  met  with  in  which  symptoms  of  a  very  urgent  nature  persist  so  long 
as  the  bone  remains  depressed,  and  are  relieved  only  by  its  removal.  Of  this,  the 
most  remarkable  case  is  Cline's,2  in  which  the  symptoms  continued  for  the  extra- 
ordinary period  of  thirteen  months,  and  still  were  relieved  by  the  removal  of  the 
bone. 

Asa  general  rule,  a  depressed  piece  of  bone  may  be  allowed  to  remain  in  a  child 
without  producing  the  serious  results  so  commonly  noticed  in  an  adult  ;  and,  conse- 
quently, we  may  in  a  child  postpone  the  elevation  or  removal  of  the  broken  bone, 
which  in  an  adult  we  should  proceed  to  operate  upon  at  once. 

In  operating  for  a  fracture  with  depression,  the  only  object  being  to  elevate  or  to 
remove  the  fragments  which  are  driven  down,  if  this  can  be  done  by  means  of  the 
elevator  only,  so  much  the  better.  Should  this  not  be  feasible,  sufficient  room  for 
the  elevator  must  be  gained  by  the  removal  of  a  slip  of  the  sound  bone  overhanging 
the  depressed  fragment;  and  this  is  to  be  done  by  Hey's  saw,  if  possible.  The  use  of 
the  trephine,  as  far  as  depressed  bone  is  concerned,  is  to  be  restricted  to  those  cases 
in  which  the  edge  of  the  fracture  is  regular,  and  without  corners,  and  care 
should  be  taken  to  remove  as  little  bone  as  possible.  No  irregular  margin  of  the 
inner  plate  should  be  left  pressing  upon  the  brain.  In  looking  over  the  skulls  in  our 
different  museums,  it  is  curious  and  most  instructive  to  observe  how  frequently  a 
shai^p  edge  of  the  inner  plate  of  the  bone  has  been  left  depressed. 

After  the  removal  of  parts  of  the  skull  the  protection  of  the  brain  is  left  to  the 
thickened  dura  mater  and  integuments,  for  it  rarely  happens  that  ossification  takes 
place  sufficiently  to  fill  up  the  gap.  Patients,  under  such  circumstances,  may  go  un- 
harmed for  years.  Occasionally,  however,  the  cicatrix  gives  way,  hernia  cerebri 
follows,  and  the  patient  dies.  Thus  it  happened  to  a  young  girl,  in  a  violent  fit  of 
coughing,  during  which  the  cicatrix  suddenly  gave  way.3  Such  yielding  of  the  scar 
is  not  necessarily  fatal,  for  the  laceration  may  close. 


1  Lect.  on  Surg.  vol.  i.  p.  173.  2  Med.-Chir.  Itev.  vol.  i.  p.  471. 

3  Edin.  Med.  Esmy?,  vol  ii.  p.  217. 
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Finally,  in  a  fracture  of  the  vault,  injury  of  a  large  venous  sinus  may  occur;  and 
in  a  compound  fracture,  such  an  injury  may  be  followed  by  alarming  haemorrhage, 
which,  however,  is  usually  easily  controlled.  Indeed,  M.  Chassaignac  '  states,  that 
he  had  not  been  able  to  find  on  record  a  single  instance  of  fatal  hemorrhage  from  a 
sinus  thus  wounded.  There  is,  however,  in  the  Museum  of  St.  George's  Hospital  a 
preparation  of  a  compound  fracture  of  the  skull  laying  open  the  left  lateral  sinus 
(figs.  80,  81);  and  in  this  case,  the  patient,  a  powerfully-built  man,  aged  51,  died  of 
repeated  attacks  of  haemorrhage. 

An  injury  of  one  of  these  venous  sinuses  may  also  lead  to  fibrinous  deposits  within 
the  sinus,  and  suppuration  with  all  its  secondary  consequences.  And  pyaemia  may, 
as  a  matter  of  course,  follow  any  fracture  of  the  vault ;  but  pyaemia  is  much  more 
frequently  met  with  in  the  slighter  injuries — scalp-wounds,  or  contusion  of  the  bone. 
Thus  in  twenty-three  cases  of  simple  scalp-wound  or  contusion  of  the  bone,  which 
ended  fatally  at  St.  George's  Hospital  within  the  space  of  ten  years,  purulent  infec- 
tion was  noticed  in  fourteen  instances ;  whereas  in  seventy -eight  cases  of  fracture 
terminating  fatally  within  the  same  period,  it  was  noticed  in  six  cases  only ;  and  even 
of  these,  five  were  compound  fractures.  The  fact  is,  that  in  far  the  greater  number 
of  fractures  the  patient  dies  long  before  the  period  at  which  purulent  infection 
usually  sets  in. 

Fractures  of  the  base. — Fractures  of  the  base  of  the  skull  are  either  direct  or  in- 
direct ;  that  is,  the  bones  either  give  way  at  the  spot  which  was  actually  struck,  or 
at  a  point  more  or  less  remote  from  the  seat  of  the  injury. 

Fig.  80. — Compound  Fracture  of  the  Skull,  Fig.  81. — Compound  Fracture  of  the  Skull, 

laying  open  the  lateral  sinus.     Outer  laying-  open  the  lateral  sinus.  Inner 

■view.  view. 


Tn  the  vault,  fractures  are,  as  we  have  seen,  for  the  most  part  direct ;  but  in  the 
base,  direct  fractures  are,  comparatively  speaking,  very  rare. 

At  certain  parts,  however,  the  bones  of  the  base  of  the  skull  are  remarkably  thin 
and  brittle ;  so  thin,  that  if  direct  pressure  is  brought  to  bear  upon  them  they 
readily  give  way.  Thus  scissors,  slate-pencils,  tobacco q^ipes,  bayonets,  have  been 
thrust  into  the  skull  through  the  orbits,  the  nostrils,  and  the  occipital  bone ;  and 
the  condyle  of  the  lower  jaw  has  even  been  driven  into  the  middle  fossa  of  the  skull. 

Thrust-wounds  in  these  regions,  and  especially  those  of  the  orbits  and  of  the 
nostrils,  are  of  great  importance,  from  the  readiness  with  which  the  brain  may  thus 
be  injured. 

Injuries  of  this  kind  occur  most  frequently  about  the  orbits,  and  in  no  class  ot 
cases  is  the  surgeon  more  likely  to  be  put  off  his  guard  as  to  the  exact  nature  and 
extent  of  the  injury.  At  first,  all  that  may  be  apparent  is  the  slight  injury  of  the 
external  parts — a  trifling  wound  of  the  upper  lid,  and  sometimes  not  even  this,  for 
the  instrument  may  have  slipped  under  the  lid,  and  left  merely  a  patch  of  ecchymosis 


1  Bes  Plaies  de  Tete,  1842,  p.  79. 
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on  the  conjunctiva.  Brain-symptoms  there  may  be  none.  Two  or  three  days  may 
pass  over,  during  which  the  patient  goes  about  as  usual  ;  then,  brain-symptoms 
make  their  appearance,  sometimes  suddenly,  and  the  patient  dies  in  the  course  of  a 
few  hours,  or  days,  and  the  true  nature  of  the  case  is  revealed  only  by  the  post- 
mortem examination.  Such  is  the  history  of  the  cases  recorded  by  Morgagni,1  Sir 
A.  Cooper,2  Sir  P.  Orampton,3  Guthrie,4  and  J.  Painter.5  In  other  cases,  recovery 
has  taken  place  notwithstanding  serious  injury  of  the  brain,  indicated  by  severe 
brain -symptoms,6  or  by  brain-protrusion.7  One  such  case  of  recovery  is  constantly 
quoted,  in  which  it  has,  however,  been  made  clear  that  the  brain  could  not  have 
been  injured.  Francois  de  Lorraine,  Due  de  Guise,  is  represented  8  as  haviug  re- 
covered after  a  lance  had  passed  immediately  above  the  eyeball,  and  through  a  part 
of  the  skull.  But  on  referring  to  the  report  of  the  celebrated  Ambroise  Pare,9  who 
had  charge  of  the  case,  it  has  of  late  been  proved  that  the  lance  did  not  pass  au- 
dessus,  but  ati-dessous  de  Pceil ;  and,  consequently,  that  the  skull  was  not  even 
injured. 

A  little  girl,  aet.  G  years,  falling  with  a  piece  of  slate-pencil  in  her  hand,  it  pierced  her 
right  eyebrow  near  its  inner  end,  and  broke  short  off.  Admitted  soon  after  into  the  Middle- 
sex Hospital  at  0  p.m.  in  May,  1870,  the  house  surgeon  took  out  of  the  wound  several 
splinters  composing,  he  thought,  the  whole  piece,  covered  the  wound  with  a  pad  of  lint,  and 
had  the  child  placed  in  bed.  Her  general  condition  did  not  betray  the  serious  nature  of  the 
injury.  She  slept  quietly  through  the  night,  and  next  morning  did  not  appear  much 
worse  for  the  accident.  In  the  afternoon,  when  I  then  first  saw  the  child,  I  detected  with 
a  probe  another  splinter  of  the  pencil,  and  enlarging  the  little  puncture  exposed  a  piece  of 
pencil  tightly  plugging  a  hole  in  the  bone.  Enough  of  this  was  cut  away  cautiously  with  a 
gouge  to  allow  the  pencil  to  be  grasped  with  a  forceps.  It  proved  to  be  shattered,  and 
splinters  representing  a  cylinder  three-quarters  of  an  inch  long  were  removed.  Intracranial 
inflammation  (indicated  by  convulsions,  delirium,  a  high  temperature  [103°  F.],  and  rapid 
pulse)  supervened.  On  the  ninth  day  after  the  injury  the  temperature  fell  to  97 '5°  F.  (the 
child  had  passed  a  quiet  night,  and  took  her  food  better),  and  from  this  date  it  continued 
subnormal  or  only  slightly  exceeded  the  normal  average  until  the  sixteenth  day,  when  it  rose 
suddenly  to  1043  F.  With  this  elevation  of  temperature  there  were  associated  restlessness, 
delirium,  a  flushed  face,  screaming,  vomiting,  convulsions,  and  coma.  Death  occurred  about 
twenty-four  hours  later.  At  the  necropsy  a  large  abscess  was  found  in  the  frontal  lobe  of 
the  right  cerebral  hemisphere.  It  enclosed  a  piece  of  pencil  about  one  inch  long,  and  it  had 
evidently  quite  recently  burst  into  the  anterior  horn  of  the  lateral  ventricle.  It  is  a  matter 
of -regret  that  the  trephine  was  not  employed  instead  of  cutting  away  the  bone  around  the 
pencil,  which  had  the  effect  of  loosening  the  splinters,  and  contributed  to  the  fatal  mistake 
that  the  whole  piece  of  pencil  bad  been  removed. — J.  \V.  II. 

What  has  just  Leen  said  of  direct  fractures  of  the  orbit  applies  equally  to  thrust- 
wounds  through  the  nostrils.  Whilst  fencing  with  a  walking-cane  with  one  of  his 
comrades,  a  soldier  was  hit  on  the  nose;  but  the  only  appearance  of  inj my  was  a 
small  puncture,  not  larger  than  a  leech -bite,  on  the  left  ala.  The  man  died  a  few 
days  afterwards,  with  brain-symptoms  ;  but  the  exact  nature  of  the  case  was  never 
even  suspected.  At  the  post-mortem  examination,  however,  the  brass  ferrule  of  the 
walking-cane  was  found  in  the  skull,  close  to  the  left  side  of  the  sella  turcica,  and 
this  had  led  to  extensive  inflammation  of  the  membranes  of  the  brain.10 

A  diiect  fracture  of  the  base  has  also  happened  by  the  condyle  of  the  lower  jaw 
being  forcibly  driven  against  its  fossa,  the  diaphanous  plate  of  which  it  has  broken 
through.  Of  this  fracture  thers  is  a  specimen  in  the  Museum  of  St.  George's 
Hospital.  The  bottom  of  the  left  glenoid  fossa  is  broken,  and  the  condyle  of  the  jaw 
projects  slightly  into  the  cavity  of  the  skull.  But  a  still  better-marked  case  is  that 
quoted  by  M.  Chassaignac,11  in  which  the  right  condyle  of  the  lower  jaw  was  driven 
into  the  skull  by  a  fall  from  a  great  height  on  to  the  chin.  The  man  lived  for  be- 
tween five  and  six  months,  during  which  he  always  complained  more  or  less  of  his 

I  Lett.  51,  vol.  iii.  p.  121.  2  Led.  on  Surq.,  Tvrell,  vol.  i.  p.  295. 
3  Dublin  Jour.  1851,  p.  352.  4  Inj.  of  Head,  p.  137. 

0  Dublin  Jour.  1851.  p.  353.  0  Morgagni,  Lett.  51,  vol.  iii.  p.  123. 

7  Lancet,  1837-38,  vol.  ii.  p.  L6.  8  Buyer,  Mai  Chir.  t.  v.  p.  83,  4e  edit. 

9  CEuvres  de  Pat  e,  edit.  Milgaigne,  Paris,  1840,  t.  ii.  p.  25. 

10  Dublin  Jour.  1851,  p.  347. 

II  Vlaies  de  Tete,  p.  158;  Jour.  Uebd.  t.  iii.  No.  37,  Sept.  1834. 
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head,  and  ultimately  died  with  brain-symptoms.  The  right  condyle  of  the  lower  jaw- 
was  found  pressing  against  the  middle  lobe  of  the  brain,  in  which  there  was  a  large 
abscess. 

Indirect  fractures  of  the  base  of  the  skull  are  so  very  common,  that  they  form  by 
far  the  greater  part  of  the  fatal  injuries  of  the  head  occurring  in  our  civil  hospitals. 
Such  fractures  were,  for  the  most  part,  and  for  a  long  time,  looked  upon  as  fractures 
by  contre-coup.  But  modern  researches  have  proved  that  fractures  by  contre-coup 
are  very  rare  at  the  base  of  the  skull ;  and  a  close  analysis  of  fractures  of  the  base 
shows  that  the  bones  of  this  region  may  be  broken  in  different  ways. 

A  blow  upon  the  perpendicular  portion  of  the  frontal  may  give  rise  to  a  fracture 
of  the  orbitar  plate  of  this  bone,  without  any  injury  whatsoever  being  perceptible  in 


Fracture  of  tlie  Skull,  caused  by  the  condyle  of  the  jaw. 
Fig.  8:?.— Outer  surface.  Fig.  83.— Inner  surface. 


a  shows  the  condyle  projected  slightly  into  the  cavity  of  the  skull. 


the  intervening  osseous  tissue.  Of  this  an  example  happened  at  St.  George's  Hospital 
in  the  year  1849,  and  a  very  similar  case  is  related  by  Boyer.1 

The  central  bones  of  the  base  may  be  the  only  bones  broken  when  the  front  and 
back  part  of  the  head  have  been  caught  between  two  opposing  forces. 

Fractures  of  the  base  may  also  be  produced  by  the  force  acting  from  below  up- 
wards, the  shock  being  transmitted  through  the  intermedium  of  the  spinal  column ; 
and,  as  in  the  previous  instances,  the  bones  broken  may  be  far  away  from  the  spot 
which  was  struck.  Alighting  on  the  knees,  or  on  the  feet,  in  falls  froni  great  heights, 
gave  rise,  in  one  instance,2  to  a  breaking  off  of  the  apex  of  the  light  petrous  bone, 
and  of  both  posterior  clinoid  processes  ;  in  another  instance,3  to  a  fracture  also  of 
the  light  petrous  bone,  and  a  slight  fracture  of  the  same  side  of  the  sella  turcica ; 
and  in  a  third  instance,4  the  only  bone  broken  about  the  skull  was  the  cribriform 
plate  of  the  ethmoid  ;  every  other  bone  in  this  region  was  perfectly  sound. 

But  fractures  such  as  these  are,  one  and  all,  of  rare  occurrence,  and  but  very  few 
such  cases  are  recorded  by  modern  surgeons. 

Impulsion  of  the  spinal  column  forcibly  against  the  condyles  of  the  occipital  bone 
is  supposed  by  some  surgeons  to  be  the  cause  of  the  fractures  so  frequently  observed 
at  the  base  of  the  skull.  Such  was  Earle's  opinion,5  and  Sir  B.  Brodie  states  that 
his  own  experience  corresponds  very  nearly  with  that  of  Earle ;  and  lately,  Mr. 
Hilton,  in  his  valuable  '  Lectures  on  the  Cranium  '  (p.  61),  comes  to  the  conclusion 
that  the  frequency  of  the  fractures  occurring  through  the  petrous  bone  is  dependent 
upon  the  forcible  impulsion  of  the  spine  against  the  occipital  bone. 


1  Journ.  de  Med.  aoiit  176(3,  Paris.  2  Journ.  TExper.,  novembre  1843. 

3  Bull,  de  la  Soc.  Anat.  de  Paris,  1848,  p.  193.  4  Ibid.  1848,  p.  258. 

6  Sir  B.  Brodie,  Med.-Chir.  Trans,  xiv.  p.  329. 
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That  certain  fractures  of  the  base  may  be  thus  produced  there  is  no  doubt ;  but 
that  most  of  the  fractures  of  this  region  happen  otherwise  has,  I  think,  been  proved 
also  beyond  a  doubt.  A  fracture  of  the  base  may  be  strictly  limited  to  the  front, 
middle,  or  back  part  of  this  region  of  the  skull ;  and  preparations  illustrating  these 
different  fractures  have  for  many  years  past  been  in  the  Museum  of  St.  George's 
Hospital.  But,  as  far  as  I  know,  Dr.  Aran  1  was  the  first  to  prove,  by  experiments, 
how  certain  fractures  came  to  be  strictly  limited  to  certain  regions.  In  precipitating 
a  large  number  of  bodies  from  various  heights  on  to  the  head,  Dr.  Aran  found  that 
the  part  of  the  vault  which  first  struck  the  ground  gave,  as  it  were,  the  key  to  the 

Ftg.  84. — Fracture  limited  to  Anterior  Fossa.     Fro.  85,  —Fracture  limited  to  Middle  Fossa. 


Fig.  8C- 


-Fracture  limited  to  Posterior 
Fossa. 


fracture  which  would  take  place  at  the  base.  Similar  results  were  also  obtained 
when  diffused  blows  were  dealt  upon  different  parts  of  the  skull  by  means  of  a  large 
and  heavy  hammer. 

In  the  front  part  of  the  vault,  injuries  thus  produced  led  to  a  fracture  of  the 
anterior  fossa  ;  in  the  middle  part  of  the  vault,  they  led  to  fracture  of  the  middle 

fossa ;  and  at  the  bach  of  the  head,  to  a 
fracture  of  the  posterior  fossa.  In  no  single 
instance  was  a  fracture  detected  at  the  base, 
without  a  line  of  fracture  in  the  corresponding 
part  of  the  vault. 

Taking,  then,  these  experiments  of  Dr. 
Aran's,  it  will  be  found  that  the  line  of  frac- 
ture, instead  of  beginning  at  the  base,  starts 
from  that  part  of  the  vault  which  was  first 
struck,  and  stretches  from  thence  into  the 
base.  And  the  truth  of  this  has  been  proved 
by  an  analysis  which  I  made  of  all  the  cases 
of  fractured  base  of  the  skull  admitted  into 
St.  George's  Hospital  during  a  period  of  ten 
years,  in  the  great  majority  of  which  the  cause  of  the  fracture  was  either  a  fall 
from  a  great  height,  or  a  blow  from  some  heavy  instrument. 

Rut,  to  trace  out  these  fractures  accurately,  the  skull  must  be  divided  into  three 
different  zones  or  segments  :  an  anterior  zone,  formed  by  the  frontal,  the  upper  part  of 
tl  e  ethmoid,  and  the  frpnto- sphenoid  ;  a  middle  zone,  by  the  parietals,  the  squamous 
and  the  anterior  surface  of  the  petrous  portions  of  the  temporals,  with  the  greater 

1  Arch.  gen.  de  Med.  ive  aer.  t.  vi.  p.  180. 
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part  of  the  basi -sphenoid ;  and  a  posterior  zone,  including  the  occipital,  the  mastoid, 
and  the  posterior  surface  of  the  petrous  portions  of  the  temporals,  with  a  small  part 
of  the  body  of  the  sphenoid. 

With  the  skull  thus  divided,  the  line  of  fracture,  in  the  less  severe  cases,  is 
strictly  limited  to  one  of  these  zones.  Out  of  twenty-five  cases,  the  line  of  fracture 
was  found  to  be  thus  strictly  limited  :  to  the  anterior  zone  in  five  cases ;  to  the 
middle  one  in  fourteen  cases ;  and  to  the  posterior  one  in  six. 

In  severer  cases,  the  line  of  fracture  starting  from  the  vault  spreads  into  two  of 
the  fossae  at  the  same  time,  and  this  is  readily  accounted  for  by  the  position  of  the 
middle  fossa,  which,  wedged  in  between,  and  firmly  articulated  with,  the  bones  of 
other  fossae,  either  receives  or  transmits  the  injury.  Thus,  out  of  twenty-nine  cases 
in  which  the  line  of  fracture  occupied  two  of  the  fossae  at  the  same  time,  in  fourteen 
it  was  the  middle  and  anterior  fossae  which  were  implicated ;  and  in  fifteen,  the 
middle  and  posterior. 

In  the  most  severe  cases,  all  three  fossae  may  be  implicated  at  the  same  time ; 
but,  within  the  ten  years,  this  happened  only  in  ten  cases. 

Such  an  analysis  points  out,  moreover,  that  the  middle  fossa,  either  alone  or  in 
combination  with  the  other  fossae,  is  the  region  in  which  fractures  most  frequently 
occur.  Out  of  the  sixty -four  cases,  the  middle  fossa  was  broken  in  no  less  than 
fifty-three  cases. 

In  the  severer  forms  of  injury  there  may  be,  in  various  parts  of  the  base,  some 
small  circumscribed  fractures  in  addition  to,  and  having  no  connection  with,  the 
main  line  of  fracture.  Thus,  the  roof  of  the  orbit  is  sometimes  broken  independently 
of,  and  away  from,  the  principal  fracture ;  and  so,  too,  may  the  posterior  clinoid  pro- 
cesses be  thus  broken. 

The  only  synyrtoms  that  can  be  depended  upon  as  indicative  of  fractured  base  of 
the  skull,  are  connected  either  with  an  escape  of  some  of  the  contents  of  the  skull, 
or  with  an  injury  done  to  the  nerves  as  they  are  emerging  from  the  skull. 

The  contents  of  the  skull  which  may  escape  in  a  fracture  of  the  base  are  blood, 
watery  fluid,  or  brain- substance. 

In  order  that  the  escape  of  blood  may  take  place,  the  line  of  fracture  must  run  in 
certain  given  directions ;  it  must  in  its  course  involve  some  of  the  large  vascular 
channels  lying  at  the  base,  and  it  must,  moreover,  open  a  road  through  which  the 
blood  can  get  out  of  the  skull  into  some  part  where  its  escape  may  be  visible. 

A  fracture  at  the  base  may  manifest  itself  by  an  escape  of  blood  into  the  cellular 
tissue  of  the  orbit  and  eyelids  ;  by  bleeding  at  the  nose,  or  subsequent  vomiting  of 
blood  ;  by  bleeding  from  the  ears ;  by  an  escape  of  blood  into  the  cellular  tissue  in 
the  mastoid  region,  or  into  that  of  the  back  of  the  head. 

The  blood,  at  first  poured  out  at  the  back  of  the  orbit,  soon  makes  its  way 
forward ;  readily  infiltrating  the  loose  cellular  tissue  at  this  region,  it  first  shows 
itself  under  the  ocular  conjunctiva,  and  subsequently  spreads  into  the  eyelids.  It 
is  the  effusion  of  blood  under  the  ocular  conjunctiva  which  must  guide  us  in  our 
diagnosis,  and  for  this  purpose  the  efl'usion  must  not  consist  of  a  few  patches  only  ■ 
it  must  extend  into  the  cellular  tissue  of  the  orbit  beyond  our  sight.  As  to  the  lids, 
the  lower  one  generally  becomes  discoloured  before  the  upper  one. 

Efl'usion  of  blood  under  the  ocular  conjunctiva  is,  then,  the  sign  by  which  a 
fracture  of  the  front  part  of  the  base  may  be  recognised.  But  a  fracture  of  this 
region  may  exist  without  any  effusion  of  blood  under  the  ocular  conjunctiva,  or  the 
lids  only  may  be  discoloured ;  and  in  such  cases  it  must  be  borne  in  mind  that,  how- 
ever extensive  the  fracture,  it  cannot  be  diagnosed. 

Out  of  twenty- three  cases  of  fractured  base,  involving  more  or  less  extensively 
the  orbitar  plates  of  the  frontal,  all  of  which  occurred  at  St.  George's  Hospital 
within  the  space  of  ten  years,  it  was  found,  in  eight  cases,  that  there  were  no  traces 
of  extravasated  blood  to  be  seen  either  in  the  eyelids  or  under  the  ocular  conjunctiva ) 
and  in  five  cases,  that  the  effusion  of  blood  occupied  the  eyelids  only  :  so  that  in 
these  thirteen  cases  there  could  have  been  no  suspicion  whatever  as  to  the  existence 
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of  a  fracture.  Bnt,  on  the  other  hand,  the  nature  of  the  injury  was  marie  manifest 
in  the  ten  remaining  cases  by  the  blood  effused  under  the  ocular  conjunctiva  and  in 
the  lids. 

Blood  may,  however,  be  effused  into  the  lids,  and  under  the  ocular  conjunctiva, 
in  fractures  of  the  malar,  or  of  the  superior  maxillary,  bones  ;  and  this  may  give  rise 
to  an  error  in  diagnosis.  But  such  cases  are  of  rare  occurrence.  One  was  published 
some  years  back  by  Mr.  Holmes.1 

Effusion  of  arterial  blood  at  the  back  of  the  orbit,  in  consequence  of  a  fractured 
base,  may  ultimately  lead  to  a  traumatic  aneurism,  which  may  go  on  increasing  in 
size,  and  thus  imperatively  call  for  surgical  interference.  Several  such  cases  have 
been  recorded.2 

Bleeding  from  the  nose  or  mouth,  or  vomiting  of  blood,  occurs,  not  unfrequently, 
after  injuries  of  the  head  ;  but  the  great  vascularity  of  the  membrane  lining  these 
cavities  renders  this  bleeding  much  less  valuable  as  a  diagnostic  sign  of  fractures  of 
the  base  than  that  which  proceeds  from  the  ear.  Still,  if  the  bleeding  be  copious? 
and  especially  if  it  continue  for  some  time,  there  is  no  doubt  that  it  becomes  a 
symptom  of  great  val  ue  as  a  means  of  diagnosis.  Out  of  thirty-two  cases  of  fractured 
base,  implicating  the  central  bones  of  this  region,  all  of  which  occurred  at  St.  George's 
Hospital  in  the  space  of  ten  years,  bleeding  from  the  nose  or  mouth,  or  subsequent 
vomiting  of  blood,  was  present  in  no  less  than  fourteen  instances.  The  symptoms 
in  these  cases  were  such  as  to  lead  to  the  belief  that  a  fracture  existed  in  some  of  the 
bones  of  the  base  corresponding  to  the  pharynx  or  nose  ;  and  dissection  proved  that 
out  of  the  fourteen  cases,  the  fracture  was  confined  in  four  cases  to  the  ethmoid ;  in 
three,  to  the  body  of  the  sphenoid;  and  in  one  it  extended  not  only  through  these 
bones,  but  through  the  basilar  also. 

In  the  vomiting  of  blood,  proceeding  from  a  fractured  base,  it  not  unfrequently 
happens  that  the  fluid  thrown  up  is  of  a  dark  bistre  colour;  having  been  swallowed, 
the  blood  has  been  acted  upon  by  the  gastric  juice. 

Bleeding  from  the  ears,  in  severe  injuries  of  the  head,  is  deservedly  considered 
one  of  the  most  valuable  diagnostic  signs  of  fractured  base.  But  this  bleeding,  to  be 
of  diagnostic  value,  must  be  copious,  and  it  must  continue  for  some  time.  With 
such  a  bleeding,  it  may  be  safely  diagnosed  that  there  is  a  fracture  of  the  base 
running  through  the  petrous  bone,  and  opening  up  a  communication  between  the 
cavity  of  the  tympanum  and  some  of  the  numerous  and  large  vascular  channels 
which  surround  this  bone,  or  with  an  extravasation  of  blood  within  the  cranium 
itself. 

Out  of  thirty- two  carefully  dissected  cases  of  fracture  of  the.  middle  fossa  implica- 
ting the  petrous  bone,  the  flow  of  blood  from  the  ear  was  profuse  and  continuous 
in  fifteen  cases,  and  in  all  these  cases  the  diagnosis  of  the  injury  was  clear. 

On  the  other  hand,  fractures  of  the  temporal  bone  frequently  occur  in  which 
there  is  no  sign  that  can  lead  to  the  supposition  of  such  an  injury.  In  such  cases, 
either  the  line  of  fracture  does  not  extend  into  the  tympanum,  or,  if  it  does,  the 
membrana  tympani  is  not  ruptured,  and  the  blood  cannot  consequently  get  into  the 
external  meatus.  Thus,  in  twelve  of  the  seventeen  remaining  cases,  the  tympanum 
was  not  involved  in  the  fracture,  and  in  the  other  five  cases  the  tympanum  was 
fractured,  but  the  membrana  tympani  was  not  ruptured. 

In  those  cases  in  which  a  fracture  of  the  petrous  bone  communicates  with  one  of 
the  venous  sinuses  on  the  inside  of  the  skull,  and  in  which  there  is  no  rupture  of  t  he 
membrana  tympani,  there  can  be  no  bleeding  from  the  ear;  but,  in  such  cases,  the 
blood  poured  into  the  cavity  of  the  tympanum  soon  finds  its  way  through  the  Eusta- 
chian tube,  so  that  there  may  be  bleeding  from  the  nose  or  from  the  mouth,  or  sub- 
sequent vomiting  of  blood.  Of  this,  careful  dissections  leave  no  doubt.  And  this 
passing  of  blood  from  the  cavity  of  the  tympanum  through  the  Eust  achian  tube  may 
even  take  place  when  there  is  a  rupture  of  the  membrana  tympani ;  so  that,  in  some 

1  Association  Medical  Journal,  1855,  p.  f)67. 
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few  cases  of  fractured  petrous  bone,  we  may  actually  have  bleeding  both  from  the 
ear  and  from  the  nose  at  the  same  time. 

Extravasation  of  blood,  and  consequent  discoloration  of  the  skin,  appearing  in 
the  mastoid  region  some  hours  after  a  severe  injury  of  the  head,  may  lead  to  the 
suspicion  of  a  fracture  involving  the  posterior-  part  of  the  base ;  and  all  the  more 
valuable  will  this  sign  become,  if  the  injury  did  not  bear  directly  upon  this  region, 
and  especially  if  it  bore  upon  the  opposite  side  of  the  head. 

A  discoloration  of  the  integuments  of  the  lateral  parts  of  the  neck,  appearing 
subsequent  to  an  injury  of  the  head,  may  also  serve  as  a  guide  to  the  diagnosis  of  a 
fracture  of  the  base.  The  blood  oozing  from  the  fractured  skull  gradually  infiltrates 
the  cellular  tissue  of  the  neck,  and  thus  ultimately  reaches  the  skin,  which  becomes 
discoloured,  as  if  bruised. 

And  puffiness  in  the  occipital  region,  with  discoloration  of  the  skin,  some  hours 
after  a  severe  injury  on  this  part  of  the  head,  may  also  be  of  use  in  the  diagnosis  of  a 
fractured  base.  The  large  venous  sinuses  connected  with  the  occipital  may,  when 
this  bone  is  broken,  be  torn  across,  and  thus  give  rise  to  an  extravasation  of  blood, 
which,  gradually  oozing  through  the  line  of  fracture,  may  ultimately  show  itself  in 
the  superficial  parts,  and  thus  reveal  the  nature  of  the  injury. 

Fractures  of  the  base  of  the  skull,  even  when  clearly  recognised,  lead  but  very 
seldom  to  operative  interference.  All  our  treatment  must  be  directed,  not  against 
the  broken  bones,  but  against  the  accompanying  cerebral  lesions.  In  some  rare 
instances  we  may,  however,  have  to  resort  to  an  operation,  even  in  the  base  of  the 
skull.  Thus  in  a  comminuted  fracture,  with  depression,  I  have  seen  a  fragment 
removed  which  proved  to  be  the  greater  part  of  the  roof  of  the  orbit.  And  the 
trephine  has  been  applied,  and  successfully  too,  close  to  the  foramen  magnum.1 

What  occurs  about  the  broken  bones,  when  the  patient  survives  a  fractured  base? 
Does  union  take  place  1    And,  if  so,  by  what  medium  are  the  broken  bones  united  1 

In  some  cases,  even  after  a  lengthened  period — months,  and  years — no  trace  of 
union  has  been  found.  In  other  cases,  the  line  of  fracture  has  been  found  united 
partly  by  dense  fibrous  tissue,  and  partly  by  a  thin  layer  of  inlaid  bone.  And  in 
other  cases,  again,  bony  union  has  been  perfect,  and  throughout  the  whole  line  of 
fracture.  In  some  cases  of  bony  union,  porous  bone  has  been  found  heaped  up  along 
the  sides  of  the  line  of  fracture  on  the  inner  sides  of  the  skull ;  and  when  the 
fracture  passes  through  one  of  the  sinuses,  this  heaping  up  of  bone  may  be  such 
that  the  channel  becomes  blocked  up. 

Separation  of  the  sutures. — A  question  Jias  arisen  whether  a  separation  of  the 
sutures  can  possibly  occur,  without  the  bones  being  in  some  way  or  another 
broken.  As  might  well  be  supposed,  from  the  nature  of  the  articulations  about  the 
skull,  a  separation  of  suture  without  a  fracture  is  a  very  rare  form  of  injury.  I  have 
observed  it  but  once.  It  occurred  in  the  back  part  of  the  squamo-parietal  suture. 
The  temporal  having  been  slightly  separated  from  the  parietal,  and  driven  upwards, 
these  bones  presented  at  first  sight  the  appearance  of  a  fracture  with  depression. 

In  every  other  case  in  which  I  have  met  with  a  separation  of  the  sutures,  it  has 
always  been  in  connection  with  extensive  fractures  stretching  into  the  base.  Thus, 
in  seventy-eight  cases  of  fractured  skull,  there  were  fourteen  cases  in  which  there 
was  extensive  separation  of  the  sutures,  two  or  more  of  which  were  sometimes  im- 
plicated at  the  same  time. 

As  to  the  frequency  with  which  the  various  suttees  give  way,  an  analysis  of 
these  fourteen  cases  proves  that  separation  of  the  coronal  suture  occurred  in  seven 
cases;  in  the  lambdoid,  it  occurred  in  six  cases  ;  in  the  sagittal,  in  four  ;  in  the  petro- 
occipital,  in  one  ;  in  the  temporo-parietal,  in  one  ;  and  in  the  spheno-parietal,  in  one. 
It  sometimes  happens,  when  several  sutures  have  given  way  at  one  and  the  same 
time,  that  a  whole  bone  becomes  detached  from  the  other  bones.    Thus,  in  one  case. 
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where  there  was  complete  Separation  of  the  coronal  suture,  the  frontal  was  at  the 
same  time  extensively  separated  from  its  connections  with  the  other  hones  of  the 
skull,  and  thus  all  but  isolated. 

This  separation  of  the  sutures  is,  as  a  matter  of  course,  most  likely  to  occur  before 
the  adult  period  of  life,  and  when  the  hones  have  not  yet  been  soldered  together.  It 
has,  however,  happened  at  an  advanced  age,  as  proved  by  a  case  of  Morgagni's,1-  in 
which  the  patient  was  sixty  years  old. 

Coexisting,  as  separation  of  the  sutures  for  the  most  part  does,  with  extensive 
fracture  of  the  base,  this  injury  must  be  classed  among  the  most  dangerous  to  which 
the  skull  is  subject.  It  invariably  indicates  that  great  violence  has  been  done  to  the 
bones.  Oftentimes  it  is  accompanied  by  laceration  of  the  pericranium,  and  separa- 
tion of  the  dura  mater;  sometimes  even  by  extensive  laceration  of  both  these  mem- 
branes, through  which  the  brain-substance  may  be  squeezed  out  of  the  skull,  and 
found  lying  immediately  under  the  integuments. 

A  most  extensive  separation  of  the  sutures,  with  fracture  of  the  bones,  may, 
however,  take  place  without  any  injury  of  the  cerebral  substance.  Of  this, 
I  once  dissected  a  most  remarkable  instance.  The  skull  was  extensively  broken  • 
the  two  parietal  bones  were  widely  separated  from  each  other,  and  on  a  different 
level  in  the  whole  length  of  the  sagittal  suture  ;  the  left  bone  was  in  its  natural 
position,  but  the  right  was  driven  down  about  two  lines.  The  brain  itself  was  not 
in  the  slightest  degree  injured. 

Disjunction  of  the  sutures,  in  its  symptoms  and  treatment,  cannot  be  separated 
from  fractures  of  the  skull. 

Watery  Discharges  in  connection  with  severe  Injuries  of  the  Head. 

As  an  accompaniment  of  severe  injuries  of  the  head,  a  thin  watery  fluid  is  now 
and  then  found  issuing  either  from  the  ear,  or  from  the  nose,  or  from  some  part  of 
the  vault  of  the  skull. 

From  the  ear. — The  watery  discharge  from  the  ear  is  that  most  commonly  met 
with.  As  early  as  the  year  1727,  Stalpartius  van  der  Wiel  2  published  a  case  in 
which  large  quantities  of  a  thin,  clear,  watery  fluid  had  escaped  from  the  ear,  for 
several  days,  after  a  severe  injury  of  the  head.  This  case  and  another  quoted  by  Stal- 
partius from  Joel  Langelottus,  are  the  only  cases  usually  referred  to  as  having  been 
observed  by  the  older  surgeons;  but  O'Halloran,3  some  thirty  years  later,  also  pub- 
lished a  case  of  the  same  nature,  and  in  some  respects  even  more  characteristic ;  and 
the  elder  Dease 4  appears  likewise  to  have  been  well  acquainted  with  the  occurrence 
of  this  peculiar  watery  discharge  from  the  ear.  But,  notwithstanding  the  striking 
nature  of  these  facts,  the  subject  was  subsequently  lost  sight  of  until  some  twenty 
years  back,  when  M.  Langier,5  by  some  carefully-made  dissections,  first  brought  to 
light  the  coexistence  of  this  watery  discharge  from  the  ear  with  a  fracture  of  the 
petrous  bone  and  a  rupture  of  the  membrana  tympani ;  and  then  followed  the  ques- 
tion, even  now  so  much  debated,  as  to  the  possible  source  of  this  fluid. 

The  various  opinions  which  have  been  broached  upon  this  point  may,  however, 
be  reduced  to  two  classes:  one,  in  which  the  fluid  is  said  to  be  nothing  but  the 
serum  of  the  blood ;  the  other,  in  which  it  is  said  to  be  the  secretion  from  some 
membrane. 

This  fluid  was  at  first  thought  to  be  nothing  but  the  serum  from  a  clot  of  extra - 
vasated  blood  lying  over  and  in  direct  contact  with  the  fracture.  Such  was  M. 
Laugier's  first  opinion,  published  in  the  year  1839,  to  which  he  has  latterly  added 
the  '  exudation  of  serum  from  the  lacerated  vessels  lying  along  the  broken  boue,  and 
the  neighbouring  soft  parts.'  0  M.  Ohassaignac  also  thinks  that  the  fluid  is  due  to 
the  serum  of  the  blood,  but  that  it  oozes  through  a  fraying  of  the  thin  outer  wall  of 
some  one  of  the  large  venous  sinuses  connected  with  the  petrous  bone.7 

1  Lett.  51,  art.  28.  ~  Olmereat  rarior.  cent,  prior.,  obs.  xv. 

"  Inj.  of  the  Head.  p.  ]  20.  4  Voiles'  Lect,.,  by  M'Gov,  p.  155. 

6  Comp.  Rend,  de  FAcaa.  des  Sc.  1839,  p.  240.    8  Arch.  <j.  de  Mid.  it*  sfir.  t.  viii  p.  413. 

7  Mint,  de  la  Hoc.  de  C'hir.  de  Paris,  torn.  i.  p.  542. 
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Neither  of  these  opinions  has,  it  must  be  confessed,  been  borne  out  by  subsequent 
experience. 

The  fluid  has,  in  turn,  been  ascribed  to  one  of  the  several  secreting  membranes 
with  which  the  petrous  bone  is  so  closely  connected.  It  has  been  thought  to  be  the 
liquor  Cotunnii ;  then  the  fluid  from  the  cavity  of  the  arachnoid  •  then,  again,  the 
cerebro-spinal  fluid. 

That  the  discharge  is  due,  in  some  cases  at  any  rate,  to  the  escape  of  the  cerebro- 
spinal fluid,  there  is  now  no  longer  any  doubt.  First  mooted  by  Auguste  Berard 
and  M.  Nelaton,1  this  opinion  was  subsequently  taken  up  and  thoroughly  investi- 
gated by  M.  Robert.2  Anatomy,  dissection  of  morbid  specimens,  experiments  on 
the  dead  subject,  all  led  to  the  conclusion  that  the  watery  discharge  from  the  ear, 
after  a  severe  injury  of  the  head,  is  due  to  the  escape  of  the  cerebro-spinal  fluid. 
And  M.  Chatin,3  in  analysing  this  watery  discharge,  found  its  composition  to  be  the 
same  as  that  of  the  cerebro-spinal  fluid,  both  being  especially  marked  by  the  very 
small  quantity  of  albumen  and  the  large  quantity  of  chloride  of  sodium. 

The  escape  of  the  cerebro-spinal  fluid  implies  a  fracture  cutting  across  the  meatus 
intern  us  and  communicating  with  the  tympanum,  a  laceration  of  the  tubular  sheath 
of  the  cerebral  membranes  surrounding  the  seventh  pair  of  nerves  within  this 
meatus,  and  a  laceration  of  the  membrana  tympani.  Of  these  various  lesions,  the 
only  one  about  the  proof  of  which  there  has  been  any  difficulty  is  the  laceration  of 
the  cerebral  membranes  within  the  meatus.  There  is,  however,  in  the  Museum  of 
St.  George's  Hospital,  a  preparation  which  I  dissected  some  years  back,  and  which 
leaves  no  doubt  upon  this  point. 

But  there  are  many  cases  in  which  dissection  piwes  that  the  fracture  has  nothing 
to  do  with  the  meatus  interims  ;  whatever  its  course,  either  across  or  perpendicular 
to  the  axis  of  the  petrous  bone,  the  fracture  passes  through  the  internal  and  middle 
ear  without  touching  the  meatus.  In  such'  cases,  it  is  clear  that  the  watery  dis- 
charge cannot  be  due  to  the  escape  of  the  cerebro-spinal  fluid.  It  is  then  said,  by 
many  surgeons,4  to  be  the  liquor  Cotunnii  proceeding  from  the  membrane  of  the 
labyrinth  ;  and  difficult,  indeed,  would  it  be,  in  many  cases,  to  prove  that  the 
watery  discharge  is  not  in  part  due  to  this  fluid,  where  the  fracture  runs  through 
both  the  internal  ear  and  the  tympanum,  which  are  thus  made  to  communicate  with 
each  other,  their  investing  membranes  being  torn.  In  opposition  to  this  view,  wo 
have,  however,  the  quantity  of  the  fluid,  which  oftentimes  is  so  great  that  we  can 
scarcely  realise  the  idea  of  its  being  furnished  by  a  membrane  of  so  limited  an  ex- 
tent. And  to  this  we  may  add  those  cases  of  profuse  watery  discharge  from  the  ear, 
after  a  severe  injury  of  the  head,  in  which  it  has  been  proved  that  there  was  no 
fracture  involving  either  the  internal  or  the  middle  ear,  and  no  communication 
whatsoever  between  these  cavities. 

Such  a  case  occurred  at  St.  George's  Hospital  in  the  year  1854.  The  man,  having  fallen 
off  a  ladder  about  twenty  feet  high,  was  admitted  with  a  discharge  of  bloody  fluid  from  the 
left  ear,  and  a  scalp-wound,  not  exposing  the  bone,  at  the  upper  and  back  part  of  the  head. 
He  died  on  the  seventh  day  after  the  accident,  with  diffuse  cellular  inflammation  of  the 
scalp,  and  symptoms  of  cerebral  mischief.  As  to  the  fluid  from  the  ear,  on  the  morning 
following  the  accident  it  was  of  a  roseate  hue,  and  flowing  so  freely  that  in  less  than  an  hour 
a  couple  of  ounces  were  caueht  in  a  gallipot  placed  under  the  ear.  The  discharge  went  on 
thus  for  two  days,  the  pillow-case  being  so  soaked  that  it  became  necessary  to  have  towels 
placed  under  the  head.  On  the  third  day,  the  fluid  was  much  less  in  quantity,  and  on  the 
sixth  there  was  but  little  of  it,  and  it  was  of  a  puriform  appearance.  The  temporal  bone 
was  carefully,  and  at  several  different  times,  examined  both  by  Mr.  Henry  Gray  and  by 
myself.  There  was  no  fracture,  and  no  injury  whatsoever  of  the  bone  itself;  there  was  no 
kind  of  communication  between  the  middle  and  the  internal  ear  ;  the  membrane  lining  the 
cavities  of  the  internal  ear  was  perfectly  natural  in  every  respect ;  the  membrane  lining  the 
cavity  of  the  tympanum  and  the  mastoid  cells  was  intensely  vascular  throughout,  and 
covered  with  a  muco-purulent  secretion  ;  the  membrana  tympani  was  extensively  ruptured  at 
its  anterior  and  inferior  part.  The  case  has  been  recorded  by  Mr.  Henry  Gray  in  the  '  Trans- 
actions of  the  Pathological  Society  of  London,'  vol.  vi.  p.  22.    In  this  case  there  was  no  fracr 


1  Compend.  de  Ckir.  Prat.  t.  ii.  p.  591. 
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tare  ;  the  watery  discharge  could  not,  then,  be  due  either  to  the  escape  of  the  cerebrospinal 
III  lid  or  to  an  increased  secretion  from  the  arachnoid,  or  to  a  filtration  of  the  serous  part  of 
the  blood.  There  was  no  communication  between  the  middle  and  the  internal  ear  ;  it  could 
not,  therefore,  be  due  to  the  escape  of  the  liquor  Cotunnii.  But  there  was  a  rupture  of  the 
membrana  tympani,  and  the  membrane  lining  the  cavity  of  the  tympanum  was  intensely 
vascular ;  and  this,  I  think,  proves  that,  in  this  case,  at  any  rate,  the  fluid  proceeded  from 
the  intlamed  membrane  of  the  middle  ear. 

Another  case  of  copious  watery  discharge  from  the  ear,  after  an  injury  of  the  head  and 
without  any  fracture  of  the  temporal  bone,  occurred  at  St.  George's  Hospital  a  few  years 
ago.  The  man  was  admitted  with  bleeding  from  the  ear,  which  was  followed  by  a  copious 
watery  discharge.  He  died  ;  and  on  dissecting  the  temporal  bone  most  carefully,  Mr.  Holmes 
could  find  no  fracture  in  any  part  of  it,  and  no  injury  whatsoever  either  in  the  tympanic 
cavity  or  in  any  part  of  the  internal  ear.  The  discharge  was  connected  with  fracture  of  the 
lower  jaw  just  below  the  condyle  :  the  lower  fragment  had  perforated  the  wall  of  the  meatus 
auditorius. 

I  liave  mentioned  these  two  cases  particularly  to  prove  that  cases  do,  now  and 
then,  occur  in  which  an  injury  of  the  head  lias  been  followed  by  a  copious  watery 
discharge  from  the  ear,  without  any  fracture  or  injury  about  the  petrous  bone,  or 
any  communication  between  the  middle  and  the  internal  ear. 

What  value,  then,  are  we  to  attach  at  the  present  time  to  the  watery  discharge 
from  the  ear  as  a  diagnostic  sign  of  a  fracture  of  the  base  1  Can  it  now  be  said  that 
a  profuse  watery  discharge  from  the  ear,  after  an  injury  of  the  head,  is  pathogno- 
monic of  fracture  of  the  petrous  bone1?  It  must  be  confessed  that  we  cannot  say 
this.  On  the  other  hand,  however,  there  is  no  doubt  that  the  symptom  still  remains 
as  one  of  great  diagnostic  value  under  certain  circumstances. 

A  close  examination  of  these  cases  of  watery  discharge  shows  that  this  fluid 
makes  its  appearance  under  different  circumstances.  In  some  cases,  no  discharge  of 
blood,  or  only  a  very  small  quantity,  precedes  that  of  the  watery  fluid  ;  the  discharge 
is,  in  fact,  watery,  and  unmistakably  so,  immediately  after  the  accident.  In  other 
cases,  a  copious  flow  of  blood,  going  on  for  some  hours,  precedes  the  watery  fluid . 
In  other  cases,  again,  the  flow  of  blood  is  decided,  but  to  no  great  amount,  and  for 
no  long  period ;  and  then,  sooner  or  later,  comes  the  watery  discharge.  There  are, 
then,  as  far  as  is  known  at  present,  three  classes  of  cases  of  this  watery  discharge. 

In  the  first  class,  where  the  fluid  from  the  ear  is  plentiful,  and  of  a  decidedly 
watery  character  immediately  after  the  accident,  there  need  be  no  doubt  as  to  the 
nature  of  the  injury, — the  watery  discharge  is  due  to  the  escape  of  the  cerebrospinal 
fluid,  which,  as  already  stated,  can  only  take  place  through  a  fracture  of  the  petrous 
bone  implicating  the  internal  auditory  canal  and  its  membranes. 

In  the  second  class  of  cases,  characterised  by  a  copious  and  prolonged  bleeding 
from  the  ear,  followed  by  a  watery  discharge,  a  fracture  of  the  petrous  bone  may 
also  be  safely  diagnosed ;  but  it  cannot  be  said  that  the  fracture  follows  any  parti- 
cular course.  In  these  cases  it  must,  however,  be  clearly  understood  that  it  is  not  to 
the  watery  discharge  that  we  can  trust  for  our  diagnosis,  but  to  the  copious  and 
prolonged  bleeding. 

Thus  far  there  is  no  difficulty.  Not  so,  however,  in  the  third  class  of  cases,  in 
which  there  is  at  first  a  discharge  of  blood  only,  neither  copious  nor  prolonged,  which 
is  followed  by  a  watery  discharge,  varying  as  to  the  time  of  its  appearance — varying 
as  to  its  quantity.  It  may  be  present  within  a  very  few  hours  after  the  accident, — 
it  may  be  profuse  within  a  very  few  hours  after  its  appearance.  These  are  the  cases 
in  which  experience  has,  of  late,  proved  that  the  diagnosis  ought  to  be  doubtful. 
The  discharge  of  blood  is  certainly  not  of  a  character  to  warrant  a  diagnosis  of 
fracture  of  the  petrous  bone  ;  and  as  to  the  watery  discharge,  it  is  now  well  known 
that  such  a  discharge  may  occur  within  a  few  hours  after  the  accident,  that  its 
quantity  may  even  be  profuse,  and  yet  that  there  may  be  no  fracture. 

It  has  been  stated  by  some  surgeons  abroad,  and  especially  by  M.  Robert,1  that 
this  profuse  watery  discharge,  after  an  injury  of  the  head,  belongs  especially  to 
childhood  and  youth ;  but  the  cases  which  have  fallen  under  my  own  notice,  it  so 
happens,  have  been  for  the  most  part  beyond  thirty  years  of  age. 


1  Arch.  yen.  da  Med.  ivc  ser.  t.  i.v.  p.  407. 
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A  profuse  watery  discharge  from  the  ear  has  always  been  held  as  one  of  the  very 
worst  features  in  an  injury  of  the  head.  At  one  time,  indeed,  so  bad  was  this  feature 
thought  to  be,  that  it  was  said  that  no  patient  ever  recovered  who  presented  this 
symptom.  Such,  in  former  years,  was  the  opinion  of  the  elder  Dease,1  and  such, 
even  in  later  years,  was  at  one  time  the  opinion  of  M.  Pobert.2  Put  Stalpartius' 
first  case,  in  which,  after  an  injury  of  the  head,  complete  recovery  took  place,  not- 
withstanding a  most  profuse  discharge  of  a  watery  fluid,  had  evidently  been  forgotten 
for  a  time  ;  and,  of  late  years,  several  cases  of  recovery  have  been  recorded. 

In  recording  cases  of  recovery  after  this  profuse  watery  discharge  from  the  ear, 
we  must,  however,  for  the  future  bear  in  mind  carefully  to  note  the  precise  circum- 
stances under  which  the  discharge  took  place,  and  especially  the  precise  characters 
of  the  fluid  from  its  very  first  appearance.  It  must  be  particularly  stated  whether 
the  fluid  was  watery  from  the  beginning,  or  whether  it  was  merely  bloody ;  and 
then,  whether  the  flow  of  blood  was  continuous  for  any  length  of  time.  And  unless 
these  points  are  carefully  looked  to,  there  will  be  some  doubt  as  to  recovery  having 
taken  place  after  a  fractured  base. 

From  the  nose. — A  discharge  of  a  watery  fluid  sometimes  takes  place  from  the 
nostrils,  after  a  severe  injury  of  the  head;  but  such  a  discharge  occurs  much  less 
frequently  from  the  nose  than  from  the  ear. 

Attention  was  first  called  to  this  subject  by  a  case  which  was  under  the  care  of 
Rlandin,  at  the  Hotel-Dieu,  in  the  year  1840.3  The  actual  source  from  whence  this 
fluid  came  was  not  clearly  made  out  in  this  case ;  but  in  M.  Robert's  case,4  which 
occurred  in  1845,  a  careful  examination  proved  that  the  dura  mater  lying  over  a 
fracture  of  the  sella  turcica  was  torn  to  the  extent  of  about  an  inch,  and  that  the 
visceral  arachnoid  corresponding  to  the  anterior  lobes  of  the  brain  was  also  torn. 
Moreover,  some  water  dropt  on  to  the  sella  turcica  soon  made  its  way  into  the 
nostrils,  and,  more  especially,  into  the  right  side. 

What  are  the  characters  of  this  watery  discharge  from  the  nostrils  1  Whenever 
carefully  examined,  the  characters  of  this  fluid  have  been  found  to  be  precisely  similar 
to  those  of  the  profuse  watery  discharge  from  the  ear  belonging  to  our  first  class  of 
cases.  The  fluid,  then,  is  marked  by  its  limpidness,  and  by  its  containing  a  large 
quantity  of  chloride  of  sodium,  and  little  or  no  albumen ;  in  fact,  it  is  of  the  same 
nature  as  the  cerebro-spinal  fluid.  M.  Chassaignac,5  however,  sees  here,  as  he  did  in 
the  ear,  nothing  but  a  filtration  of  the  serous  part  of  the  blood  contained  in  the 
numerous  venous  sinuses  in  close  connection  with  the  body  of  the  sphenoid,  the  fliiid 
escaping  from  the  sinuses  through  a  fraying  of  their  walls.  Put  here,  again,  the 
chemical  analysis  of  the  watery  discharge  differing  so  widely  from  that  of  the  serum 
of  the  blood,  makes  it  impossible  to  admit  that  such  can  be  its  source.  Whence, 
then,  does  this  fluid  come  1  The  anatomical  disposition  of  the  cerebral  membranes  in 
the  central  parts  of  the  base  of  the  skull  is  such  that,  doubtless,  a  fracture  of  this 
region  might  involve  the  membranes,  lay  open  the  great  reservoirs  of  fluid  contained 
in  the  corresponding  sub-arachnoid  space,  and  thus  account  for  the  enormous  dis- 
charge of  watery  fluid  observed  in  these  cases ;  and  which  in  M.  Robert's  case 
flowed  in  large  quantities  after  death,  upon  the  body  being  turned  with  its  face 
downward.  And  in  addition  to  the  sub-arachnoid  space,  situated  over  the  body  of 
the  sphenoid,  there  is  also  here,  in  the  sella  turcica,  the  pituitary  gland,  connected 
with  the  infundibulum,  which  is  continuous  with  the  third  ventricle.  So  that  at 
this  spot  the  watery  discharge  from  the  nostrils  might  be  due  to  the  escape  of  the 
fluid  contained  in  the  ventricles,  if  the  pituitary  gland  and  infundibulum  were 
lacerated  or  destroyed  by  the  injury.  And  such,  one  may  infer  from  the  post- 
mortem appearances,  was  the  nature  of  Plandin's  case. 

Put  it  would  also  appear  that,  every  now  and  then,  this  watery  discharge  from  t 
the  nostrils  may  be  connected  with  a  fracture  of  the  petrous  bone.     A  s  the  blood  in 
a  fracture  of  the  petrous  bone  sometimes  escapes  through  the  Eustachian  tube,  so 

1  Colles1  Led.  by  M'Ooy,  vol.  i.  p.  1 55.  2  Arch.  gen.  de  Med.  ivc  ser.  t.  ix.  p.  409. 

3  Gazette  des  Hopit.  1840,  p.  205.  4  Loc.  eit.  p.  590.  6  Log.  ext.  p.  553. 
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may  the  cerebro-spinal  fluid  poured  into  the  cavity  of  the  tympanum  through  a 
fracture  implicating  the  internal  auditory  canal  escape  thus.  One  such  case  has  been 
published  by  Dr.  Goucard,1  and  another  by  M.  Malgaigne,2  in  which  a  most  copious 
watery  discharge  took  place  both  from  the  ear  and  from  the  nostril,  at  the  same 
time. 

In  dealing  with  tins  watery  discharge  from  the  nostrils  as  a  diagnostic  sign  of  a 
fractured  base,  it  must,  however,  be  borne  in  mind,  that  not  unfrequently  a  copious 
watery  secretion,  perfectly  clear  and  limpid,  is  poured  out  by  the  pituitary  mem- 
brane itself.  Some  persons,  indeed,  are  subject  to  periodical  attacks  of  this  kind, 
dining  which  a  perfectly  clear  fluid  is  poured  out  froin  the  nostrils,  in  very  large 
quantities,  and  for  several  hours  together;  and  this  it  is  which  makes  it  so  difficult 
in  some  cases,  evidently  of  fractured  base,  to  give  an  opinion  as  to  the  source  of  the 
watery  discharge  which  has  existed. 

From  the  vault  of  the  skull. — A  discharge  of  a  clear,  watery  fluid,  precisely 
similar  in  its  character  to  the  watery  discharge  from  the  ear  and  from  the  nose,  may 
also  take  place  from  any  part  of  the  vault  of  the  skull,  provided  the  injury  extend 
not  only  through  the  integuments  and  the  bones,  but  also  through  the  cerebral 
membranes;  laying  open,  in  fact,  the  space  between  the  visceral  arachnoid  and  the 
pia  mater. 

The  watery  discharge  in  these  cases,  as  in  some  of  the  cases  connected  with  the 
nostrils,  is  due,  then,  to  the  escape  of  the  cerebro-spinal  fluid. 

In  his  valuable  paper  on  the  subject  of  watery  discharges  from  the  head  after 
injuries,  M.  Robert  states,  that  the  first  case  of  watery  discharge  from  the  vault 
which  fell  under  his  notice  occurred  in  the  year  1847  ;  and  that,  until  he  had  seen 
this  case,  he  had  always  thought  that  these  watery  discharges  existed  only  in  frac- 
tures of  the  base  of  the  skull.3 

Cases  of  a  watery  discharge  from  the  vault  in  compound  fractures  had,  however, 
been  noticed  by  some  of  our  predecessors  years  ago ;  but  the  facts,  as  in  the  case  of 
a  watery  discharge  from  the  ear,  remained  buried  in  oblivion  until  the  attention 
of  the  profession  was  especially  directed  to  them  by  the  many  discussions  to  which 
this  subject  has  of  late  years  given  rise. 

The  earliest  published  case  of  this  watery  discharge  from  the  vault  is  dated  as  far  back  as 
the  year  1G72.  The  chili,  about  seven  years  old,  was  under  the  care  of  Delamotte  ;  nothing 
untoward  occurred,  and  in  about  a  month's  time  the  wound  was  perfectly  healed.  The  fact 
of  a  watery  fluid  having  been  discharged  through  the  wound  is  not  mentioned  in  the  history 
of  this  case  :  but,  in  his  accompanying  observations,  Delamotte  expressly  states  that  he  very 
much  wished  to  apply  the  trepan  in  this  case,  and  especially  on  account  of  a  long  kind  of 
sinus  leading  from  the  wound  on  the  forehead  deep  into  the  inside  of  the  skull,  from  whence 
flowed  a  large  amount  of  watery  fluid,  the  quantity  of  which  was  much  increased  each  time 
the  hoy  was  made  to  blow  his  nose.4 

In  a  case  which  was  under  the  care  of  Key  of  Leeds,5  in  1800,  a  watery  fluid  issued  from 
a  compound  fracture  of  the  forehead  so  copiously  as  to  wet  the  child's  nightcap  consider- 
ably.   The  discharge  gradually  abated,  and  ceased  about  the  end  of  three  weeks. 

In  Dr.  O't  iallaghan's  case  0  there  was  also  a  copious  flow  of  bloody  serosity  from  a  wound 
connected  with  a  fracture  of  the  frontal  bone  ;  and  in  Dr.  Hofling's  case  7  a  compound  frac- 
ture of  the  frontal  bone  was  followed  by  a  clear,  watery  discharge,  which  soaked  through  all 
the  dressings,  and  oozed  copiously  and  uninterruptedly  for  the  space  of  eight  days.  Dr. 
f  lolling  published  this  case  as  one  of  chronic  hydrocephalus  luckily  cured  by  the  kick  of  a 
cow;  but  in  the  details  of  the  case  there  is  certainly  nothing  to  prove  that  the  child  was 
threatened  with  the  hydrocephalic  affection  which  is  said  to  have  been  impending, 

But  two  of  the  most  curious  cases  of  watery  discharge  from  the  vault  occurred  after  tre 
phining  for  epileptic  tits,  apparently  connected  with  injuries  of  the  head.    In  one  of  tl 
cases,  Professor  Dudley  states  that  the  watery  discharge  went  on  for  three  days  and  night 
and  was  so  copious  as  to  make  it  necessary  to  change  towels,  pillows,  bolsters,  and  sheets 
two  or  three  times  a  day  ;  and  it  was  computed  that  t ho  entire  amount  of  the  fluid  dis 
charged  could  not  have  been  less  than  two  gallons;  and  notwithstanding  all  this,  the  patient 
reci  ivered.' 


1  Juurn.  de  Chir.  tie  MaUjaujne,  1840,  p.  31-5.  2  Ibid,  p.  283. 

3  Loc.  ctt.  p.  590. 

4  Mauquest  Delamotte,  TraiU  Comp,  Chirurg.  vol.  i.  obs.  145,  p.  514. 

5  Surg.  p.  21,  case  5.  6  Dub.  Med.  Press,  vol.  xiii.  p.  81. 
7  Arch.  //en.  de  Med.  Nov.  1837.                 s-  Amer.  Journ.  Med.  Sc.  1828,  vol.  ii.  p.  491 
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In  M.  Robert's  case,1  the  draw-sheet  was  completely  soaked  through  during  the  night ; 
and,  on  the  following  morning,  the  lips  of  the  wound  were  found  to  he  slightly  united,  except 
at  the  posterior  angle,  where  there  was  a  small  opening,  through  which  was  flowing  a  clear, 
watery  fluid,  perfectly  limpid,  and  saltish  to  the  taste.  On  the  third  day  the  watery  dis- 
charge had  ceased,  the  wound  having  united  in  its  whole  length  ;  but  shortly  afterwards  the 
wound  gave  way  at  its  posterior  angle,  and  the  fluid  immediately  reappeared,  and  con- 
tinued to  flow  for  two  days,  when  it  finally  ceased.    The  man  ultimately  got  well. 

In  the  seven  cases  above  alluded  to,  there  is  every  reason  to  believe  that  the  fluid  was  the 
cerebro-spinal  fluid  from  the  sub-arachnoid  space ;  but  there  is  no  doubt  that  the  watery  dis- 
charge from  the  vault  may  proceed  from  the  lateral  ventricle.  This  has  been  proved  by  dis- 
section, in  a  case  where,  after  extensive  sloughing  of  the  brain,  the  parts  had  become  covered 
with  granulations ;  everything  was  apparently  going  021  well,  when  a  discharge  of  a  watery 
fluid  occurred  from  the  wound  ;  the  fluid,  perfectly  clear  and  limpid,  was  traced  to  a  minute 
opening  buried  in  the  midst  of  the  granulations,  from  whence  it  came  away  in  drops,  and 
sometimes  in  a  jet,  at  each  pulsation  of  the  brain.  The  man  ultimately  died ;  and  at  the 
examination  of  the  head,  the  minute  opening  through  which  the  watery  discharge  had  taken 
place  was  found  to  lead  directly  into  the  left  lateral  ventricle,  the  fluid  of  which  had  thus 
escaped.2  And  it  was  from  the  ventricle,  I  think,  that  the  fluid  came  in  the  case  mentioned 
by  Mr.  Erichsen,3  to  whom  T  am  indebted  for  the  following  additional  notes.  It  was  not  till 
the  nineteenth  day  after  the  accident  that  the  fluid  made  its  appearance  ;  it  came  suddenly, 
and  was  discharged  in  such  quantities  that  the  pillow  was  completely  saturated  with  it 
during  the  course  of  the  night ;  after  this  the  boy  lived  four  days,  during  which  large 
quantities  of  the  same  transparent  fluid  continued  to  flow  from  the  wound ;  and  even  on  the 
day  of  his  death,  the  fluid  was  still  running  profusely.  Unfortunately,  there  are  no  notes  as 
to  any  examination  of  the  head  in  this  case ;  but,  with  such  a  history,  I  think  it  more  than 
probable  that  the  fluid  did  not  proceed  from  the  sub-arachnoid  space,  but  from  the  right  lateral 
ventricle,  the  posterior  horn  of  which,  thinned  by  an  accumulation  of  fluid,  gave  way,  and 
thus  allowed  of  the  profuse  watery  discharge,  which  suddenly  took  place  on  the  nineteenth 
day  after  the  accident. 

Another  case  in  which  the  fluid  also  came,  in  all  probability,  from  the  lateral  ventricle, 
has,  since  the  above  was  published,  been  under  my  own  care,  in  St.  George's  Hospital.  It 
was  that  of  a  boy,  aged  seven  years,  wrbo,  having  just  been  run  over  by  a  light  brougham, 
was  admitted,  in  March,  1863,  into  the  hospital,  with  a  compound  fracture  of  the  right 
parietal,  about  two  inches  and  a  half  above  the  ear.  A  triangular  piece  of  bone  had  been 
completely  broken  off,  and  driven  down,  so  as  to  be  buried  in  the  brain,  and  serous  fluid  was 
oozing  through  the  wound.  As  the  bone  could  just  be  felt  with  a  probe,  it  was  laid  hold  of 
with  a  pair  of  dressing  forceps,  and  pulled  out ;  it  measured  about  an  inch  and  a  half  in 
length,  and  being  turned  lengthways,  it  had,  in  all  probability,  torn  the  lateral  ventricle,  from 
whence  came  the  fluid,  which  soon  became  perfectly  clear  and  limpid,  and  went  on  increasing 
in  quantity,  so  that  on  the  second  day  after  the  accident,  in  addition  to  a  quantity  which  was 
lost,  no  less  than  four  ounces  and  a  half  were  collected  within  twenty-four  hours.  The  fluid 
went  on  running  thus  until  the  sixth  day  after  the  accident,  soaking  the  towels  under  the 
side  of  the  head,  when  it  began  to  diminish  somewhat  in  quantity,  and,  on  the  tenth  day,  it 
was  reduced  to  an  occasional  drop  running  down  the  cheek.  Matters  went  on  thus  for  a  few 
days  more,  when  the  fluid  ceased  altogether,  and  the  child  was  discharged  from  the  hospital, 
cured,  with  the  wound  completely  healed,  seven  weeks  after  his  admission.  I  saw  this 
boy  again  six  years  after  the  accident,  and,  barring  the  gap  in  his  skull,  where  the  brain 
could  be  felt  pulsating,  there  was  nothing  the  matter  with  him. 

A  case  of  escape  of  cerebro-spinal  fluid,  in  connection  with  a  simple  fracture  of 
the  frontal  bone  just  above,  and  including  the  orbitar  arch,  was  published  by  Mr. 
Warrington  Haward,1  which  presents  peculiar  features.  As  the  fracture  was  not  compound, 
the  fluid  escaping  under  the  integuments  formed  a  transparent  pouch,  with  distinct  pulsation, 
in  the  region  of  the  blow,  and  in  four  or  five  days  great  swelling  of  the  upper  eyelid,  and 
eversion  of  the  palpebral  conjunctiva.  The  tumour  was  ultimately  punctured  with  a  very 
fine  trocar,  and  eight  ounces  of  clear  fluid  were  drawn  off,  leaving  the  sac  empty,  but  it  soon 
filled  again,  the  little  wound  having  been  closed  up.  On  the  eighth  day  after  this,  the 
everted  conjunctiva  gave  way,  and  a  iarge  quantity  of  clear  fluid  escaped,  and  went  on  run- 
ning, so  that  it  was  computed  that  about  a  pint  of  fluid  was  thus  lost  in  twenfy-four  hours. 
The  child  ultimately  died  of  cerebral  symptoms  ;  but  the  only  part  of  the  body  of  which  the 
parents  would  allow  an  examination  was  the  portion  of  broken  bone,  where  a  gap  was  found 
between  the  fragments,  and  here  there  was  a  rent  in  the  membranes,  through  which  the 
handle  of  a  scalpel  was  easily  passed  into  the  brain. 

What  influence  is  the  escape  of  the  cerebro-spinal  fluid  through  a  fracture  of  the 
skull  likely  to  exercise  on  the  ultimate  issue  of  the  case  1 

Large  quantities  of  this  cerebro-spinal  fluid  may  be  lost,  and  that  apparently 
without  influencing  the  case  very  materially. 


1  Loc.  cit.  p.  590.  2  Bulletin  ile  la  Soc.  Anat.  de  Paris,  annee  1838,  vol.  xiii.  p.  13. 
3  Surgery,  2nd  ed.  p.  276.  1  Lancet,  July  17,  1869,  p.  79. 
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Out  of  the  eleven  cases  of  watery  discharge  from  the  vault  to  which  I  have 
alluded  above,  eight  recovered  ;  and  the  details  of  these  eight  cases  which  recovered 
c  learly  prove  that  the  watery  discharge,  however  copious,  did  not  appear  to  have  any 
material  effect. 

And  hence  the  broad  plan  of  treatment  in  each  case  of  watery  discharge  con- 
nected with  an  injury  of  the  head  is  to  be  based  upon  the  general  symptoms  which 
may  exist.  These  cases  must  therefore  be  treated  as  any  other  severe  injury  of  the 
head  ;  the  various  symptoms,  whatever  they  may  be,  must,  in  fact,  be  dealt  with  as 
they  present  themselves. 

Concussion  op  the  Brain. 

A  man  receives  a  blow  on  the  head,  by  which  he  is  only  stunned  for  a  longer  or 
a  shorter  period.    What  is  said  to  have  happened  1    Concussion  of  the  brain. 

A  man  dies  instantaneously,  or  lingers  some  time  perfectly  unconscious,  after  an 
injury  of  the  head  ;  there  are  no  marks  of  external  violence.  Again,  what  is  said 
to  have  happened  ?    Concussion  of  the  brain. 

The  head  is  opened,  and  what  is  found  1  In  one  case,  no  deviation  from  the 
healthy  structure  ;  in  another,  simply  great  congestion  of  the  cerebral  vessels ;  in 
another,  numerous  points  of  extra vasated  blood  scattered  throughout  the  brain-sub- 
stance ;  in  another,  a  bruised  appearance  in  some  parts  of  this  organ.  In  all,  the 
case,  in  common  parlance,  is  said  to  have  been  one  of  concussion  of  the  brain. 

Such  are  the  after-death  appearances  ascribed  by  different  surgeons  to  concussion 
of  the  brain. 

The  teaching  of  the  different  schools,  then,  is  that  in  simple  concussion  we  may 
either  find  nothing  in  the  brain  to  prove  that  this  organ  has  sustained  any  injury, 
the  brain-substance  and  its  membranes  appearing  to  be  perfect  in  all  their  parts,  or 
we  may  find  certain  lesions,  plainly  showing  how  much  the  cerebral  substance  has 
suffered. 

But  it  behoves  us  carefully  to  examine  and  see  how  far  we  are  justified  nowadays 
in  admitting  that  these  various  appearances  do  really  belong  to  simple  concussion  of 
the  brain. 

And  first,  as  to  those  cases  of  instantaneous  death  ascribed  to  concussion  of  the 
brain,  in  which  no  deviation  from  the  healthy  structure  of  the  cranial  contents  is 
detected. 

A  century  aud  a  half  ago  was  published  1  the  first  case  in  which  it  was  clearly  and  dis- 
tinctly stated  that  concussion  of  the  brain  may  prove  instantaneously  fatal,  without  there 
being,  on  dissecting  the  brain,  a  single  trace  of  injury  in  any  part  of  the  cerebral  substance 
or  nt'  its  coverings.  And  this  is  the  celebrated  case  of  Littre,  to  which  reference  is  always 
made,  even  in  the  present  day,  to  demonstrate  that  simple  concussion  of  the  brain  may  be 
followed  by  instantaneous  death  ;  and  yefc,  strange  to  say,  the  details  of  this  case  afford 
literally  no  proof  whatever  that  the  man  was  actually  killed  by  concussion  of  the  brain. 

The  case  stands  thus :  a  malefactor,  young  and  strong,  who  had  been  sentenced  to  be 
broken  on  the  wheel,  determined  upon  destroying  himself.  Head  foremost,  and  with  his 
hands  behind  his  back,  rushing  a  distance  of  fifteen  feet  across  the  prison-cell,  he  dashed  his 
head  against  the  wall,  and  dropped  down  dead.  On  removing  the  skull-cap,  everything  was 
found  in  its  natural  condition,  and,  in  fact,  perfectly  healthy,  save  that  the  brain  did  not 
nearly  fill  the  cavity  of  the  cranium,  as  it  usually  does,  and  that  its  substance,  as  well  as  that 
nt' tlie  cerebellum  and  of  the  medulla  oblongata,  was,  both  to  the  touch  and  to  the  sight, 
closer  and  more  compact  than  usual.  And,  by  way  of  explaining  the  sudden  death,  M. 
Littre  adds,  '  From  the  violence  of  the  shock,  the  brain  had  shrunk  considerably  ;  and,  pos- 
sessing but  little  elasticity,  it  could  not  recover  itself,  in  consequence  of  which  the  distribu- 
tion of  the  nervous  influence  throughout  the  body  failed  in  an  instant.' 

Such  is  Little's  case,  upon  which  so  much  reliance  has  been  placed,  as  affording 
the  strongest  proof  that  simjjle  concussion  of  the  brain  may  lead  to  sudden  death. 
But  what  is  there  in  this  case  to  prove  that  this  malefactor  did  really  die  of  concus- 
sion of  the  brain  %  Nothing  but  the  head  was  examined  ;  and  here,  even,  very  little 
care  appears  to  have  been  taken  to  ascertain  the  exact  condition  of  the  brain-sub- 
stance, and  no  allusion  is  made  to  the  cerebro-spinal  fluid.    And,  above  all,  what  is 

1  Mem.  de  VAcad.  des  Sciences,  1705,  p.  54. 
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to  be  said  of  Littre  having,  in  such  a  case  of  sudden  death,  omitted  to  examine  both 
the  spine  and  the  heart  1 

Does  not  the  very  history  in  Littre's  ease  at  once  suggest  the  idea  that  this  man 
did  not  die  of  concussion  of  the  brain,  but  of  a  broken  neck  1  And  yet  this  part  was 
never  even  thought  of.  Wlntt  value  should  we,  in  the  present  day,  attach  to  an 
examination  thus  carried  on  in  our  own  dead-houses  1  Few  of  us  would,  I  think, 
hesitate  to  say  that  such  an  examination  proved  nothing.  And  if  this  be  the  case, 
why  should  we  accept  from  Littre  that  which  we  should  refuse  to  accept,  under 
similar  circumstances,  from  any  living  surgeon  1 

With  its  few  details  and  its  capital  omissions,  Littre's  case  is,  then,  to  me,  I  must 
confess,  of  no  value.  And  such,  too,  are  the  conclusions  arrived  at  by  M.  Fano,  who 
has  of  late  been  making  some  extensive  and  well-planned  researches  on  the  subject 
of  concussion  of  the  brain. 

The  same  may,  strangely  enough,  be  said  of  every  other  case  which  has  been 
brought  forward  to  prove  the  all-important  doctrine  that  concussion  without  lesion 
of  the  brain-substance  may  lead  to  instantaneous  death.  In  Sabatier's  case,1  in 
Boyn's  case/  in  both  cases  of  Mounier,3  no  vestige  of  injury  was  found  either  about 
the  brain  or  its  membranes ;  and  in  one  and  all  of  these  cases  there  was  the  same 
fatal  omission, — neither  the  spine  nor  the  heart  was  examined.  And  thus  it  is  with 
O'Halloran  of  Limerick. 

The  perusal  of  such  cases  as  these  would  really  make  it  appear  as  if  concussion  of 
the  brain  had,  at  one  time,  been  thought  to  be  the  only  injury  by  which  instan- 
taneous death  could  be  produced. 

In  all  cases  of  sudden  death  from  injury,  there  is  no  doubt  that  the  parts  to 
be  examined  are  the  upper  portion  of  the  spinal  marrow  and  the  heart.  Neither  is 
there  any  doubt  that,  if  these  parts  are  not  examined,  it  cannot  fairly  be  said,  in 
such  cases,  that  death  was  owing  to  simple  concussion  of  the  brain. 

A  man  fell  from  a  height  of  about  forty  feet,  and  died  instantaneously.  There  was  an 
extensive  injury  of  the  head  ;  hut  this  was  not  enough  to  account  for  instantaneous  death. 
Further  examination  proved  that  there  was  also  a  dislocation  of  the  atlas  on  to  the  occipital. 

The  following  is  a  case  even  more  illustrative.  Death  was  not  instantaneous  ;  but  death 
was,  at  first — and  this  it  is  which  makes  the  case  so  valuable- — thought  to  he  dependent  upon 
simple  concussion  of  the  brain.  In  the  year  1843,  a  man  was  admitted  into  the  Hopital  St. 
Antoine,  having  fallen  from  a  great  height  on  to  the  pavement.  He  was  collapsed,  and  in  a 
state  of  perfect  insensibility.  There  was  no  paralysis,  neither  were  there  any  spasms  of 
the  muscles.  In  this  state  he  remained  for  some  hours,  and  then  died.  The  head  was 
examined.  Not  a  single  trace  of  injury  was  detected  in  any  of  the  cranial  contents — every- 
thing was  perfectly  healthy.  The  case  was  set  down,  by  all  those  who  had  seen  it  during 
life  and  were  present  at  the  examination,  as  a  case  of  death  from  concussion  of  the  brain.  It 
fortunately  happened,  however,  that  Dr.  Deville,  in  going  round  the  wards,  heard  the  result 
of  the  examination,  and  thought  it  advisable  that  the  spine  should  be  looked  to.  He  pro- 
ceeded at  once  to  the  dead-house,  laid  open  the  spinal  canal,  and  there  found  a  most  extensive 
extravasation  of  blood,  completely  filling  up  this  canal  in  its  whole  length,  and  extending 
upwards,  even  beyond  the  point  where  the  spinal  marrow  had  been  cut  across,  when  the 
brain  was  taken  out.4 

Had  it  not  been  for  Dr.  Deville,  would  not  this  case  have  been  handed  down  to 
us,  amongst  the  others,  as  one  of  death  from  simple  concussion  of  the  brain  1 

A  boy  fell  from  a  great  height,  and  was  brought  into  St.  George's  Hospital  with  urgent 
symptoms  of  concussion,  and  various  other  severe  injuries,  of  which  he  died  in  a  few  hours. 
The  head  was  examined,  and,  save  a  little  extravasated  blood  beneath  the  arachnoid  on  the 
surface  of  both  hemispheres,  with  slight  bruising  of  the  brain  in  two  places  at  its  under  sur- 
face, the  brain  and  its  membranes  were  perfectly  healthy.  And  so,  too,  was  the  chest  ex- 
amined, and  here  was  found  a  rupture  of  the  muscular  part  of  the  septum  of  the  ventricles 
of  the  heart  right  up  to  its  serous  covering,  which  alone  prevented  the  blood  frem  being 
poured  into  the  pericardium.  True  it  is  that  the  pericardium  in  this  case  was  not  filled  with 
blood;  but  a  little  more  and  it  would  have  been  so,  and  a  complication,  perhaps  immediately 
fatal,  superadded  to  the  injury  of  the  brain.  And  what  makes  this  case  still  more  interest- 
ing, as  far  as  concerns  our  present  subject,  is  that  there  was  not  the  slightest  indication  of 


1  Med.  Operat.  t.  ii.  p.  400.  2  Theses  de  Paris,  1818,  No.  lv. 

3  Theses  de.  Paris,  1834,  No.  cxix.  p.  19. 

4  Mem.  de  la  Sue.  de  GMrurg.  de  Paris,  t.  iii.  p.  180. 
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any  injury  having  occurred  to  the  chest.  No  ribs  were  broken  ;  and  thus  the  rupture  of  the 
heart  might  easily  have  passed  unnoticed,  had  it  not  been  for  the  rule,  now  existing  for  several 
years  at  St.  George's  Hospital,  of  examining  the  various  parts  of  the  body  in  the  post-mortem 
examinations. 

Other  cases  of  a  similar  nature  have  fallen  under  my  own  notice. 

As  matters  stand  at  present,  then,  it  still  remains  to  be  demonstrated  that 
concussion  may  prove  fatal  without  leaving  a  trace  of  injury  in  the  brain-sub- 
stance. 

This  conclusion  differs,  I  know,  widely  from  the  teaching  of  some  of  the  great 
masters  of  surgery ;  but  I  can  only  say  that  there  is  not  on  record,  as  far  as  I 
have  been  able  to  ascertain,  a  single  instance  in  which  the  evidence  of  instantaneous 
death  from  simple  concussion  of  the  brain  will  stand  the  test  of  anything  approaching 
to  a  rigid  scrutiny. 

But  of  late  years  several  pathologists,  whose  names  stand  pre-eminent  in  connec- 
tion with  cerebral  affections,  have  taught  that  in  fatal  concussiou  appreciable  lesions 
are  to  be  found  in  the  cerebral  structures.  True  it  is  that  these  pathologists  are  not 
all  exactly  agreed  as  to  the  precise  lesion  :  some — Chassaignac,1  Nelaton, 2  Sanson3 
— taking  merely  the  millet-seed-sized  extravasations  of  blood  disseminated  in  the 
substance  of  the  brain,  either  on  its  surface  or  deep  in  its  structure ;  others — Dr. 
Bright,4  Blandin  5 — taking  not  only  these  specks  of  extravasation,  but  also  the 
circumscribed  jJatches  of  contusion.  Still,  these  pathologists  one  and  all  agree  in 
stating  that  some  deviation  from  the  healthy  structure  is  to  be  found  in  concussion 
of  the  brain  when  it  proves  fatal.  And  M.  Fano,  one  of  the  latest  writers  on  this 
subject,  comes  to  the  conclusion  :  '  that  the  symptoms  generally  attributed  to  con- 
cussion are  due,  not  to  the  concussion  itself,  but  to  contusion  of  the  brain,  or  to  ex- 
travasation of  blood.'  6  And  to  this  I  may  add,  that  in  every  case  in  which  I  have 
seen  death  occur  shortly  after,  and  in  consequence  of,  an  injury  of  the  head,  I  have 
invariably  found  ample  evidence  of  the  damage  done  to  the  cranial  contents.  Setting 
aside  the  cases  of  large  extravasations  of  blood  upon  the  surface  of  the  brain,  the 
most  speedy  death  has  occurred  in  cases  where  specks  of  extravasated  blood  have 
been  disseminated  throughout  the  cerebral  substance,  or  where  blood  has  been  extra- 
vasated into  the  structure  of  the  pons  Varolii. 

Thus  far,  rapidly-fatal  concussion  only  has  been  considered ;  but  what  appearance 
does  the  brain  present  when  the  injury  has  not  been  of  so  severe  a  nature,  and 
where  the  patient  has  survived  for  some  short  time,  or  a  few  hours  ? 

In  such  cases  as  these,  where  death  has  not  taken  place  until  a  few  hours  after 
the  accident,  whether  there  be  any  actual  lesion  or  not  of  the  brain- substance,  there 
is  generally  found  intense  congestion  permeating  the  whole  of  the  cerebral  structures ; 
so  much  so  that,  upon  slicing  the  brain,  innumerable  blood-points  may  be  seen  every- 
where thickly  studding  both  the  grey  and  the  white  substance.  Such  were  the 
appearances  in  the  case  of  Hcevelius,  referred  to  by  Morgagni.7  This  extensive  con- 
gestion is  also  noticed  by  Dr.  Bright,8  and  by  M.  Fano,  in  two  of  his  experiments,9 
where  the  animals,  after  being  thoroughly  stunned  for  some  few  minutes,  were 
allowed  to  come  to  again,  and  were  then  killed  by  other  means  within  a  minute  or 
two  after  recovery.  But  the  most  strongly-marked  case  of  this  intense  congestion  is 
reported  by  M.  Denonvilliers,10  to  whom  the  notes  of  the  case  were  given  by  Dr. 
Bayard.  And  what  makes  this  case  still  more  interesting  is,  that  many  of  the 
circumstances  connected  with  it  are  strangely  like  those  of  the  celebrated  case  of 
Littre.  Arrested,  and  failing  in  his  efforts  to  get  away,  the  man  dashed  himself  head- 
foremost against  a  wall,  his  hands  being  tied  behind  his  back.  He  was  picked  up 
immediately  afterwards  perfectly  insensible,  and  died  three-quarters  of  an  hour 
after  the  injury.  As  far  as  the  brain  itself  is  concerned,  there  was  not  even  a  speck 
of  extravasation,  either  on  its  surface  or  in  its  substance,  the  consistence  of  which 

1  Des  Plaies  de  Tite,  p.  104.  2  Path.  Chir.  t.  ii.  p.  575. 

3  Ibid.  4  Med.  Cases,  vol.  ii.  part  i.  1831,  p.  403. 

5  Gaz.  des  Hon.  1842,  No.  du  2  juin. 

6  Mem.  de  la  Soc.  de  Chir.  de  Paris,  t,  iii.  p.  199.         7  Lett.  51,  art.  10. 

a  Loc.  cit.  '■'  Loc.  cit.  exper.  5th  and  rith.  10  Compend.  de  Chir.  t.  ii.  p.  00G. 
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was  perfectly  natural.  But  the  intense  congestion  of  the  vessels  of  the  brain  gave 
rise  to  a  manifest  alteration  in  the  colour  of  its  structures,  its  cut  surfaces  being 
thickly  studded  with  the  minutest  blood-points,  from  whence  oozed  specks  of  fluid 
blood  upon  gentle  pressure.  And  in  this  case,  too,  minute  as  was  the  examination 
in  many  respects,  strangely  enough  there  is  no  mention  made  as  to  any  examination 
of  the  other  parts  of  the  body. 

And  now,  as  to  the  still  slighter  cases  of  concussion,  where  the  patient  is  only 
stunned  for  a  short  time,  and  then  recovers  his  senses  completely.  It  is  usually 
supposed  that  here,  too,  there  is  only  some  disturbance  in  the  circulation  of  the 
brain,  which,  being  but  slight,  soon  passes  off. 

As  may  be  readily  supposed,  it  happens  but  very  rarely  that  there  is  any  oppor- 
tunity of  examining  the  state  of  the  brain  in  these  slight  cases  of  concussion.  Some- 
times, however,  in  cases  where  very  slight  concussion  has  existed,  death  does  occur, 
not  from  the  injury  done  to  the  brain,  but  from  some  other  severe  lesion.  And  in 
two  cases  of  this  kind  which  I  have  had  an  opportunity  of  examining,  and  in  which 
symptoms  of  concussion,  of  the  slightest  nature,  had  altogether  passed  off  within  a 
very  short  time,  I  was  surprised  to  find  that  the  brain- substance  itself  was  actually 
injured.  In  one  case,  in  which,  after  a  blow  on  the  head,  there  had  been  mere  giddi- 
ness for  a  few  minutes,  and  then  complete  recovery,  some  patches  of  contusion  were 
found  at  the  base  of  the  brain  ;  marked  by  minute  specks  of  blood  closely  clustered 
together,  these  patches  were,  in  two  or  three  places,  of  the  size  of  a  shilling,  and 
extended,  about  a  line  in  depth,  into  the  structure  of  the  brain  :  there  were  no 
disseminated  specks  of  extravasated  blood.  In  the  other  case,  after  a  fall  on  the 
back  of  the  head,  the  symptoms  of  concussion  soon  passed  off,  and  the  patient  died 
of  some  other  disease  eight  days  after  the  accident.  In  the  cavity  of  the  arachnoid, 
and  adhering  to  its  parietal  layer,  were  found  thin  layers  of  extravasated  blood. 
The  large  veins  on  the  surface  of  the  brain  were  congested ;  the  brain-structure 
itself  was  much  darker  than  usual  from  congestion ;  and  in  the  centrum  ovale,  close 
to  the  right  side  of  the  corpus  callosum,  and  extending  partly  into  it,  was  an  ex- 
travasation of  blood  of  the  size  of  a  nut.  This  clot  still  retained  the  greater  part  of 
its  colouring  matter,  but  the  cerebral  structure  around  it  was  neither  discoloured 
nor  softened. 

Well-marked  traces  of  injury  were  found  after  death  in  the  brain  itself  in  both 
these  cases.  May  not  such  lesions  also  exist  in  many  so-called  slight  cases  of  con- 
cussion of  the  brain  which  recover  1  My  own  impression  is,  that  such  appearances 
exist  more  frequently  than  is  generally  supposed. 

Many  other  morbid  appearances  have  been  given  to  concussion  of  the  brain ;  but 
to  these  I  should  not  allude,  were  it  not  that  I  find  them  mentioned  in  some  recently- 
published  text-books  on  surgery.  For  instance,  among  the  after-death  appearances 
in  concussion  of  the  brain,  separation  of  the  dura  mater  from  the  inner  surface  o 
the  cranium,  when  the  blow  on  the  head  was  severe,  is  said  to  be  a  very  common 
condition.  As  well  might  we  say  that  in  concussion  of  the  brain  the  bones  of  the 
skull  are  often  broken. 

Concussion  of  the  brain  may  be  produced  in  different  ways  :  either  directly,  from 
the  force  being  applied  to  the  skull  itself ;  or  indirectly,  from  the  shock  being  trans- 
mitted through  some  other  part  of  the  body. 

It  is  not  many  years  since  that  surgeons  were  at  great  pains  to  point  out  the 
different  symptoms  which,  it  was  thought,  served  clearly  to  distinguish  a  case  o 
concussion  from  one  of  compression.  Has  further  experience  proved  the  correctness 
of  the  distintive  characters  about  which  there  was  at  one  time  so  much  controversy  % 
I  think  not.  It  must  be  admitted  that  there  is  no  one  symptom,  or  combination  of 
symptoms,  which  will  enable  us  to  determine  positively  between  concussion  and  the 
slighter  cases  of  compression. 

And  this  it  is  which  renders  an  accurate  diagnosis  so  very  difficult,  if  not  alto- 
gether impossible,  in  many  cases  of  injury  of  the  head  ;  the  difficulty  tself  being,  no 
doubt,  dependent  in  many  cases  upon  the  complex  nature  of  the  injury. 

Cases  of  concussion  of  the  brain  are  now  commonly  divided  into  three  broad  classes. 
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All  classifications  of  this  nature  must  necessarily  be  vague  and  arbitrary]  but, 
nevertheless,  some  classification  of  these  cases  will  be  found  useful  both  as  regards 
the  symptoms  and  the  treatment.  In  the  slighter  cases,  the  effects  of  the  concussion 
are  momentary — loss  of  sensibility  and  of  muscular  power,  interference  with  the 
circulation ;  these  symptoms  soon  pass  off.  The  patient  comes  to  again,  and  proceeds 
about  his  business  as  if  nothing  had  happened,  retaining  often  no  knowledge  what- 
ever of  the  accident.  In  the  severest  forms  of  concussion,  the  patient  dropping 
instantaneously  lies  senseless  and  motionless ;  scarcely  breathing,  and  with  no  pulse 
at  the  wrist.  Little  or  no  reaction  takes  place ;  and  the  patient  expires  within  a 
few  minutes  or  lingers  on  for  a  few  hours. 

But  cases  of  concussion  holding  the  mean  between  these  two  extremes  are  to  us, 
as  practical  surgeons,  of  the  greatest  interest.  At  first  perfectly  insensible,  the 
patient  lies  motionless  and  all  but  pulseless;  with  a  countenance  marked  by  extreme 
pallor,  and  a  skin  quite  cold.  The  breathing,  although  feeble,  is  in  the  great 
majority  of  eases  performed  easily  and  naturally.  The  pupils  vary  very  much — 
contracted,  dilated ;  or  one  may  be  contracted,  and  the  other  dilated.  The  urine 
and  the  feces  are  sometimes  voided  involuntarily.  And  in  this  state  the  patient 
may  remain  for  a  longer  or  shorter  period,  after  which  he  begins  to  rally. 

No  longer  altogether  insensible,  he  may  be  roused  by  loud  calling ;  pinch  the  leg, 
and  it  will  be  withdrawn  with  an  expression  of  peevishness  about  the  countenance ; 
the  pulse  becomes  less  frequent  and  more  distinct ;  colour  returns  to  the  face,  and 
the  skin  gradually  regains  some  warmth.  And  among  the  earliest  signs  of  amend- 
ment must  be  mentioned  vomiting,  which  is  to  be  looked  upon  as  a  good  sign ;  and 
when  it  supervenes,  sometimes  appears  to  hasten  the  recovery. 

And  thus  matters  may  go  on  for  a  few  hours,  or  for  a  few  days  ;  but  as  soon  as 
the  patient  is  so  far  restored  as  to  be  able  to  make  any  complaint,  headache,  of  a  more 
or  less  severe  character,  is  almost  always  found  to  be  present.  This  pain  in  the  head 
may  exist  for  a  longer  or  a  shorter  period,  and  then  pass  off;  or  it  may  soon  be 
followed  by  other  symptoms,  indicative  of  intra-cranial  inflammation. 

Such  are  the  symptoms  attributed  by  most  surgeons  to  concussion  of  the  brain, 
when  it  has  been  of  a  somewhat  severe  character.  But  at  the  bed-side  of  a  patient 
labouring  under  such  a  train  of  symptoms,  after  an  injury  of  the  head,  can  we  under- 
take to  say  that  he  is  suffering  from  concussion  of  the  brain  only  1  Nay  more,  let 
the  symptoms  gradually  pass  off,  and  let  the  patient  be  so  far  restored  as  to  be  able 
within  forty-eight  hours  to  answer  questions  put  to  him  ;  let  him,  in  fact,  give  ample 
proof  of  returning  intelligence ;  could  we  venture,  in  such  a  case,  upon  stating  that 
the  case  was  one  of  simple  concussion  ?  that  the  prolonged  symptoms  were  not,  in  a 
great  measure  at  any  rate,  due  to  an  extravasation  of  blood  within  the  membranes, 
to  which  the  brain  had  become  accustomed  % 

We  may  think  that  the  case  was  one  of  pure  concussion;  and  at  the  death  of  the 
patient,  what  do  we  find  1  Perhaps,  an  extensive  extravasation  of  blood  within  the 
arachnoid. 

An  elderly  woman  having  been  knocked  down  and  run  over  by  a  cab,  was  admitted  into 
St.  George's  Hospital,  with  a  severe  injury  of  one  of  the  hands  and  concussion  of  the  brain ; 
the  symptoms  of  which,  however,  soon  passed  oft',  and  she  was  up  and  about  the  ward  in  a 
few  days.  Ultimately,  erysipelas  made  its  appearance  on  the  hand,  and  she  died,  after 
having  been  in  the  hospital  about  two  months.  From  first  to  last  the  head-symptoms  had 
been  attributed  solely  to  concussion  of  the  brain  ;  and  yet,  at  the  after-death  examination, 
extensive  layers  of  blood,  membrane-like,  were  found  in  the  cavity  of  the  arachnoid  on  both 
sides. 

A  man  aged  53,  having  fallen  downstairs,  was  admitted  into  St.  George's  Hospital, 
with  what  was  thought  to  be  simply  severe  concussion  of  the  brain.  From  this  he  gradu- 
ally recovered,  and  was  in  due  course  of  time  allowed  to  get  up  and  go  about  the  ward.  He 
died,  however,  of  an  attack  of  erysipelas,  two  months  after  the  accident.  The  brain-sub- 
stance was  perfectly  healthy,  but  within  the  cavity  of  the  arachnoid,  on  both  sides,  were  the 
remains  of  an  extensive  extravasation  of  blood,  membrane-like,  and  adhering  to  the  parietal 
layer  of  the  serous  membrane. 

I  might  mention  several  other  cases  in  which  extravasations  of  blood  were  found 
in  the  cavity  of  the  arachnoid — cases  in  which  the  symptoms  of  concussion  had  even 


CONCUSSION  OF  THE  BRAIN. 


603 


been  altogether  transient,  and  in  which  death  Lad  been  brought  about  by  some  other 
cause.  Indeed,  I  cannot  help  thinking,  from  all  I  have  seen,  that  many  of  the  so- 
called  cases  of  coricussion,  especially  the  severe  cases  in  which  recovery  has  taken 
place  at  a  more  or  less  remote  period,  have,  in  truth,  been  cases  of  extravasations  of 
blood  within  the  membranes. 

There  is  also  many  a  case  recorded  by  eminent  surgeons,  and  as  a  matter  of  course 
quoted  over  and  over  again,  in  which  partial  paralysis  and  loss  of  memory  are  said 
to  have  taken  place  after,  and  to  have  been  due  to,  concussion  of  the  brain.  But 
here,  too,  it  is  much  more  probable  that  effects  such  as  these  were  due  not  to  con- 
cussion only,  but  to  some  extravasation  of  blood,  or  to  some  local  injury  done  to  the 
brain-  substance . 

As  we  have  some  clearly-marked  periods  in  the  symptoms  of  concussion,  so  too 
must  we  adapt  our  treatment  to  these  various  periods. 

In  the  first  period,  that  of  depression,  the  safest  practice  is  certainly  to  do  as 
little  as  possible— to  avoid  all  interference  either  in  the  way  of  blood-letting,  on  the 
one  hand,  or  in  that  of  stimulating  on  the  other.  Bleeding  to  any  extent,  in  such  a 
state  of  depression,  may  be  the  cause  of  most  serious  mischief,  even  of  death  itself. 
And  with  regard  to  stimulants  recourse  must  be  had  to  them  as  little  as  possible ; 
for  we  cannot  be  sure  that  we  may  not  be  dealing  with  a  case  of  extravasation  of 
blood,  or  of  bruised  brain  ;  and  a  period  of  depression,  under  such  circumstances, 
would  be  the  safeguard  of  the  patient.  Cases  of  concussion  absolutely  requiring 
stimulants  are  very  rarely  met  with  in  practice ;  and  even  when  of  a  very  severe 
form,  all  that  is  necessary  in  the  great  majority  of  cases  is,  to  apply  warmth  to  the 
surface,  and  carefully  to  watch  the  case  ;  but  if  it  should  so  happen  that  the  patient 
is  manifestly  in  danger  of  sinking  from  depression  of  the  circulation,  then,  no  doubt, 
stimulants  or  cordials  must  be  resorted  to. 

As  is  the  state  of  depression,  so  too  will  be  the  state  of  reaction  :  slight  depression 
will  be  followed  by  slight  reaction ;  extreme  depression  by  extreme  reaction,  which 
will  be  all  the  greater  if  stimulants  are  used. 

And  in  the  stage  of  reaction,  so  long  as  this  reaction  keeps  within  due  bounds, 
here  again  it  is  better  to  abstain  from  all  active  interference ;  taking  care,  however, 
to  exclude  all  possible  sources  of  excitement ;  to  keep  the  head  and  the  shoulders 
well  raised,  and  ice  or  evaporating  lotions  constantly  applied  to  the  head,  which  in 
bad  cases  must  be  shaved.  Precautionary  measures  such  as  these,  with  a  mercurial 
and  saline  purge  occasionally,  and  great  attention  to  diet,  with  perfect  rest,  will,  in  a 
large  number  of  cases  of  concussion,  carry  the  patient  through  this  period. 

When  the  concussion  has  been  of  a  somewhat  severe  character,  there  is  generally 
no  difficulty  in  getting  the  patient  to  submit  to  the  necessary  regimen — his  own 
feelings  tell  him,  in  fact,  that  it  is  absolutely  necessary  ;  but  in  the  slighter  cases, 
where  all  the  symptoms  soon  pass  off,  feeling  as  well  as  he  does  for  the  time  being, 
the  patient  not  unfrequently  resists  all  attempts  at  treatment,  and  then,  within  a 
few  days,  is  laid  low,  with  mischief  of  a  very  severe  and  dangerous  nature — so 
dangerous,  indeed,  that,  notwithstanding  all  care,  a  few  days  more  bring  his  life  to  a 
close. 

In  the  cases  of  concussion  which  die,  from  some  other  cause,  shortly  after  an 
injury,  and  in  which  no  extravasation  of  blood  or  actual  injury  to  the  brain-substance 
is  found,  there  is,  it  must  be  recollected,  intense  congestion  of  the  cerebral  vessels, 
which,  in  some  cases,  is  so  intense  as  to  give  a  manifestly  darker  hue  to  the  different 
substances  of  the  brain.  The  cases  revealing  these  early  appearances  are  of  the 
utmost  value  practically  ;  they  at  once  plainly  point  to  the  mischief  which  is  likely 
to  arise,  and  at  once  give  the  key  to  the  treatment. 

The  great  danger  lies  in  the  tendency  which  this  congestion  has  of  leading  to 
inflammation,  and  hence  the  reason  why  the  case  is  to  be  so  narrowly  watched ; 
hence  the  reason  why  the  state  of  the  pulse  and  all  other  symptoms  are  to  be  so  care- 
fully inquired  into,  and  even  the  slightest  appearance  of  mischief,  as  far  as  possible, 
guarded  against.  But  intracranial  inflammation,  taken  as  a  whole,  will  form  the 
subject  of  another  section. 
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I  cannot,  however,  dismiss  tin's  subject  of  concussion  of  the  brain  without  again 
referring  to  a  point  which  I  consider  of  the  utmost  importance  in  all  cases  of  injuries 
of  the  head,  of  whatever  kind.  In  dealing  with  scalp-wounds  and  with  fractures  of 
the  skull,  I  pointed  out  how  necessary  it  was  to  take  into  consideration  the  state  of 
the  various  viscera,  and  especially  of  the  kidneys.  To  scalp-wounds  and  to  fractures 
must  now  be  added  concussion  of  the  brain;  the  diagnosis,  the  prognosis,  and  the 
treatment  of  which  must  be  greatly  influenced  by  the  condition  of  the  viscera. 


Contusion  of  the  Brain. 

Bruising  of  the  brain-substance  presents  itself  under  two  differing  aspects  :  either 
spots  of  extravasated  blood  are  clustered  together  in  well-marked  circumscribed 
patches,  or  these  spots  are  disseminated  throughout  various  parts  of  the  cerebral 
mass  at  the  same  time.  Hence  a  circumscribed  and  a  diffused  form  of  contusion  of 
the  brain. 

The  former,  the  circumscribed  contusion,  much  the  more  common  of  the  two,  will 
be  treated  of  first. 

As  in  other  organs,  so  in  the  brain,  there  may  be  different  degrees  of  contusion. 

Fig.  87,-Coutusion  of  the  Brain.  In  the  ffightfcCMe^  the  bruised  part, 

of  a  dark-purplish  colour,  is  found  upon 
close  examination  to  be  studded  with 
minute  specks  of  extravasated  blood 
not  bigger  than  pin-points,  thickly 
clustered  together  ;  the  discoloration 
gradually  lessening  from  the  centre 
to  the  circumference,  as  the  specks  of 
blood  become  more  and  more  scat- 
tered. The  grey  substance  alone  is 
affected.  Under  a  gentle  stream  of 
water,  the  patch,  if  examined  within  a  short  time  after  the  injury,  retains  both  its 
discoloration  and  its  consistence. 

In  the  more  severe  cases,  the  central  parts  of  the  bruised  portion,  thoroughly 
infiltrated  with  blood,  are  of  a  uniform,  dark-purplish  colour,  which  extends  some 
distance  both  into  the  grey  and  the  white  substances  ;  imbedded  in  this  part  are 
little  clots  of  blood  of  the  size  of  peas,  and  around  the  circumference  and  in  the 
deeper  parts  are  specks  of  extravasation  scattered  more  and  more  widely  until  they 
gradually  disappear.  The  brain-substance — torn,  broken  up,  and  shreddy — readily 
gives  way  under  a  gentle  stream  of  water,  which,  gradually  loosening  the  clots  of 
blood,  carries  them  away,  leaving  little  juts  with  irregular  and  shaggy  margins,  and 
thickly  studded  throughout  with  pin-point  extravasations. 

Such  are  the  appearances  at  an  early  period  after  the  injury.  A  few  days  later, 
and  the  bruised  part,  with  its  depressed  shaggy  surface,  and  sharp  irregular  borders, 
looks  like  an  ulcer,  and  by  some  surgeons  has,  in  fact,  been  described  as  the  traumatic 
ulcer  of  the  brain.  At  this  period,  too,  the  brain-tissue  to  some  distance  around  the 
bruise  may  be  of  a  yellowish  colour,  and  each  little  speck  of  extravasation  may  have 
its  own  circle  of  yellow  surrounding  it. 

Slight  contusion  of  the  brain  may  sometimes  be  found  alone ;  but,  for  the  most 
part,  the  various  degrees  which  have  just  been  described  coexist  in  the  same  brain. 

As  to  the  membranes  of  the  brain,  in  the  slighter  cases  of  contusion,  the  meshes 
of  the  pia  mater  only  are  more  or  less  filled  with  small  clots  of  extravasated  blood ; 
in  the  severer  cases,  both  the  investing  arachnoid  and  the  pia  mater  are  generally 
torn,  and  blood  is  more  or  less  extensively  extravasated  in  the  cavity  of  the  arachnoid 
as  well  as  in  the  meshes  of  the  pia  mater.  Out  of  sixty-nine  cases  of  more  or  less 
severe  contusion  of  the  brain,  independent  of  compound  fractures,  I  found  blood  ex- 
travasated into  the  cavity  of  the  arachnoid  in  no  less  than  in  fifty-two  cases.  Ami 
in  thirty-one  out  of  these  fifty-two  cases,  the  extravasation  was  very  extensive ;  so 
much  so,  indeed,  in  several  instances,  that  the  quantity  is  marked  thus  in  the  notes 
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of  the  case  :  '  within  the  arachnoid  large  quantities  of  blood  spread  and  capping  the 
brain.'  In  eleven  cases,  no  blood  was  found  in  the  cavity  of  the  arachnoid ;  but  in 
all  these  eleven  cases,  blood  was  found  in  the  meshes  of  the  pia  mater,  extending 
some  distance  beyond  the  actual  seat  of  the  brain-injury,  and  in  six  of  them  the  ex- 
travasation was  widespread.  In  the  remaining  six  cases,  no  blood  was  found  in  the 
arachnoid,  and  none  in  the  pia  mater,  except  at  the  actual  seat  of  the  injury,  and 
this  only  in  very  minute  quantities. 

Bruising  of  the  brain  may  occur  in  every  part  of  this  organ  ;  but  all  parts  of  the 
cerebral  mass  are  not  equally  subject  to  this  form  of  injury.  Some  parts  of  the 
brain  are  so  frequently  bruised  that  cases  of  this  kind  are  seldom  wanting  in  the 
dead-houses  of  our  large  hospitals  ;  and  other  parts,  again,  are  so  very  rarely  injured, 
that  one  or  two  cases  only  may  be  met  with  in  a  long  series  of  years. 

It  is  but  very  rarely,  for  instance,  that  an  opportunity  occurs  of  seeing  the 
medulla  oblongata  or  the  crura  thus  bruised.  There  is,  however  a  preparation  in 
the  Museum  of  St.  George's  Hospital,  in  which 

several  small  spots  of  extravasated  blood  may  be  BhS'i^  TpS^vSS  °* 
seen  scattered  deep  in  the  structure  of  the  upper 
part  of  the  medulla  oblongata,  as  well  as  in  that  of 
the  crura  of  the  cerebrum  and  cerebellum.  In  this 
case,  too,  there  were  also  spots  of  extravasated 
blood  deep  in  the  pons  Varolii  ;  some  of  these  spots 
were  of  the  size  of  pin-points,  and  others,  again,  as 
large  as  a  small  split-pea.  No  other  part  of  the 
cerebral  mass  was  bruised  or  lacerated ;  but  there 
was  an  extensive  extravasation  of  blood  over  the 
whole  of  the  right  hemisphere,  and  the  cerebellum 
was  bathed  in  blood.    The  bones  of  the  skull  were  not  in  the  least  injured. 

Of  the  pons  Varolii  only  four  cases  of  contusion  have  been  met  with  at  St. 
George's  Hospital  within  the  space  of  sixteen  years.  And  the  cases  of  this  kind  on 
record  are  also  but  few  in  number. 

In  a  case  mentioned  by  M.  Boinet,1  the  centre  of  the  pons  Varolii  was  bruised, 
and  this  was  the  only  injury  existing  about  the  brain-substance.  And  in  another  case 
by  M.  Fano,2  the  structure  of  the  pons  Varolii  was  studded  with  several  small  extra- 
vasations of  blood  about  the  size  of  a  split-pea  ;  the  anterior  lobes  of  the  brain  were 
extensively  bruised  and  torn,  but  the  skull  was  not  broken. 

One  point  especially  must  be  borne  in  mind  in  connection  with  these  traumatic 
extravasations  both  in  the  medulla  and  in  the  pons.  The  surface  of  these  structures 
may  be  perfectly  healthy,  and  yet  well-marked  spots  of  extravasation  may  exist  deep 
in  the  substance,  and  that,  too,  even  where  there  has  been  no  bruising  of  any  other  part 
of  the  cerebral  mass.  Contusions  such  as  these  may  then,  it  is  evident,  easily  escape 
notice,  unless  very  carefully  sought  after. 

In  the  cerebellum,  bruising  and  laceration  occur  more  frequently  than  in  the 
structures  which  have  just  been  examined;  and  in  this  organ  these  injuries  are,  for 
the  most  part,  to  be  found  at  its  under  surface.  The  spots  of  ecchymosis  are  gener- 
ally small  and  superficially  situated,  and  confined,  moreover,  to  one  lobe  at  a  time. 
Sometimes,  however,  extravasations  take  place  in  the  deeper  parts,  and  then  there 
may  be  either  one  largish  single  spot,  as  in  a  preparation  in  the  Museum  of  St. 
George's  Hospital,  in  which  an  extravasation  of  the  size  of  a  filbert  is  imbedded  deep 
in  the  structure ;  or  there  may  be,  as  in  Blandin's  case,3  a  large  number  of  minute 
spots  scattered  in  the  substance  of  this  organ.  In  the  twelve  cases  of  bruising  and 
laceration  of  the  cerebellum,  notes  of  which  I  have  by  me,  other  parts  of  the  brain 
were  at  the  same  time  extensively  bruised,  and  the  skull  was  broken.  The  nature 
of  the  accident  was  not  always  very  severe,  and  this  must  be  borne  in  mind.  In 
several  instances  I  found  that  the  cerebellum  was  thus  injured  by  the  patient  having 
fallen  in  the  street  while  drunk. 

1  Arch.  gen.  de  Med.  1857,  p.  50.  2  Itech.  sur  la  Cont.  du  Cerv.  obs.  xti.  p.  25. 

3  Gaz.  des  Hopitaux,  juin  2,  1842. 
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In  the  cerebrum  itself  it  will  be  found  that  even  here  some  parts  of  this  organ  are 
much  more  commonly  affected  than  others.  As  in  the  cerebellum,  so  in  the  cerebrum, 
the  under  part  is  very  much  more  frequently  bruised  than  any  other.  Sometimes 
limited  to  a  few  patches  of  contusion,  the  injury  much  more  commonly  extends  over 
the  whole  surface  of  a  lobe,  and  oftentimes  of  two  lobes  at  once.  Both  the  grey  and 
the  white  substance  may  be  extensively  involved  ;  and,  in  depth,  I  have  known  the 
whole  structure  to  be  so  broken  up  and  destroyed  that  the  lateral  ventricle  has  been 
laid  open.  A  man  fell  from  a  height  of  about  eight  feet,  the  result  of  which  was  ex- 
tensive bruising  and  laceration  of  the  under  surface  of  both  anterior  lobes ;  freely 
laying  open,  on  the  right  side,  the  lateral  ventricle,  into  which  the  finger  was  readily 
passed.  And,  in  another  case,  a  man  fell  from  a  tree  a  distance  of  fourteen  feet,  and 
so  injured  the  under  surface  of  the  anterior  lobe  on  the  light  side  that  the  lateral 
ventricle  was  here  freely  laid  open. 

But  in  the  cerebrum,  too,  the  deeper  parts  may  every  now  and  then  be  found 
bruised  ;  and  the  bruise,  thus  deeply  situated,  may  either  exist  alone,  or  it  may 
coexist  with  an  injury  of  the  surface,  although  independent,  and  far  away  from  it. 
And  every  part  of  the  cerebrum  may  be  thus  injured  ;  and  being,  perchance,  very 
limited,  the  injury  may  here  also  easily  escape  notice.  Thus,  in  one  case,  the  septum 
lucidum  was  lacerated  in  nearly  its  whole  length  ;  it  appeared  to  be  bruised,  and  had 
several  spots  of  ecchymosis  in  various  parts  of  the  remaining  portion  of  the  septum, 
and  in  the  fornix  at  the  back  part.  No  other  laceration  was  detected  in  any  other 
part  of  the  cerebral  mass ;  but  several  patches  of  extravasated  blood  existed  in  the 
cavity  of  the  arachnoid,  and  in  the  meshes  of  the  pia  mater.  In  another  case,  a 
minute  extravasation  of  blood  was  found  in  the  edge  of  the  fornix,  another  on  its 
under  surface,  and  several  specks  also  on  the  surface  of  the  thalamus  ;  the  only  other 
traces  of  injury  were  patches  of  blood  in  the  sub-arachnoid  tissue,  corresponding  to 
the  posterior  lobes  of  the  cerebrum,  and  to  the  posterior  part  of  the  cerebellum.  In 
a  third  case,  the  extravasation  of  blood  in  the  brain  was  of  the  size  of  a  nut  in  the 
right  centrum  ovale,  close  to  the  side  of  the  corpus  callosum  ;  no  other  laceration 
could  be  detected  in  any  other  part  of  the  cerebral  mass,  but  several  thin  layers  of 
blood  were  found  extravasated  in  the  cavity  of  the  arachnoid.  In  a  fourth  case  the 
corpus  callosum  and  the  velum  interpositum  were  slightly  bruised,  in  connection  with 
superficial  bruising  of  the  surface  of  the  brain  ;  and  in  a  fifth  case,  several  minute 
specks  of  extravasated  blood  were  discovered  in  the  fornix  and  septum  lucidum,  in 
connection  with  other  and  severe  bruises  of  various  parts  of  the  brain.  And  in  con- 
nection with  this  subject  it  may  be  mentioned  that  a  laceration  of  the  floor  of  the 
lateral  ventricle,  even  when  very  slight,  may  give  rise  to  an  extensive  extra- 
vasation of  blood  into  this  cavity,  should  it  so  happen  that  the  injury  corresponds 
to  the  situation  of  one  of  the  large  veins  in  this  region.  In  a  preparation  in  the 
Museum  of  St.  George's  Hospital,  there  is  a  slight  laceration  of  the  septum  lucidum, 
as  well  as  of  the  floor  of  the  left  lateral  ventricle,  where  a  large  vein  was  laid  open, 
and  the  ventricle  was  ful  1  of  blood. 

Thus  much  as  to  circumscribed  contusion  of  the  brain.  In  the  general  or  diffused 
contusion  of  this  organ,  the  spots  of  extravasated  blood,  instead  of  being  clustered 
together  in  one  part,  are  disseminated  throughout  the  brain,  on  the  surface  as  well  as 
in  the  deeper  parts,  or  it  may  be  in  the  deeper  parts  only. 

Circumscribed  contusion  of  the  brain  we  already  know  to  be  of  very  frequent  oc- 
currence. Diffused  contusion  of  this  organ,  we  shall  find,  on  the  other  hand,  is  but 
very  rarely  met  with.  Circumscribed  contusion  is  for  the  most  part  easily  detected, 
and  at  once  clearly  recognised.  Diffused  contusion  is  sometimes  difficult  of  detection,* 
and,  without  careful  examination,  may  readily  pass  unnoticed. 

Diffused  contusion  of  the  brain  is  characterised  by  specks  of  extravasated  blood 
disseminated  throughout  the  brain-substance.  These  minute  extravasations  vary 
from  the.  size  of  the  smallest  pin-points  to  that  of  a  split-pea.  In  the  latter  form,  the 
extravasation  could  hardly  escape  detection ;  but  in  the  former,  the  minute  specks 
might,  in  slicing  the  brain,  be  easily  mistaken  for  the  cut  surface  of  the  cerebral 
vessels.    A  little  care,  however,  will  enable  us  to  distinguish  between  the  two.  In 
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the  case  of  cut  vessels,  the  specks  can  be  easily  wiped  away,  and  then,  by  gently 
squeezing  the  brain,  other  specks  of  blood  may  be  made  to  appear.  The  miliary  ex- 
travasations cannot  thus  be  wiped  away ;  but,  picked  out  with  the  point  of  a  knife, 
they  leave  little  holes,  in  which  the  concrete  drop  of  blood  was  imbedded.  The 
brain-substance  around  these  minute  holes  may  still  retain  its  natural  colour ;  or, 
some  days  after  the  accident,  it  may  be  of  a  yellowish  colour,  such  as  is  so  frequently 
noticed  under  similar  circumstances  in  bruises  of  other  parts.  Thus  in  Blandin's 
case,  already  alluded  to,  which  terminated  fatally  some  eight  or  ten  days  after  the 
injury,  each  little  spot  of  extravasated  blood  was  found  encircled  by  cerebral  sub- 
stance of  a  yellowish  tinge,  varying  from  a  violet  colour  to  a  greenish  yellow. 

The  specks  of  extravasated  blood  characterising  diffused  contusion  of  the  brain 
may,  in  any  case,  be  numerous,  or  they  may  be  few ;  sometimes  so  few,  indeed,  that 
one  speck  here  and  there  is  all  that  can  be  found.  And  tliis  points  out  at  once  what 
extreme  care  must  sometimes  be  required  in  examining  cases  of  this  kind  ;  and  it 
also  points  out  how  readily  a  lesion  of  this  delicate  nature  may  escape  notice  in  a 
rough  examination — such,  for  instance,  as  used  formerly  to  be  carried  on  in  our 
dead-ho\ises. 

One  of  the  best-marked  cases  of  diffused  contusion  is  that  described  by  M.  Chas- 
saignac  in  the  '  Mem.  de  la  Soc.  de  Chir.  de  Paris,'  vol.  iii.  p.  208.  Another  equally 
well-marked  case  is  that  of  Blandin  above  alluded  to.  In  both  these  cases,  the 
miliary  extravasations  were  very  numerous  and  widely  scattered  ;  but  in  a  case 
which  occurred  at  St.  George's  Hospital  in  the  year  1854,  the  spots,  although  well 
marked,  were  very  few.  In  this  case,  three  very  small  spots  of  extravasated  blood 
were  found  in  the  substance  of  the  anterior  lobe  of  the  left  hemisphere ;  another 
small  spot  in  the  fornix,  and  another  in  the  right  lobe  of  the  cerebellum.  And  these 
were  all  :  some  minute  extravasations  existed  also  in  the  cavity  of  the  arachnoid, 
and  in  the  meshes  of  the  pia  mater ;  but  there  was  no  fracture  of  the  skull. 

These  minute  traumatic  extravasations  of  blood  scattered  throughout  the  brain - 
substance  have  of  late  years  been  looked  upon,  as  I  have  already  said,  by  some 
surgeons  of  eminence,  as  especially  belonging  to  concussion  of  the  brain  ;  but  such 
appearances  cannot  properly  be  assigned  to  concussion.  Miliary  extravasations  of 
blood,  whether  clustered  together  in  one  patch,  or  disseminated  in  various  parts, 
belong,  one  and  all,  to  contusion  of  the  brain.  The  morbid  appearances,  although 
apparently  so  dissimilar,  are  essentially  of  the  same  character.  The  contusion, 
limited  in  one  instance,  is  general  in  the  other. 

Bruising  of  the  brain-substance  may  take  place  at  the  spot  where  the  skull  was 
struck  ;  or  the  bruise  may  be  in  a  part  of  the  brain  far  away  from  the  original  seat 
of  the  injury.  The  one,  then,  is  a  direct  contusion,  the  other  a  contusion  by  contre- 
coup,  of  the  brain-substance. 

Contusion  of  the  brain  is,  however,  rarely  limited  to  the  region  where  the  blow 
was  struck,  except  in  cases  where  the  bone  has  been  driven  down.  In  fissure  of  the 
skull  it  happens  much  more  frequently  that  the  bruised  part  of  the  brain  is  far 
away,  and  directly  opposite  to  the  seat  of  the  blow.  In  severe  injuries,  both 
kinds  of  contusion,  direct  and  by  contre-coup,  are  sometimes  found  in  the  same 
brain. 

Bruising  of  the  brain  occurs,  then,  in  some  parts  of  this  organ  much  more 
frequently  than  it  does  in  others.  The  upper  part  of  the  brain  is  seldom  bruised. 
Out  of  thirty-six  cases  of  bruised  brain  accompanying  fractures  extending  from 
various  parts  of  the  vault  into  the  base  of  the  skull,  the  upper  surface  of  the  hemi- 
spheres was  bruised  in  five  cases  only.  The  base  of  the  brain  is  the  part  most 
frequently  injured  ;  but  even  here  the  various  regions  differ  widely  in  this  respect. 
The  posterior  lobes  are  rarely  injured,  the  anterior  ones  very  frequently,  and  the 
middle  lobes  the  most  frequently  of  all.  Out  of  the  thirty-six  cases  just  alluded  to, 
the  posterior  lobes  were  bruised  in  four  instances  only,  the  anterior  lobes  in  eighteen, 
and  the  middle  lobes  in  no  less  than  twenty-five.  In  twelve  of  these  cases,  the 
anterior  and  the  middle  lobes  were  bruised  at  one  and  the  same  time,  the  injury 
having  been  most  severe. 
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And  now,  bearing  in  mind  what  was  stated  as  to  the  frequency  of  the  fractures 
of  the  various  regions  of  the  base  of  the  skull,  the  middle  part  of  the  base  of  the 
brain,  like  the  middle  fossa  of  the  skull,  will  be  found  to  be  the  most  frequently 
injured. 

The  analysis  given  by  M.  Fano  as  to  the  frequency  of  the  contusion  of  the  various 
parts  of  the  brain  differs  from  that  which  I  have  just  mentioned.  M.  Fano  1  found 
the  anterior  lobes  more  frequently  bruised  than  any  other  part  of  the  brain ;  but 
then  the  number  of  cases  thus  analysed  was  very  small — only  eight.  Had  M.  Fano's 
numbers  been  larger  the  results  would,  I  think,  have  been  pretty  much  the  same  in 
both  analyses. 

Why  is  it  that  the  middle  and  the  anterior  lobes  are  so  much  more  frequently 
bruised  than  the  posterior  ones  1  A  glance  at  the  anatomical  relations  of  these 
various  parts  of  the  base  of  the  brain  affords,  to  a  certain  extent,  a  satisfactory  ex- 
planation. The  posterior  lobes  lie  upon  a  soft  cushion,  the  tentorium  cerebelli ;  but 
the  anterior  and  middle  lobes  are  in  contact  with  irregular  and  angular  projections 
of  bone,  which,  although  rounded  off  to  a  certain  extent,  and  smoothed  down  by  the 
dura  mater,  are  still  both  sharp  and  numerous. 

This  subject  has  been  made  one  of  importance  by  M.  Fano,2  who,  after  pointing 
out  the  various  pieces  of  sharp  bone  in  these  parts,  expresses  great  surprise  that  no 
allusion  should  ever  have  been  made  to  them  in  connection  with  contusion  of  the 
brain  by  contre-coup.  The  following,  however,  are  Sir  Benjamin  Brodie's  own 
words,  written  in  the  year  1828  :  '  The  great  irregularities  which  exist  on 
the  inner  surface  of  the  basis  of  the  cranium  sufficiently  explain  wherefore  the 
inferior  is  more  liable  to  be  ruptured  than  the  superior  surface  of  the  brain.'  3  And 
nothing  could  be  more  explicit. 

Are  there  any  means  of  recognising  the  cases  in  which  the  brain  has  been  thus 
bruised  and  lacerated  1 

After  careful  and  patient  watching  of  many  a  case  of  severe  injury  of  the  head, 
I  must  confess  that  I  do  not  think  we  are  really  in  a  position  thus  clearly  to  recog- 
nise a  case  of  contused  brain. 

There  is  no  doubt  that  cases  of  contusion  of  the  brain  are  frequently  met  with, 
in  which  tonic  spasms  of  the  muscles  and  extreme  restlessness,  with  constant  tossing 
and  rolling  about,  are  the  principal  symptoms;  but  there  is  no  doubt  also,  that  as 
frequently,  if  not  more  frequently,  cases  of  severe  contusion  of  the  brain  are  met 
with,  in  which  the  symptoms  either  never  make  their  appearance  until  some  days 
after  the  accident,  or  are  altogether  wanting. 

From  all  I  have  seen  (both  in  the  wards  and  in  the  dead-house)  I  have  been  led 
to  conclude,  that  contusion  of  the  brain  does  not  give  rise  to  any  symptoms  imme- 
diately after  the  injury — that  it  has,  in  fact,  no  characteristic  signs  of  its  own. 

M.  Fano,  to  whose  valuable  thesis  I  have  already  referred,  has  come  to  the  same 
conclusion. 

Why  should  not  a  thin  stratum  of  blood  widely  spread  over  the  brain — why 
should  not  laceration  of  the  investing  membranes  of  the  brain — have  something  to  do 
with  the  tonic  spasm  and  the  restlessness?  In  severe  bruising  of  the  brain,  these 
lesions  are  very  common  ;  so  common,  that,  as  I  have  already  mentioned,  out  of 
sixty-nine  cases  of  this  kind,  blood  was  found  extravasated  in  no  less  than  in  sixty- 
three.  And,  as  a  possible  cause  of  the  symptoms,  there  is  also  the  intense  congestion 
which,  it  is  known,  takes  place  iu  the  brain -substance  almost  immediately  after  it 
has  been  bruised. 

But  why  is  it  that  such  symptoms  exist  in  some  injuries  of  this  kind,  and  not  in 
others  1  To  this  the  only  answer  that  can  be  given  is  that  this  is  one  of  those 
questions  which  cannot  be  fairly  met  in  the  present  state  of  our  knowledge. 

There  are,  then,  no  characteristic  signs  by  which  contusion  of  the  brain  can  be 
clearly  recognised ;  but,  nevertheless,  it  may  be  predicted  that  the  brain  has  been 


1  These  sur  la  Cont.  du  Cerv.  p.  44.  2  Loc.  cit.  p.  44. 

^  Med.-Chir.  Trans,  xiv.  p.  334. 
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bruised  whenever  the  symptoms  are  severe  after  an  injury  of  the  head.  At  least, 
certain  it  is,  that  in  severe  injuries  of  this  kind,  and  especially  after  diffused  blows — 
the  most  common  form  of  accident  in  civil  hospitals — certain  it  is  that  in  the  vast 
majority  of  these  cases  the  brain  will  be  found  bruised.  Nay,  more ;  if  we  bear  in 
mind  which  parts  of  the  brain  are  the  most  frequently  thus  injured,  we  may  even  go 
so  far  as  to  say  that  it  is  the  under  surface  of  the  middle  or  anterior  lobes  which  is 
bruised. 

Contusion  of  the  brain  must  be  considered  as  a  most  dangerous  injury ;  but  is  it 
al  ways  fatal  1 

One  sees  patients  recover  after  an  injury  of  the  head  in  whom  it  was  more  than 
probable,  from  the  nature  of  the  accident  and  the  severity  of  the  symptoms,  that 
the  brain  was  bruised ;  but  of  this,  unless  in  very  rare  circumstances,  no  positive 
evidence  can  be  obtained. 

When  recovery  does  take  place,  the  contusion  is  repaired  in  the  same  manner  as 
apoplectic  haemorrhage  into  the  brain.  In  the  slighter  cases,  all  traces  of  the  con- 
tusion may  have  passed  away,  if  death  occurs  independently  of,  and  some  time  after, 
the  accident ;  or  the  only  trace  left  may  be  a  hardened  cicatrix,  with,  perhaps,  some 
colouring  matter  in  the  centre.  But  clearer  evidences  of  a  former  contusion  of  the 
brain  are  occasionally  met  with ;  and  here,  the  appearances,  as  might  have  been 
expected,  are  precisely  similar  to  those  observed  in  old  apoplectic  effusions.  If  on 
the  surface  of  the  brain,  the  portion  which  had  been  bruised  may  present  some  of  the 
well-known  appearances  so  accurately  described  by  Rokitansky  1  in  his  peripheral 
form  of  apoplexy.    Of  this  Mi'.  Henry  Lee's  case  affords  a  well-marked  illustration.2 

Since  the  above  was  published,  I  have  had  an  opportunity  of  examining-  the  brain  of  a 
man  who,  twenty  years  before  his  death,  had  been  under  my  care  for  a  very  severe  injury 
of  the  head.  The  convolutions  of  the  anterior  part  of  both  hemispheres  of  the  brain  were 
extensively  excavated,  and  here  the  arachnoid  and  pia  mater  were  carried  evenly  over  both 
depressions,  so  that  a  space  was  enclosed  beneath  them,  which  was  filled  by  loose  areolar 
tissue  and  serum.  In  the  right  hemisphere,  the  mouth  of  the  excavation  was  nearly  circular, 
about  an  inch  and  a  half  in  diameter,  and  so  placed  that  the  inferior  margin  lay  close  to  the 
base  of  the  brain,  whilst  the  inner  one  was  close  to  the  median  fissure.  The  depth  of  the 
excavation  was  about  an  inch,  and  the  convolutions  around  its  edge  were  natural.  The 
cavity  commenced  for  the  most  part  abruptly,  but  one  or  two  convolutions  could  be  traced  in 
a  stunted  condition  down  the  walls,  which  had  an  even  surface,  and  were  loosely  coated  with 
'  areolar  tissue.  In  the  corresponding  part  of  the  left  hemisphere,  there  was  also  an  excava- 
tion, similar  in  all  respects,  save  that  it  was  only  about  half  the  size  of  that  in  the  right 
hemisphere.  The  cerebral  tissue,  in  the  neighbourhood  of  these  cavities,  and  forming  their 
walls,  had  a  perfectly  healthy  appearance.  There  were  no  remains  of  blood  extravasated  in 
the  cavity  of  the  arachnoid  ;  the  other  parts  of  the  brain  were  perfectly  healthy,  and  so,  too, 
was  the  brain-case;  no  traces  of  fracture;  no  sign  of  injury  to  the  bones.  The  patient 
died  of  aneurism  of  the  subclavian  artery,  at  the  age  of  forty-eight,  but  twenty  years  before 
his  death  he  had  been  admitted  into  St.  George's  Hospital,  when  I  was  house-surgeon,  with 
several  other  men,  all  of  whom  had  fallen  a  great  height  in  consequence  of  the  giving  way 
of  some  scaffolding.  At  the  time  of  his  admission  he  was  suffering  from  several  severe 
injuries;  and  especially  of  the  head,  marked  by  the  symptoms  of  so-called  concussion  of  the 
brain,  but  there  was  no  sign  of  fracture  of  any  part  of  the  skull.  For  several  days  he 
struggled  between  life  and  death,  in  a  state  of  perfect  unconsciousness,  followed  by  a  violent 
delirium,  which  ultimately,  however,  subsided,  and  in  a  few  weeks  he  was  so  far  well  that  he 
was  able  to  leave  the  hospital.  After  a  while  he  resumed  his  occupation,  that  of  a  house 
decorator,  and  for  years  he  worked  for  one  of  the  best  firms  in  London,  and  was  known  as 
one  of  their  ablest  workmen.  His  intellect  was  as  clear  as  it  had  ever  been,  and  when  I 
accidentally  met  him,  from  time  to  time,  he  always  said  that  he  did  not  suffer  more 
from  headaches  than  other  people. 

The  specimen  is  in  the  Museum  of  St.  George's  Hospital,  and  from  it  fig.  89  was  taken. 

In  dealing  with  concussion  of  the  brain,  I  have  already  remarked  that  it  is  mor  e 
than  probable  that  some  of  the  cases  so  often  quoted  as  instances  of  slight  paralysis, 
or  of  loss  of  memory  after  concussion,  were  in  reality  cases  in  which  the  brain  had 
been  bruised.    Of  this  I  think  that  there  can  be  no  longer  any  doubt. 

That  which  is  most  to  be  feared,  when  the  brain  has  been  bruised,  is  inflamma- 
tion of  the  surrounding  substance ;  and  this  it  is  which  must  be  guarded  against  as 


1  Path.  Anat.  vol.  hi.  p.  394. 
Vol.  I. 


'z  Guthrie,  Inj.  of  the  Head,  p.  68. 
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much  as  possible.  The  great  tendency  in  injuries  of  this  kind  is,  that  the  brain 
and  its  membranes  should  become  inflamed ;  and  as  this  inflammation  is  apt  to  creep 

on  most  insidiously,  every  injury  of  the 
head  in  which  the  symptoms  have  been 
marked  ought  to  be  most  carefully 
watched,  and  treated  accordingly.  Our 
watching  ought  to  be  carried  on  for 
days,  for  oftentimes  the  symptoms  of 
traumatic  inflammation  suddenly  show 
themselves,  and  without  any  manifest 
cause,  when  all  was  apparently  going  on 
well.  The  fourth  or  fifth  day  was 
stated  by  Dupuytren  and  by  Sanson 
to  be  the  period  at  which  the  febrile 
symptoms  were  nicely  to  mate  tneir  appearance.  This,  then,  is  the  period  when  we 
ought  to  be  most  watchful  for  even  the  slightest  sign  of  inflammation  of  the  brain  and 
its  membranes ;  but  of  this  I  intend  to  treat  at  length  in  another  section. 

Protrusion  of  the  Brain-substance. 

Protrusion  of  the  brain  may  be  the  immediate  consequence  of,  or  it  may  come  on 
some  time  after,  the  accident. 

Contused  and  lacerated  portions  of  brain-substance  may  be  driven  through  a 
fracture  of  any  part  of  the  skull  ;  such  protrusions  almost  always,  however,  occur  in 
some  part  of  the  vault,  in  connection  with  a  compound  fracture  and  laceration  of  the 
cerebral  membranes.  And  however  dangerous  such  an  injury  may  be,  the  records 
of  surgery  contain  a  large  number  of  cases  in  which,  after  the  escape  of  more  or  less 
cerebral  matter,  the  patient  has  recovered,  and  that  without  any  apparent  detriment, 
either  physical  or  intellectual.  Opinions,  however,  differ  as  to  the  chances  of 
recovery  in  wounds  of  the  brain  in  different  regions  of  the  vaidt  of  the  skull.  On 
the  one  hand,  Sir  Benjamin  Brodie  1  states  that  he  had  not  been  able  to  discover, 
among  all  the  works  which  he  had  consulted,  a  single  instance  of  recovery  from  a 
wound  of  the  posterior  lobes  of  the  cerebrum  ;  and  in  the  great  majority  of  cases  in 
which  a  cure  had  taken  place,  the  injury  was  confined  to  the  frontal  bone,  and  that 
part  of  the  brain  which  is  covered  and  defended  by  it.  On  the  other  hand,  Mr. 
Guthrie's  2  experience  led  him  to  believe  that  an  injury  of  apparently  equal  extent 
is  more  dangerous  on  the  forehead  than  on  the  side  or  middle  of  the  head,  and  much 
less  so  on  the  back  than  on  the  side. 

But  it  occasionally,  although  very  rarely,  happens  that  brain-substance  is  forced 
through  a  fracture  of  the  base  of  the  skull,  in  direct  communication  with  the  ear  or 
with  the  nose,  or  it  might  be  with  the  pharynx.  In  such  cases,  the  injury  done  to 
the  brain-case  and  its  contents  must,  as  a  matter  of  course,  be  most  severe,  and,  with 
very  rare  exceptions,  necessarily  almost  always  fatal. 

Of  brain-matter  forced  through  the  meatus  externus  I  saw  a  case  at  St.  George's 
Hospital  in  October  1856.  The  accident  was  caused  by  a  fall  head-foremost  from  a 
great  height  ;  and  with  profuse  bleeding  from  the  left  ear  were  mixed  minute  portions 
of  brain-substance,  and  two  or  three  larger  pieces,  as  big  as  peas,  of  the  white  sub- 
stance of  the  brain  were  lying  in  the  meatus  externus.  Two  cases  of  the  same  kind 
are  on  record  :  one  in  the  '  Journ.  de  Med.  et  de  Chir.,'  177'J,  vol.  lii.  p.  4-r>4  ;  and 
the  other  in  the  '  Annales  de  Chir.,'  1813,  vol.  viii.  p.  229. 

Of  brain-matter  forced  through  the  nostrils  a  case  is  recorded  in  the  'Compend. 
de  ( !hir.,'  vol.  ii.  p.  .r)'J5  ;  and  another  in  the  '  Bull,  de  la  Soc.  Anat.  de  Paris,'  1837, 
p.  228. 

Injuries  such  as  these  are,  I  said,  necessarily  almost  always  fatal.  Occasionally, 
however,  recovery  does  take  place.    One  such  case  I  recollect  seeing  at  St.  Bartholo- 
mew's Hospital,  under  the  care  of  Mr.  Stanley.    There  had  been  a  fall  from  a  height 
1  Med.- Chir.  Trans,  xiv.  421.  2  Injuries  of  the  Iliad,  p.  2. 
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of  twenty  feet  j  and,. with  some  clots  of  blood,  a  portion  of  the  brain  of  the  size  of  a 
hazel-nnt  escaped  through  the  right  nostril.  The  injury  was  followed  by  severe 
inflammatory  symptoms ;  but  notwithstanding  all  this,  the  man,  aged  forty,  was  dis- 
charged from  the  hospital,  cured,  eighteen  weeks  afterwards.  The  case  is  published 
in  the  '  Medical  Gazette.' 1  And  another  case  of  recovery  after  an  equally  severe 
injury  has  been  recorded  in  the  '  Amer.  Journ.  of  Med.  Sc.,'  April  1859,  p.  354. 
In  this  case  the  patient,  aged  thirty,  plumped  from  a  great  height  on  to  the  crown 
of  his  head ;  there  was  copious  bleeding  from  the  light  ear,  and  with  it  a  small 
quantity  of  brain-matter.  On  the  following  day  a  fluid  of  watery  character  was 
flowing  from  the  ear ;  and  in  the  meatus  were  several  particles  which,  carefully 
examined,  proved  to  be  true  brain-matter.  The  man  returned  to  his  duty  five  weeks 
after  the  accident. 

I  have  never  seen  a  portion  of  the  brain  forced  into  the  pharynx,  but  I  have 
found  the  contents  of  the  pharynx  within  the  skull,  into  which  they  had  passed 
through  a  widely  separated  fracture  at  the  base. 

Thus  far  those  cases  only  have  been  considered  in  which  protrusion  of  the  brain 
occurs  at  the  time  of  the  accident.  In  all  these  cases  it  is  the  broken-up  brain- 
matter  which  is  driven  out  of  the  skull :  about  this  there  is  no  doubt. 

But  protrusions  at  times  occur  a  longer  or  a  shorter  period  after  the  accident, 
which  have  been  described,  more  especially  by  English  surgeons,  under  the  term  of 
hernia  cerebri ;  and  under  this  general  head  have  been  included  protrusions  of  divers 
natures,  and  some  even  having  nothing  of  brain-matter  in  them. 

Some  protrusions  are  said  to  have  arisen  simply  from  blood  extravasated  on  the 
outer  surface  of  the  dura  mater.  Described  as  tumeivrs  hematiques  by  M.  Velpeau, 
such  protrusions  have  nothing  to  do  with  the  brain- substa n ce ;  the  dura  mater  is  not 
even  broken  through.  An  outgrowth  of  this  nature  might  present  all  the  appear- 
ances of  one  form,  at  any  rate,  of  hernia  cerebri ;  and  most  difficult  would  it  be, 
during  life,  to  decide  as  to  the  precise  connections  of  the  tumour.  But  cases  such 
as  these  must  be  very  rare. 

In  hernia  cerebri — such,  I  mean,  as  it  is  described  by  English  surgeons — the 
protruded  substance  appears  to  have  varied  somewhat  in  its  nature  ;  but,  whatever 
may  have  been  the  actual  appearance  of  the  tumour  itself,  the  dura  mater  was  at 
any  rate  torn  through,  and  the  protruded  substance  was  more  or  less  intimately  con- 
nected with  the  brain.  In  some  cases  the  protrusion  is  described  as  having  been 
chiefly  composed  of  blood  extravasated  under  the  pia  mater,  between  it  and  the 
surface  of  the  brain,  or  in  its  most  superficial  parts.  In  other  cases  the  appearance 
of  the  protruded  mass  was  that  of  true  brain-substance,  looking  exactly  like  the 
structure  of  the  brain,  with  which  it  was  continuous.  And  in  other  cases,  again, 
the  tumour  is  represented  as  an  over-abundant  granulation  from  the  brain,  the 
injury  of  which  it  was  destined  to  repair. 

Personally  I  have  had  but  very  few  opportunities  of  examining  the  substance  driven  out 
of  the  skull  in  hernia  cerebri,  as  but  two  cases  of  this  affection  have  occurred  in  the  wards  of 
St.  George's  Hospital  during  several  years  past. 

In  both  cases  the  protruded  substance  certainly  presented  all  the  outward  appearances  of 
brain-matter  ;  and  in  the  last  one,  which  occurred  in  the  year  1855,  bits  taken  away  from 
different  parts  of  the  surface  of  the  protrusion  were,  at  various  periods,  examined  microscopi- 
cally :  blood-cells,  exudation-corpuscles,  and  many  nerve-tubules  were  detected  in  every 
portion  thus  submitted  to  the  glass  ;  and  this,  at  any  rate,  leaves  no  doubt  as  to  the  pro- 
trusion being,  in  some  cases,  of  hernia  cerebri,  formed,  in  part,  of  true  brain-matter.  I  may 
add  that  in  this  case  the  first  escape  of  brain-matter  took  place  through  a  rent  in  the  dura 
mater,  immediately  after  the  removal  of  a  depressed  piece  of  hone.  No  further  escape  of 
brain-matter  occurred  until  after  the  fourth  day,  when  the  protrusion  began  to  show  itself; 
from  this  period  it  went  on  gradually  increasing,  and  ultimately  formed  a  large  foul  mass, 
portions  of  which  sloughed  off  daily.  Within  a  few  days  of  the  patient's  death,  however, 
the  protrusion  became  much  less,  and  the  wound  put  on  a  healthier  aspect.  The  immediate 
cause  of  death  was  purulent  infection. 

The  destruction  of  brain-matter  in  some  cases  of  hernia  cerebri  is  sometimes  very 
great.    In  a  case  published  by  M.  Bouchacourt,2  the  destruction  was  so  great  that 


1  New  ser.  vol.  iii.  1846,  p.  77. 


2  Bull,  de  la  Soc.  Anat.  de  Paris,  t.  xiii.  p.  1. 
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the  lateral  ventricle  was  laid  open,  and  for  days  limpid  fluid  issued  through  the 
wound. 

Is  it  true  that  the  size  of  the  hole  in  the  hone  has  much  influence  in  causing 
hernia  cerebri  1  It  has  been  generally  taught,  and  Mr.  Guthrie  has  stated,  that  pro- 
trusion of  the  brain  '  rarely  or  never  takes  place,  when  a  considerable  portion  of 
the  skidl  has  been  lost  or  removed ;  the  brain  being  able  to  expand  to  such  an 
extent  as  the  inflammatory  impulse  from  within  may  render  necessary.'1 

But  facts  prove  that  hernia  cerebri  may,  and  does,  take  place  even  when  large 
portions  of  bone  have  been  lost.  In  the  case  of  M.  Bouchacourt,2  the  hernia  cerebri 
showed  itself  after  a  piece  of  the  frontal  bone  of  the  size  of  the  palm  of  the  hand  had 
come  away.  I  have  also  seen  a  hernia  cerebri  occur  after  a  considerable  loss  of  the 
frontal  bone — the  lower  part  of  the  perpendicular  portion  on  the  right  side,  and  the 
whole  of  the  corresponding  orbitar  plate.  And  a  case  occurred  not  long  ago,  at 
the  Lock  Hospital,  in  which  hernia  cerebri  took  place  after  separation  of  nearly 
the  whole  of  the  frontal  bone. 

There  is  no  doubt  that  hernia  cerebri  is  mainly  due  to  inflammation  of  the 
brain  and  to  the  effusion  of  serum  and  pus,  which  so  commonly  attends  these  cases. 
Where  the  brain  protrudes,  the  cerebral  substance  around  is  for  the  most  part  con- 
gested, swollen,  cedematous,  and  soft;  yellow  softening  may  extend  more  or  less 
into  the  surrounding  parts,  and  a  great  portion  of  the  tissue  may  be  broken  down. 
Abscesses  of  various  sizes,  sometimes  very  large,  are  not  unfrequently  found  in  the 
hemisphere  involved,  and  large  effusions  of  various  kinds  fill  the  ventricles.  And,  in 
addition  to  all  this,  there  is  generally  extensive  effusion  of  lymph  and  pus,  both  in 
the  cavity  of  the  arachnoid  and  in  the  sub-arachnoid  tissues. 

Hernia  cerebri  may  present  itself  in  any  part  of  the  skull.  It  occurs,  however,  by 
far  more  frequently  about  the  vault  of  the  skull,  and  esi>ecially  the  frontal  and 
parietal  regions.  Hernia  cerebri  is  rarely  found  in  fractures  of  the  base,  and  for  this 
reason,  that  in  the  great  majority  of  instances  the  inj  ury  to  the  bone  is  here  a  simple  fis- 
sure, and  without  any  laceration  of  the  dura  mater.  Whenever  a  fracture  of  the  base  is 
accompanied  by  a  large  enough  separation  between  the  fragments,  or  by  loss  of  bony 
substance,  as  well  as  by  a  laceration  of  the  dura  mater,  then  there  is  no  doubt  that 
hernia  cerebri  may  arise.    Such  fractures  are,  however,  very  rare. 

(toy  of  the  most  striking  cases  of  hernia  cerebri  at  the  base  of  the  skull  was  under  the  care 
of  Mr.  Caesar  Hawkins,  many  years  ago,  at  St.  George's  Hospital.  The  patient,  a  boy,  aged 
eleven,  accidentally  shot  himself  with  a  horse-pistol  loaded  with  a  bullet,  which  smashed  the 
right,  malar  bone  below  the  orbit,  and  then  lodged  in  the  head.  After  he  had  recovered  from 
the  first  effects  of  the  accident,  he  went  on  without  any  marked  cerebral  symptoms  for  seven 
days,  when  he  became  restless,  and  then  delirious;  in  the  afternoon,  brain-matter  and  blood 
began  to  be  discharged,  and  a  soft  fungus-like  growth  showed  itself  in  the  wound,  and  the 
patient  died,  insensible,  about  thirty  hours  afterwards.  At  the  post-mortem  examination,  con- 
siderable quantities  of  brain-matter  were  found  protruding  through  the  large  gap  made  bythe 
bullet  in  the  sphenoid  and  temporal  bones.  The  substance  of  the  bone  around  the  protrusion 
was  vascular,  and  of  the  yellow  colour  usually  found  in  such  cases.  The  henna  cerebri  in 
the  middle  fossa  of  the  base  of  the  skull  is  now  in  the  Museum  of  St.  George's  Hospital. 

Under  fit  circumstances,  the  protrusion  may  occur  at  an  earlier  or  a,  later  period 
—  it  may  be  days,  it  may  be  weeks.  After  the  removal  of  the  bone  everything  may 
appear  to  be  going  on  well  for  a  long  period — as  long,  in  fact,  as  the  dura  mater 
remains  entire  :  but,  should  anything  lead  to  the  giving  way  of  this  membrane,  and 
should  this  be  accompanied  by  inflammation  of  the  par  ts  beneath,  protrusion  may, 
at  any  time,  as  alr  eady  mentioned,  be  the  consequence.  Ther  e  ar  e  cases  on  record  irr 
which  the  protrusion  did  not  come  orr  until  after  the  second  month,  and  sorrre  are  men- 
tioned in  which  the  interval  was  even  longer.  The  usual  period,  however,  for  such 
protrusions  is  generally  at  the  time  when  inflammatory  symptoms  are  most  apt  to 
set  in — that  is,  within  a  few  days  after  the  injury. 

What  is  the  course  of  such  tumours  1  Varying  in  shape  and  in  size,  according 
to  the  hole  in  the  dura  mater  through  which  they  have  to  pass,  such  tumours 
gradually  increase  in  bulk,  and  sometimes  form  a  large  ura^s,  overlapping  arrd  com 


1  Inf.  of  the  Read,  p.  138. 
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pletely  covering  the  wound  in  the  scalp ;  in  their  progress,  portions  break  down, 
become  sloughy,  and  disappear ;  and,  under  favourable  circumstances,  the  whole 
tumour  may  thus,  in  the  course  of  time,  waste  away,  and  cicatrisation  of  the  wound 
follows;  or,  as  the  daily  wasting  takes  place,  further  protrusion  ensues,  going  on 
and  on  for  days  and  days,  until  the  patient  dies  :  and,  in  some  rare  cases,  such  a 
protrusion  has  been  brought  suddenly  to  an  end  by  the  patient  tearing  away  the 
whole  tumour,  and  recovery  has  ensued.  And  experience  has  also  proved  that 
the  protrusion  may  shrink,  waste  away,  and  at  last  disappear  totally  without  any 
sloughing. 1 

But  in  the  majority  of  cases  the  patient  sinks,  sooner  or  later,  under  the  inflam- 
matory processes  going  on  within  the  skull.  And  hernia  cerebri  is  certainly  a  most 
formidable,  and  most  frequently  a  fatal,  affection  ;  not  so  much,  however,  on  account 
of  the  protrusion,  as  of  the  circumstances  which  gave  rise  to  it.  Still  there  are 
oa  record  a  goodly  number  of  cases  in  which  patients  recovered  even  after  very 
large  protrusions.  Indeed,  in  one  case,  published  by  M.  Spring,2  the  protrusion  is 
said  to  have  involved  the  whole  of  the  left  hemisphere  ;  notwithstanding  which,  the 
patient  got  well  and  lived  for  eleven  years  afterwards,  and  at  the  post-mortem 
examination  the  left  side  of  the  cranium  is  said  to  have  been  found  quite  empty. 

As  to  the  symptoms  accompanying  hernia  cerebri,  they  are  those  of  inflammation 
of  the  brain  and  its  membranes,  running  its  various  courses,  and  such  as  exist  with- 
out any  protrusion.  But,  in  some  cases,  large  protrusions  of  brain-matter  may  be 
seen  with  daily  sloughing  and  reproduction,  and  yet  with  but  few  symptoms,  and 
those  only  slightly  marked.  In  the  case  referred  to  at  page  611,  of  extensive 
protrusion  from  the  anterior  lobe  of  the  right  hemisphere  of  the  brain,  under  the 
care  of  Mr.  Caesar  Hawkins,  at  St.  George's  Hospital,  the  patient  rambled  a  good 
deal,  but,  when  spoken  to,  always  readily  answered  every  question  put  to  him  :  there 
were  some  few  and  occasional  twitches  about  the  muscles  of  the  face,  and  the  motions 
and  urine  were  passed  unconsciously.  The  protrusion  became  larger  and  larger ; 
portions  of  it  sloughed  away  daily,  and  the  only  additional  symptoms  were  an 
occasional  fit  of  syncope,  from  which  the  patient  soon  rallied  after  taking  a  little  wine, 
and  some  loss  of  power  about  the  right  arm  :  and  this  was  all.  The  patient  ultimately 
died  from  purulent  infection. 

The  treatment  of  hernia  cerebri  is  to  be  of  the  simplest  kind.  The  less  the 
protrusion  is  meddled  with,  the  better.  As  a  general  rule,  removal,  either  by  tearing 
away,  slicing  off,  or  ligature,  is  to  be  avoided.  The  parts  are  to  be  kept  as  clean  as 
possible,  for  which  purpose  gentle  syringing,  with  some  slightly  astringent  antiseptic 
lotion,  may  be  resorted  to  ;  and  an  antiseptic  absorbent  dressing  should  be  put  on. 
In  the  earlier  stages,  when  the  tumour  is  but  small,  general  pressure  may  be 
advantageous;  but  in  the  larger  protrusions  it  should  be  abandoned.  The  general 
treatment  of  such  cases  is  that  appertaining  to  intracranial  inflammation,  varying 
according  to  the  symptoms  and  the  condition  of  the  patient. 

And  from  all  this  it  follows,  that  all  causes  which  may  lead  to  irritation  and 
inflammation  of  the  parts  within  the  skull  should,  if  possible,  be  carefully  removed. 
No  splinter,  no  depressed  fragment  of  bone,  no  foreign  body  should  be  left,  if  it  can  be 
got  away  without  undue  risk.  At  the  after- death  examination  of  one  case  of  hernia 
cerebri  which  fell  under  my  notice,  several  pieces  of  bone  were  found  firmly  fixed  to 
the  outer  surface  of  the  dura  mater,  and  there  was  one  larger  fragment,  of  a  triangular 
shape,  which  had  pierced  the  membranes,  and  was  sticking  in  the  brain.  The  same 
fact  has  been  noticed,  and  especially  dwelt  upon,  by  several  surgeons. 

Injuries  of  the  Cerebral  Nerves. 

In  connection  with  injuries  of  the  head,  one  or  more  of  the  cerebral  nerves  are 
sometimes  found  seriously  affected  in  their  functions  :  and  should  the  patient  survive, 
this  affection,  however  alarming  at  first  sight,  may  sooner  or  later  pass  off  altogether, 

1  Laurie,  Lond.  and  Ed.  Month.  Jour.  June  1844,  p.  478. 

2  De  la  Hernie  du  Cerveau,  1853,  p.  72. 
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or  nearly  so;  or  paralysis  of  the  cerebral  nerve  may  remain,  and,  in  fact,  be  the  only 
evidence  of  the  patient  having  had  a  severe  injury  of  the  head. 

Traumatic  affections  of  the  cerebral  nerves  may  coexist  with,  and  be  produced  by, 
very  different  injuries  of  the  head. 

The  nerve  may  be  torn  or  otherwise  injured  by  the  instrument  which  produced 
the  fracture.  This,  however,  is  upon  the  whole  a  rare  form  of  injury ;  but  some 
nerves  are  by  their  situation  and  connections  rendered  more  liable  to  it  than  others. 
For  instance,  the  olfactory,  and  more  especially  the  optic  and  other  nerves  of  the 
orbit,  may  be  injured  in  a  thrust-wound ;  and  such  wounds,  although  rare,  are,  as 
already  mentioned,  occasionally  met  with  in  civil  hospitals. 

Closely  connected  with,  and  passing  through,  holes  and  canals  in  the  bones,  the 
cerebral  nerves  may  be  torn  or  injured  by  a  fracture  implicating  the  base  of  the  skull. 
And  here  again  it  will  be  found  that  some  nerves  are  very  much  more  liable  to  injury 
than  others.  Of  all  the  cerebral  nerves,  the  seventh  pair,  for  instance,  is  thus 
injured  much  more  frequently  than  any  other  nerves.  This  is  easily  explained  by  the 
relative  frequency  of  fractures  cutting  across  the  petrous  bone,  and  involving  the  long 
bony  canal  through  which  these  nerves  have  to  pass ;  and,  for  ages,  paralysis  of  the 
facial  or  of  the  acoustic  nerve  has  been  held  as  a  valuable  sign  of  fracture  of  the  base 
in  severe  injuries  of  the  head.  But,  on  the  other  hand,  it  must  not  be  taken  for 
granted  that  in  every  such  case  of  paralysis  the  petrous  bone  has  been  broken  and 
the  nerve  torn.  The  paralysis  may,  after  some  little  time,  pass  off,  and  then  it  is 
evident  that  the  affection  of  the  nerve  must  have  been  connected  with  some  other 
form  of  injury.  Other  nerves  are  liable  to  injury  from  their  close  connection  with  a 
piece  of  broken  bone,  and  this,  too,  away  from  their  bony  canal. 

Again,  paralysis  of  the  cerebral  nerves  may  be  dependent  upon  a  traumatic 
effusion  of  blood  at  the  base  of  the  brain.  And  this  extravasation  may  affect  the  nerve, 
either  by  pressing  upon  it  in  some  part  of  its  course,  or  by  jiressure  upon  the  part 
of  the  brain  connected  with  the  nerve.  The  extravasation  may  ultimately  be  absorbed  ; 
and  thus  is  explained  that  form  of  paralysis,  not  unfrequently  observed  about  some 
cf  the  cerebral  nerves  after  an  injury  of  the  head,  which  lasts  for  a  longer  or  a  shorter 
period,  and  then  gradually  disappears. 

The  injuries  of  the  various  cranial  nerves,  viewed  separately,  present  some  points 
of  especial  interest,  which  must  now  be  considered. 

First  pair. — The  olfactory  may  be  torn  across  in  a  fracture  of  the  base  of  the 
skull.  It  was  so  in  a  soldier  in  whom  the  ethmoid  had  been  broken  to  pieces  by  a 
bullet.1  But  j^aralysis  of  this  nerve  not  unfrequently  occurs  in  cases  where  the 
head  has  been  severely  injured,  without  any  direct  evidence  of  fracture.  In  such 
cases  we  are  led  to  suppose  that  an  extravasation  of  blood  was,  in  all  probability, 
the  cause  of  the  paralysis  of  this  nerve,  and  this  extravasation  may  have  affected 
either  the  nerve  itself  or  the  adjacent  part  of  the  brain. 

In  looking  into  these  cases  it  will  be  found  that  the  loss  of  smell  followed  such 
an  injury  as  might  lead  to  the  anterior  lobes  of  the  brain  being  driven  against  the 
bones,  and  bruised.  And,  tightly  bound  down  in  the  greater  part  of  their  course  to 
the  brain  by  the  arachnoid  membrane,  the  olfactory  nerves  may  in  this  form  of 
in  jury  occasionally  be  more  or  less  bruised,  or  pressed  upon  by  an  extravasation 
of  blood. 

In  one  case  mentioned  by  Sir  B.  Brodie,2  a  gentleman  met  with  an  injury  of  the  head 
which  deprived  him  of  the  sense  of  smell.  After  some  time,  however,  he  began  to  recover 
from  this  symptom,  and  at-theend  of  a  year  his  smell  was  completely  restored.  And  in  another 
case,3  where  the  loss  of  smell  also  followed  a  severe  injury  of  the  head,  this  symptom  per- 
sisted without  the  slightest,  improvement  many  years  afterwards. 

In  relation  to  the  loss  of  smell,  great  care  must  he  talien  lest  there  he  some  error  as  to  the 
existence  of  this  symptom.  In  a  case  in  St.  George's  Hospital,  some  years  hack,  the  patient, 
who  was  suffering  from  a  traumatic  paralysis  of  the  face,  appeared  for  several  weeks  to  have 
lost  the  sense  of  smell  upon  the  left  side;  even  the  strong  liquor  ammonia?  produced  no 

1  Johert,  Plaits  darmes  a  fen,  p.  139.  2  Mcd.-Chii:  Trans,  vol.  xiv.  p.  3G5. 

3  Ibid.  vol.  xiv.  p.  421. 
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effect,  save  that  of  lachrymation.  At  length  it  was  discovered  that,  owing  partly  to  a  de- 
flection of  the  septum  towards  the  lei't  side,  and  partly  to  the  imperfect  action  of  the  muscles, 
the  left  nostril  had,  under  ordinary  circumstances,  become  impervious  to  air.  On  dilating 
the  lei't  nostril  artificially,  it  was  found  that  the  patient  could  smell  equally  well  on  both 
sides.1 

Second  pair. — The  optic  may  be  torn  across  in  a  fracture  of  the  orbit. 

In  the  case  of  a  child,  over  whose  head  a  cab-wheel  had  passed,  the  roof  of  the  orbit,  in 
addition  to  other  extensive  fractures,  was  broken  up  into  fragments,  and  the  optic  nerve  and 
straight  muscles  were  completely  torn  through,3 

This  nerve  is  also  so  circumstanced  that  it  may  be  pressed  upon  by  a  fragment  of 
broken  bone  away  from  its  foramen,  so  as  to  give  rise  to  total  blindness. 

Such  was  the  case  in  an  old  man  admitted  into  St.  George's  Hospital  after  having  been 
run  over  by  a  cart.  There  was  a  fracture  with  depression  of  one  of  the  parietal  bones ;  but 
the  most  marked  symptom  was  total  blindness,  which  was  explained,  at  the  after-death 
examination,  by  the  optic  nerves,  immediately  behind  the  orbits,  being  pressed  upon  by  the 
broken  sphenoid  bone.3 

But  loss  of  sight  may  also  be  caused  by  pressure  from  an  extravasation  of  blood 
connected  with  a  fracture  of  the  base.  And  this  extravasation  may  lie  either  within 
the  skull  or  in  the  orbit. 

Tn  M.  A.  Richard's  ease  *  with  evident  signs  of  fractured  base  of  the  skull, the  orbits  were 
filled  with  blood,  and  especially  the  left,  on  which  side  total  loss  of  sight  was  observed  on 
the  followin<r  day.    The  blood  in  the  orbits  was  gra-     _  ^  ,  ,.  ' 

dually  absorbed/and  the  sight  of  the  left  eye  was     Fig.  90 -Extravasation  of  Blood 
completely  restored  within  a  month.    In  this  case  ln  shea1n  ot  UPtlc  JNerve- 

the  loss  of  sight  was  due,  it  was  thought,  to  the 
blood  extravasated  in  the  orbit ;  but,  in  reference  to 
this  point,  I  would  especially  direct  attention  to  the 
extravasation  of  blood  which,  after  severe  injuries  of 
the  head,  sometimes  tales  place  within  the  neurilemma 
of  the  optic  nerve  as  it  lies  in  the  orbit.  In  severe 
injuries  of  the  head,  and  especially  those  about  the 
orbits,  I  have  several  times  seen  the  neurilemma  of 
the  optic  nerve  distended  with  blood,  which  had 
evidently  proceeded  from  the  veins  contained  within 
this  sheath.  In  the  Museum  of  St.  George's  Hospital  are  two  optic  nerves,  both  taken  from 
the  same  patient,  in  which  these  appearances  are  well  marked. 

Such  extravasations  deserve,  I  think,  more  than  a  passing  notice,  for  it  seems  to 
me  that  blood  thus  situated  will  serve  to  explain  some  of  those  cases  in  which  blind- 
ness has  existed  for  some  time  after  an  injury  of  the  head,  and  then  gradually  disap- 
peared. In  such  cases  the  nerve-fibrils  are  not  torn  or  injured  ;  the  neurilemma  is 
simply  cram-full  of  blood;  and  as  this  blood  becomes  absorbed,  sight  is  restored. 
And  thus  it  is  that  I  would  explain  M.  A.  Richard's  case.  The  orbit  was,  it  is  true, 
filled  with  blood  ;  but  as  it  is  not  stated  that  the  effusion  led  to  the  least  protrusion 
of  the  eyeball,  I  think  it  more  than  probable  that  the  pressure  on  the  optic  nerve 
was  from  blood  within  its  sheath,  and  not  from  the  blood  in  the  orbit.  And  then, 
again,  it  is  expressly  stated  in  this  case  that  none  of  the  other  nerves  of  the  orbit 
were  affected,  which  they,  in  all  probability,  would  have  been,  had  the  paralysis  of 
the  optic  nerve  depended  solely  upon  the  blood  in  the  orbit. 

Third  pair. — From  its  connections,  the  third  pair  of  nerves  is  less  liable  to 
injury  from  broken  bone  than  most  of  the  other  cerebral  nerves.  But  it  is  liable  to 
pressure  from  extravasated  blood.  A  case  of  paralysis  of  the  third  nerve,  in  a  frac- 
ture of  the  skull,  is  referred  to  by  MM.  Denonvilliers  and  Gosselin,5  in  which  a  clot 
of  blood  was  found  lying  in  the  space  between  the  crura  cerebri.  And  Sir  B.  Brodie  6 
states  that  he  has  '  known  a  ptosis  of  the  left  upper  eyelid  connected  with  pressure 
on  the  inferior  surface  of  the  left  hemisphere  of  the  cerebum ;  the  pressure  being 

1  Med.  Times  and  Gazette,  1852,  new  ser.  vol.  iv.  p.  240. 

2  Bull,  de  la  Soc.  Anat.  de  Paris,  1837,  p.  228. 

3  Med.-Chir.  Trans,  vol.  xiv.  p.  348.   '  4  Gaz.  des  Hopit.  1854,  p.  446. 
5  Mai.  des  Yeutc,  p.  821.  6  Loo.  t  it.  p.  351. 
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so  situated  as  to  affect  the  nerve  of  the  third  pair  immediately  behind  the  left  cavern- 
ous sinus.' 

After  an  injury  of  the  head,  all  the  branches  of  the  third  pair  of  nerves  may  be 
paralysed.  But  it  is  curious  to  observe  how  much  more  frequently  it  is  a  single 
branch  of  this  nerve  which  is  thus  affected.  For  instance,  there  may  be  ptosis  of 
the  upper  lid,  and  this  may  be  the  only  part  paralysed.  Why  one  branch  alone  of 
this  nerve  should  be  thus  singled  out  from  all  its  other  branches  it  would  be  impos- 
sible to  say  :  not  only  may  this  be  the  case,  however,  but  one  branch  of  the  upper 
division  of  this  nerve,  and  another  branch  of  its  lower  division,  may  be  paralysed  at 
the  same  time,  without  any  of  its  other  branches  being  affected.  It  is  a  matter  of 
especial  interest  that  we  should  note  that  there  may  be  ptosis  and  a  dilated  immov- 
able pupil. 

A  gentleman  1  fell  from  his  horse,  received  a  severe  contusion  of  the  head,  and  was  taken 
home  labouring  under  manifest  symptoms  of  pressure  on  the  brain.  When,  after  the  lapse 
of  several  days,  these  symptoms  became  somewhat  abated,  it  was  observed  that  the  pupil  of 
the  right  eye  was  dilated,  and  incapable  of  contraction  ;  but  his  power  of  vision  was  un- 
affected. This  symptom  was  accompanied  with  a  ptosis  of  the  right  upper  lid,  and  a  numb- 
ness of  the  right  hand.  Nearly  a  year  elapsed  before  the  pupil  was  restored  to  its  natural 
condition. 

A  man2  fell  from  a  height  and  alighted  on  his  head:  amidst  other  severe  symptoms,  it 
was  noted,  four  weeks  after  the  accident,  that  the  left  upper  lid  was  paralysed,  and  the  left 
pupil  dilated,  with  some  impairment  of  the  sight.  The  right  pupil  was  natural.  These 
symptoms  gradually  wore  off ;  and  the  power  of  the  upper  lid,  and  the  sight,  were  com- 
pletely restored,  within  some  thirteen  months  after  the  injury. 

In  both  these  cases  it  is  especially  worthy  of  note  that  the  paralysis  disappeared 
after  a  time.  In  the  latter  case  it  is  mentioned  that  there  was  some  impairment  of 
the  sight ;  and  this  might  lead  to  the  supposition  that  the  optic  nerve,  too,  was  in 
some  degree  affected.  There  is  no  proof,  however,  that  such  an  affection  did  in  truth 
exist ;  the  impairment  of  the  sight  may  have  been,  and  most  probably  was,  owing  to 
the  dilatation  of  the  pupil;  but  a  simple  contrivance — a  card  pierced  with  a  small 
hole — would  have  settled  this  point. 

Fourth  fair. — As  to  the  pathetic  nerve,  I  know  of  no  case  in  which  it  was 
found  torn  or  bruised  in  a  fractured  base.  The  relations  of  this  nerve  with  the  sur- 
rounding parts  will  easily  explain  this  apparent  immunity  from  direct  injury. 

Fifth  pair. — -Affections  of  this  nerve  have  not  unfrequently  been  met  with  after 
injuries  of  the  head,  the  paralysis  manifesting  itself  upon  one  or  more  of  its 
branches,  and  this  too  combined,  for  the  most  part,  with  palsy  of  some  other  cerebral 
nerve. 

A  man,3  aged  thirty-five,  having,  the  day  before,  been  buried  by  some  earth  falling  in 
upon  him,  was  admitted  into  the  Hopital  St.  Antoine,  in  June  1854,  in  a  state  of  perfect 
insensibility,  and  with  such  profuse  bleeding  from  the  nose  that  it  became  necessary  to  plug 
his  nostrils.  The  ocular  conjunctiva,  especially  on  the  left  side,  was  distended  with  blood, 
and  so,  too,  were  the  eyelids.  He  gradually  recovered,  and  then  paralysis  of  various  nerves 
.became  evident  at  different  periods.  The  right  upper  lid  and  eyeball  lost  all  power  of 
motion.  A  few  days  afterwards,  and  paralysis  of  the  right  side  of  the  face  was  observed  ; 
it  was  not  quite  complete,  but  both  sensation  and  motion  were  manifestly  affected.  Ten 
days  after  the  patient  had  been  in  the  hospital,  the  conjunctiva  of  the  right  eve  was  (edema- 
tous and  much  ehemosed  ;  the  cornea  could  be  touched  freely  without  flinching ;  it  had  lost 
some  of  its  transparency,  and,  at  its  lower  part,  there  was  a  yellow  spot  like  an  interlamellar 
abscess.  Towards  the  end  of  the  month  the  cornea  presented  a  slight  ulceration  opposite  to 
the  yellow  spot,  and  the  facial  paralysis  was  even  more  marked.  Matters  went  on  much  in 
the  same  way  during  the  mouth  of  July,  with  more  ulceration,  however,  about  the  eye,  and 
less  paralysis  of  the  face.  Early  in  August  the  cornea  gave  way,  and  the  aqueous  humour 
escaped.  Later  on  in  the  month  the  patient  began  to  improve;  subsequently  the  right 
cornea  cicatrised,  and  he  could  see  from  the  upper  part;  and,  ultimately,  both  sensation  and 


1  Med.-Chir.  Tram.  vol.  xiv.  p.  854. 

2  Lond.  and  Edinb.  Month.  Jonrn.  Sept.  1843,  p.  707. 

3  Gaz.  des  Hopitaux,  1854,  p.  446;  A.  Richard. 
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motion  were  restored  to  the  right  side.  Such,  as  far  as  the  fifth  pair  of  nerves  is  concerned, 
are  the  details  of  this  most  interesting  case. 

One  more  case  of  palsy  of  the  fifth  pair.  The  man  1  was  in  St.  George's  Hospital  in 
the  year  1841.  At  the  time  of  his  admission,  seven  weeks  after  a  very  severe  injury  of  the 
head,  there  was  total  loss  of  sensation  on  the  left  side  of  the  face  and  upper  part  of  the 
head — in  fact,  in  every  part  dependent  upon  the  fifth  pair  of  nerves ;  there  was  no  sense  of 
taste  or  of  feeling  on  the  left  side  of  the  tongue,  except  at  its  root,  and  no  consciousness  of 
any  sensation  when  a  prohe  was  introduced  into  the  left  nostril ;  and  the  muscles  of  masti- 
cation on  this  side  had  less  power.  Several  other  nerves  were  also  seriously  affected.  His 
history  was,  that  he  had  fallen  from  a  height  of  twenty-eight  feet,  a  heavy  piece  of  timber 
at  the  same  time  falling  upon  the  left  side  of  his  head.  The  accident  was  followed  by 
perfect  insensibility,  for  several  hours,  and  the  loss  of  a  large  quantity  of  blood  from  the 
ears,  nose,  and  mouth;  there  had  been  paralysis  of  the  right  side  of  the  body,  but  from  this 
he  had  recovered.  His  intellect  was  sound,  and  he  answered  all  questions  with  great  pre- 
cision. Very  little  improvement  followed,  notwithstanding  various  plans  of  treatment. 
The  power  of  raising  the  left  upper  lid  was  regained,  but  the  cornea  of  the  left  eye  gradually 
became  opaque.  And  when  seen,  many  years  afterwards,  this  man  was  much  in  the  same 
state,  save  that  the  cornea  had  become  somewhat  more  transparent. 

Such  is  traumatic  paralysis  of  the  fifth  pair  of  nerves ;  caused  in  some  instances, 
no  doubt,  by  pressure  from  extra vasated  blood,  and  in  other  instances  again  by  some 
more  permanent  injury  ;  at  times  passing  off  within  a  few  weeks,  at  other  times 
abiding  year  after  year.  The  cases  which  have  been  mentioned  were,  moreover, 
especially  selected  in  inference  to  the  subsequent  condition  of  the  cornea.  In  the  first 
case,  in  which  the  affection  of  the  nerve  was  incomplete,  and  passed  off  altogether  within 
four  months,  the  cornea  sloughed ;  but  in  the  other  case  there  was  no  sloughing  of 
the  cornea,  notwithstanding  the  perfect  palsy  of  many  years'  standing.  Both  cases 
afford  good  examples  of  the  two  foi'ms  of  diseased  action  referred  to  in  Mr.  Dixon's  2 
valuable  paper  on  anaesthesia  of  the  fifth  nerve. 

Sixth  pair. — Paralysis  of  the  abducens  nerve  occurs  sometimes  after  an  injury  of 
the  head  ;  it  may  exist  alone,  or  be  combined  with  paralysis  of  several  other  branches. 
The  sixth  nerve  may  be  torn  across  in  a  fracture  of  the  base ;  indeed,  its  connections 
with  the  petrous  bone  render  this  nerve  liable  to  direct  injury.  From  its  slender- size, 
and  passing  as  it  does  in  a  groove  on  the  superior  border  of  the  petrous  bone,  the 
sixth  nerve  may  be  snapped  across  in  a  fracture  of  this  part  of  the  base. 

A  man3  fell  from  a  height,  and  alighted  on  his  face.  He  never  lost  his  senses;  merely 
felt  shaken  ;  walked  home,  and  returned  to  his  work  next  day.  Four  days  afterwards,  how- 
ever, he  began  to  suffer  from  head-symptoms,  and  three  weeks  from  this  time  it  was  noticed 
that  the  right  eye  was  drawn  inwards.  He  went  on  from  bad  to  worse,  and  died  at  the  end 
of  four  months.  A  fracture  was  found  running  across  and  detaching  the  inner  third  of  the 
right  petrous  bone,  and  opposite  to  this  the  sixth  nerve  was  snapt  asunder. 

In  this  case  the  sixth  was  the  only  nerve  injured  ;  and  thus  it  was  also  in 
another  instance,  mentioned  by  M.  Aran,4  in  which  a  man,  after  receiving  a  violent 
blow  on  the  head,  lost  all  power  of  moving  the  eye  outwards.  There  was  a  distinct 
squint,  for  which  he  was  operated  upon  by  M.  Maisonneuve  ;  but  with  very  little  or 
no  benefit. 

Paralysis  of  the  abducens  not  unfreqnently  coexists  with  that  of  some  of  the 
other  cerebral  nerves.  Of  this  there  are  several  cases  on  record,  in  which  this  nerve 
as  well  as  the  others  gradually  regained  its  power. 

Seventh  pair. — As  for  the  facial  and  the  acoustic,  paralysis  of  these  nerves  is  one 
of  the  common  signs  of  fracture  of  the  base  of  the  skull.  Connected  as  these 
branches  are  with  the  petrous  bone,  they  may  be,  and  are  frequently,  torn  across  in 
a  fracture  implicating  this  region.  And  although  so  closely  connected — bound  up 
in  the  same  sheath — lodged  in  the  same  canal — one  of  these  nerves  may  be  injured 
and  not  the  other.  Facial  paralysis  not  unfreqnently  exists  without  deafness ;  and 
sometimes  there  is  marked  deafness,  without  any  affection  of  the  muscles  of  the  face. 
The  paralysis  may  be  strongly  marked,  but  it  may  pass  off  in  a  few  months.  In 


1  Med.  Times  and  Gaz.  1852,  p.  240 ;  Henry  Lee. 

2  Med.-Chir.  Trans,  vol.  xxviii.  p.  373. 

3  Journ.  VExper.  nov.  1843 .  4  Arch.  gen.  de  Med.  nov.  1844,  p.  338. 
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such  cases  the  injury  may  have  consisted  in  an  extravasation  of  blood  within  the 
tubular  sheath  of  the  arachnoid  belonging  to  these  nerves.  I  have  seen  a  small 
clot  of  extravasated  blood  lying  between  the  nerves,  at  the  bottom  of  the  meatus 
interims. 

* 

Eighth  rnul  ninth  pairs. — Affections  of  these  nerves  occur  but  seldom  after 
injuries  to  the  head.  The  bony  canals  through  which  these  nerves  pass  are  short, 
and  the  nerves  themselves  lie  in  the  region  of  one  of  the  large  sub-arachnoidean 
spaces,  the  fluid  of  which  would,  by  its  displacement,  allow  room  for  blood  to  be 
extravasated  without  any  great  amount  of  pressure. 

Should  an  affection  of  these  nerves  thus  occur,  however,  the  symptoms,  in  such 
cases,  are  certainly  most  distressing;  but,  however  distressing,  they  are  not  always 
fatal,  and  they  may  even  disappear  altogether.  A  forcible  illustration  of  this  will  he 
found  in  the  two  following  cases. 

In  one  instance,1  mentioned  by  Mr.  Hilton,  with  paralysis  of  some  other  cerebral  nerves, 
it  is  particularly  noticed  that  the  patient  manifested  much  difficulty  in  swallowing  ;  the 
tongue  was  thrust  over  to  one  side;  articulation  was  slow,  and  enunciation  very  imperfect  ; 
and  there  was  pain  extending  down  the  neck,  on  the  side  affected,  as  far  as  the  clavicle.  The 
patient  had  bleeding  from  the  ears,  nose,  and  mouth,  after  an  injury  of  the  head;  but  he 
recovered  in  a  few  months,  and  with  only  slight  traces  of  paralysis  left. 

A  grenadier2  was  struck  in  the  region  of  the  posterior  superior  angle  of  the  left  parietal 
by  a  lance,  which  passed  deep  into  the  substance  of  the  brain.  The  lance  was  withdrawn  a 
few  hours  afterwards,  and  the  wound  healed  rapidly.  The  intellect  was  as  good  as  it  was 
before  the  injury,  but  the  glosso-pharyngeal,  the  par  vagum,the  hypoglossal,  spinal-accessory, 
and  sub-occipital  were  all  paralysed.  Aphonia,  dysphagia,  dyspnoea,  with  contractions  of 
the  muscles  accessory  to  respiration — more  or  less  paralysis  of  the  pharynx,  oesophagus,  and 
stomach — so  that  large  doses  of  emetics  had  no  effect ; — such  were  some  of  the  most  dis- 
tressing symptoms  presented  by  this  poor  fellow. 

One  more  case,  in  which  the  eighth  pair  of  nerves  became  affected,  must  he 
mentioned,  as  it  shows  what  consequences  may  arise  by  subsequent  displacement  of 
the  fractured  bones  in  an  injury  of  the  base. 

A  man  3  was  admitted  into  Guy's  Hospital  with  symptoms  of  concussion  of  the  brain, 
and  fractured  base  of  the  skull.  He  went  on  well  until  the  tenth  day,  and  then,  after 
getting  out  of  bed,  and  walking  across  the  ward  to  talk  to  his  wife,  he  was  seized  with 
rigors  and  vomiting,  and  gradually  fell  into  a  semi-unconscious  state.  Towards  the  evening 
appeared  difficulty  of  swallowing,  and  the  breathing  became  gasping.  The  difficulty  of 
swallowing  increased  ;  and  before  the  morning  everything  was  rejected  as  soon  as  it  reached 
the  pharynx.  He  died  of  coma  and  asphyxia,  within  forty-eight  hours  after  the  setting- in 
of  the  serious  symptoms.  The  brain  and  its  membranes  were  healthy  ;  there  was  no  appear- 
ance of  anything  like  inflammatory  action  ;  neither  was  the  brain  bruised  or  lacerated.  A 
line  of  fracture  intersecting  the  right  foramen  lacerum  posterius,  and  running  across  the  base, 
divided  this  part  of  the  skull  into  an  anteiior  and  a  posterior  portion,  freely  movable  upon 
each  other;  and  the  bones  here  were  so  displaced,  that  the  right  cerebellar  fossa  was  lower 
than  the  left. 

In  commenting  upon  this  case,  Mr.  Hilton  very  justly  remarks  that  the  difficulty 
of  swallowing  and  breathing,  which  suddenly  made  its  appearance  after  the  man's 
walk  across  the  waid,  was  in  all  probability  caused  by  the  displacement  of  the 
bones  at  the  foramen  lacerum  posterius — a  displacement  by  which  the  eighth  pair 
of  nerves  was  irritated,  if  not  severely  pressed  upon.  And  as  there  was  not  the 
slightest  trace  of  inflammation  about  the  bi'ain  or  its  membranes,  this,  no  doubt,  is 
(lie  right  explanation  of  the  symptoms  which  so  suddenly  made  their  appearance. 

And  this  view  of  the  case  is  borne  out  by  Sir  0.  Bell's'1  two  cases,  in  which 
sudden  death  was  caused  by  the  after- displacement  of  fractured  portions  of  the 
foramen  magnum,  and  consequent  pressure  upon  the  medulla  oblongata,. 

Special  treatment  in  injuries  of  the  cerebral  nerves  seems  to  he  of  hut  little 
avail.  If  dependent  upon  extravasated  blood,  or  any  other  cause  removable  by  the 
efforts  of  nature,  the  paralysis  will  gradually  disappear  in  the  course  of  time  ;  but  I 


1  Lancet,  1863,  vol.  i.  p.  421.  2  Chassaignac,  Plates  de  Tete,  p.  93. 

1  Lancet,  1853,  vol.  i.  pp.  24,  26,  147. 

4  On  the  Nervous  System,  3d  edit.,  cases  cxlvi.-cxlix. 
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know  of  no  particular  plan  of  treatment  which  will  help  us  much  in  such  cases.  At 
least,  mercury,  blistering,  and  other  remedies  usually  resorted  to,  have  not,  as  far  as 
I  have  seen,  produced  any  very  marked  benefit.  And  in  using  electricity  we  must 
be  very  careful  lest  it  produce  disturbance  about  the  head,  which  it  is  apt  to  do, 
especially  if  employed  at  too  early  a  period  after  the  injury.  On  the  whole,  I  should, 
in  all  cases  of  traumatic  paralysis  of  the  cerebral  nerves,  trust  much  to  the  restorative 
powers  of  nature. 


Thaumatic  Inflammation  of  the  Brain  and  its  Membranes. 

All  injuries  of  the  head,  of  whatever  kind,  may  lead  to  inflammation  within  the 
cranium.  Injuries  of  the  scalp,  apparently  of  the  most  trifling  nature  ;  injuries  of 
the  bones ;  injuries  of  the  brain-substance ; — all  may  give  rise  to  intracranial 
inflammation.  But  some  of  these  injuries  are  more  apt  to  give  rise  to  this  inflam- 
mation than  others,  and,  as  might  be  readily  anticipated,  injuries  of  the  brain- 
substance  are,  more  frequently  than  any  other  injuries,  followed  by  this  kind  oi 
mischief. 

In  a  wound  of  the  scalp  followed  by  erysipelas  or  diffuse  cellular  inflammation, 
cerebral  symptoms  often  supervene ;  and  should  the  patient  die,  the  morbid  appear- 
ances in  the  majority  of  cases  are  limited  to  great  congestion  of  the  brain-substance, 
with  increased  vascularity  of  the  pia  mater,  and  effusion  of  opaque  fluid  in  the  sub- 
arachnoid tissues  at  the  upper  surface  of  the  hemispheres. 

Inflammation  spreading  inwards  from  an  injury  of  the  bone  or  of  its  coverings 
may  be  traced,  as  it  were  layer  by  layer,  from  the  outer  parts  down  to  the  brain  ; 
first  involving  the  dura  mater,  then  the  parietal  arachnoid,  the  visceral  arachnoid, 
the  pia  mater,  and  ultimately  the  cortical  substance  of  the  brain. 

The  inflammation  of  the  dura  mater  may  be  marked  by  increased  vascularity, 
thickening,  and  closer  adhesion  to  the  bone ;  such  appearances  belong,  however, 
more  especially  to  a  chronic  form  of  mischief  set  up  by  inflammation,  caries,  or 
necrosis  of  the  bone  after  an  injury.  In  the  more  acute  inflammation,  and  above  all 
in  supprrration  of  the  osseous  tissue,  the  outer  surface  of  the  dura  mater  is  covered 
by  lymph  or  by  pus  ;  its  tissue  gets  infiltrated  ;  it  may  pass  on  to  sloughing.  As  far 
as  the  dura  mater  itself  is  concerned,  the  mischief  is  generally  confined  to  that  part 
of  the  membrane  directly  under  the  diseased  bone ;  but  even  here,  in  particular 
localities,  it  sometimes  happens  that  the  inflammation  spreads  along  the  cellular 
tissue  which  surrounds  the  branches  of  the  meningeal  arteries,  and  by  this  means 
reaches  even  down  to  the  base  of  the  skull. 

In  the  acute  cases,  the  inflammation,  involving  as  it  does  the  whole  thickness  of 
the  dura  mater,  lays  hold  also  of  its  inner  surface,  the  parietal  arachnoid,  a  part  and 
parcel  of  the  dura  mater ;  and  having  once  reached  this  serous  membrane,  the 
inflammation  usually  and  rapidly  becomes  widespread;  The  inflammatory  effusion 
on  the  free  surface  of  this  membrane  is  but  very  seldom  limited  to  the  spot  first 
implicated.  This  I  have,  however,  seen  once.  Under  an  exposed  piece  of  bone,  the 
dura  mater  was  inflamed,  thickened,  and  partially  detached ;  and,  exactly  limited  to 
this  spot,  there  was  an  effusion  of  lymph  and  pus  on  the  parietal  layer  of  the 
arachnoid ;  but  all  the  other  parts  of  the  membranes  and  of  the  brain  were  quite 
healthy. 

This  is  an  exceptional  instance,  and  in  the  vast  majority  of  cases  the  parietal 
ai'achnoid  is  extensively  inflamed,  and  the  cavity  of  this  membrane  is  filled  with  a 
quantity  of  fibrinous  or  of  puriform  exudation  of  a  yellowish  or  yellowish-green 
colour.  The  effusion  seldom  extends,  however,  beyond  the  irpper  and  lateral  surfaces 
of  the  hemispheres ;  sometimes  it  spreads  over  one  hemisphere  only,  that  corre- 
sponding to  the  injured  bone  ;  sometimes  it  is  found  on  both  hemispheres,  but  with- 
out any  effusion  at  the  base  of  the  skull.  Occasionally  the  puriform  is  circumscribed 
by  the  fibrinous  effusion,  which  may,  moreover,  unite  the  two  layers  of  the  serous 
membrane  to  each  other  around  this  part ;  and  thus  is  formed  within  the  arachnoid 
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that  kind  of  circumscribed  collection  of  matter  which  may  be,  and  has  been,  mis- 
taken for  an  abscess  in  the  brain- substance.  As  an  instance  of  this,  I  would  more 
especially  refer  to  De  la  Peyronie's  1  celebrated  case  of  abscess  of  the  brain,  which 
was,  I  think,  simply  a  collection  of  matter  circumscribed  in  the  cavity  of  the  arach- 
noid, and  running  down  by  the  side  of  the  falx,  as  far  as  the  corpus  callosum.  This 
view  of  the  case  is,  I  think,  borne  out  by  Pott's  2  and  Soulier's3  cases,  and  by  a  case 
in  which  I  found  a  collection  of  matter  in  the  cavity  of  the  arachnoid  thus  circum- 
scribed and  running  down  between  the 
left  hemisphere  of  the  brain  and  the  falx, 
as  far  as  the  corpus  callosum.  The  depth 
to  which  the  matter  passed  in  this  case 
might  easily,  during  life,  have  led  to  the 
supposition  that  the  collection  was  in  the 
brain  itself. 

From  the  arachnoid  the  inflammation 
spreads  to  the  pia  mater,  and  here  too 
there  is  an  extensive  fibrinous  or  puriform 
exudation  of  a  yellowish  or  yellowish- 
green  colour.  The  meshes  of  this  mem- 
brane are  filled  with  the  effusion ;  and 
such  is  the  thickened  condition  of  the  pia 
mater  in  the  severer'  cases  that  it  may  be 
removed  whole  from  the  brain,  and  with 
its  prolongations,  which  dipped  down 
between  the  convolutions,  looks  as  if  it 
had  been  cast  in  wax.  Of  this  there  are 
excellent  specimens  in  the  Museum  of  the 
Poyal  College  of .  Surgeons,  and  in  that  of 
St.  George's  Hospital. 

As  in  the  arachnoid,  so  here,  in  the 
pia  mater,  these  appearances  do  not  gener- 
ally extend  beyond  the  convexity  of  the 
hemispheres.  And  all  that  part  of  the  corti- 
cal substance  of  the  brain  corresponding  to 
the  inflamed  and  thickened  pia  mater  is 
often  of  a  dark,  leaden  hue ;  it  may  be, 
too,  adherent  to  this  membrane,  and  softened,  and  easily  torn ;  so  that,  in  endeavour- 
ing to  pull  off  the  pia  mater,  it  not  unfrequently  happens,  notwithstanding  all  our 
care,  that  patches  of  brain-substance,  varying  in  size  and  thickness,  come  away  with 
the  membrane. 

In  all  this,  the  grey  matter  alone,  and  sometimes  only  a  thin  layer  of  it,  is 
involved  :  as  to  the  white  substance  of  the  brain,  it  is  simply  congested,  the  bloody 
puncta  being  larger  and  more  numerous  than  usual. 

Such  are  the  usual  appearances  when  inflammation  spreads  inwards  from  an 
injury  of  the  bone  or  its  coverings.  But  occasionally  it  happens  that  the  appearances 
in  these  cases  differ  somewhat. 

On  the  one  hand,  there  may  be  extensive  effusion  into  the  cavity  of  the  arach- 
noid without  any  effusion  in  the  pia  mater  :  thus,  in  a  case  where  matter  was  lying 
between  the  bone  and  the  dura  mater,  the  corresponding  cavity  of  the  arachnoid  was 
filled  with  pus  and  lymph,  covering  the  posterior  third  of  the  upper  and  lateral 
surface  of  the  hemisphere,  but  there  was  no  effusion  in  the  sub  arachnoid  tissues. 
Of  this  there  are  two  equally  well-marked  cases  mentioned  by  Sir  T.  Watson  ;4  but, 
according  to  my  own  experience,  such  cases  are  very  rarely  met  with. 

On  the  other  hand,   with  an  inflamed  dura  mater,  covered,  it  may  be.  with 

1  jMi'iii.  th-  TAcad.  des  Sr.  1741  :  '  Sur  le  Siege  de  l'Ame.' 

a  hij.  of  Head,  p.  107.  3  M(m.  de  I'Acnd.  dv  Chir.  t.  i.  p.  150. 

*  Praci.  of  Phys.  3d  ed.  vol.  i.  pp.  368,  3G0. 
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lymph  and  pus,  it  sometimes  happens  that  the  arachnoid  escapes,  and  this,  too,  not- 
withstanding an  extensive  effusion  in  the  sub-arachnoid  tissues.  In  a  case  in  which 
the  dura  mater  on  the  left  side  was  covered  with  a  patch  of  concrete  lymph,  and 
matter  running  from  thence  along  the  branches  of  the  middle  meningeal  artery  down 
to  the  base  of  the  skull,  no  effusion  was  found  in  the  cavity  of  the  arachnoid ;  but 
there  were  large  quantities  of  sero-purulent  fluid  in  the  sub -arachnoid  tissues 
covering  the  whole  of  the  left  hemisphere. 

Such  a  case  is  a  very  uncommon  one.  There  is  no  doubt  that,  in  the  great 
majority  of  instances  of  meningitis  arising  from  an  injury  of  the  bone,  the  inflamma- 
tory effusions  are  poured  into  the  cavity  of  the  arachnoid.  But  how  very  rarely  is 
anything  like  exudation  met  with  in  the  arachnoid  in  the  idiopathic  form  of  inflamma- 
tion !  And  when  this  marked  difference  between  traumatic  and  idiopathic  arach- 
nitis is  spoken  of,  it  must  be  borne  in  mind  that  it  is  especially  in  this  form  of 
traumatic  inflammation,  arising  from  an  injury  to  the  bone,  that  the  great  difference 
exists.  Traumatic  inflammation  of  the  membranes  arising  from  an  injury  of  the 
brain  resembles  the  idiopathic  form  of  inflammation,  inasmuch  as  the  cavity  of  the 
arachnoid  is,  in  both  forms,  most  frequently  free  from  effusion. 

In  looking  carefully  to  the  inflammatory  appearances  of  the  membranes  after 
concussion  or  contusion  of  the  brain,  the  exudation  will,  for  the  most  part,  be  found 
on  the  outside  of  the  arachnoid,  and  more  or  less  extensively  infiltrating  the  pia 
mater.  It  is  only  in  cases  where  the  inflammation  is  very  severe  that  effusion  takes 
place  on  the  free  surface  of  the  serous  membrane.  The  exudation  itself  resembles 
that  which  is  commonly  found  in  inflammation  of  the  pia  mater ;  if  puriform,  it  is 
greenish,  and  not  unfrequently  of  a  decidedly  green  colour. 

There  are,  then,  two  kinds  of  traumatic  inflammation  of  the  membranes  of  the 
brain.  The  one,  commencing  in  the  dura  mater,  and  almost  always  reaching  the 
free  surfaces  of  the  arachnoid ;  the  other,  commencing  in  the  pia  mater,  and  seldom 
passing  beyond  this  membrane,  and  that  only  when  the  inflammation  is  very  severe. 
The  one,  starting  as  it  were  from  the  bone,  affects  the  membrane  nearest  to  it,  the 
dura  mater ;  and  the  other,  starting  from  the  brain,  here  also  affects  the  nearest 
membrane,  the  pia  mater.  Whilst  dealing  with  concussion  of  the  brain,  it  was 
particularly  mentioned  that  intense  vascularity  is  one  of  the  peculiar  features  found 
about  the  brain-substance  when  death  takes  place  some  short  time  after  the  accident ; 
and  well  can  it  be  imagined  that  this  intense  congestion  of  the  brain,  if  it  does  not 
pass  off,  will  react  on  the  pia  mater  ;  and  hence  the  inflammation  which,  in  such 
cases,  manifests  itself  in  this  membrane. 

Injuries  of  the  head  may  also  lead  to  inflammation  of  the  brain-substance;  and 
this  traumatic  inflammation  may  affect  either  the  cortical  substance  only  or  the 
deeper  parts  of  the  brain.  Inflammation  of  the  cortical  substance  may  follow  an 
injury  of  the  bone,  as  in  those  cases,  for  instance,  in  which  the  inflammation  may  be 
traced  through  the  various  membranes  to  the  brain,  the  grey  substance  of  which,  of 
a  leaden  hue,  is  softened,  and  easily  carried  away  in  peeling  off  the  membranes. 
This,  doubtless,  is  an  inflammatory  process  affecting  the  cortical  substance. 

Traumatic  inflammation  of  the  cortical  substance  may  also  be  detected  in  those 
cases  where  meningitis  supervenes  after  simple  concussion  of  the  brain.  Even  at  an 
early  period  the  inflamed  grey  matter,  of  a  dark-red  hue,  is  swollen  and  soft,  thin 
patches  of  it  coining  away  with  the  pia  mater,  which  itself  is  very  vascular.  Later 
on,  effusion  takes  place  in  the  pia  mater,  and  the  grey  matter,  of  a  darker  colour, 
breaks  up  and  washes  away  under  a  gentle  stream  of  water,  leaving  bare  the  white 
matter;  much  increased  in  vascularity,  but  not  softened.  This  inflammation  of  the 
grey  matter  is  remarkable  for  its  extent;  in  many  cases  it  occupies  a  whole  hemi- 
sphere save  the  base,  which  generally  remains  unaffected. 

But  inflammation  of  the  brain  most  frequently  follows  contusion  and  laceration 
of  its  substance.  Simple  concussion  seldom  leads  to  fatal  inflammation,  and  rarely 
does  an  opportunity  happen  of  examining  the  after-death  appearances  in  a  case  of 
this  kind.    In  the  great  majority  of  the  so-called  cases  of  concussion  in  which  death 
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takes  place,  the  inflammatory  process  is  found  to  be  connected  with,  and  arises  from, 
an  actual  and  appreciable  lesion  of  the  brain -substance. 

Should  the  patient  survive  the  accident  for  a  few  hours  only,  the  whole  structure  of 
the  brain,  and  especially  that  around  the  injured  part,  becomes  extensively  congested  ; 
so  that  it  will  require  some  little  care  to  distinguish  between  the  specks  of  ext  ra  vasa- 
tion and  those  of  congestion.  At  a  later  period,  the  brain-tissue  around  the  injured 
spot  is  of  a  duskier  hue  throughout,  and  the  texture  swollen,  moist,  and  loose.  Then 
follow  the  inflammatory  exudations,  reducing  the  substance  of  the  brain  around  to  a 
soft  pulp  of  various  colours,  which  flows  away  under  a  gentle  stream  of  water, 
leaving  the  remaining  part  broken  down  and  shreddy.  These  appearances  do  not 
generally  extend  much  beyond  the  original  seat  of  the  injury;  but  sometimes  the 
greater  part  of  the  hemisphere  becomes  involved  :  the  white  substance  is  then  of  a 
peculiar  saffron  colour,  which  grows  fainter  and  fainter  on  the  outskirts,  and  the 
whole  tissue  is  loosened  and  diffluent;  and  even  should  this  appearance  of  disintegra- 
tion not  be  at  first  sight  plainly  perceptible,  it  may  easily  be  demonstrated  by 
dropping  upon  the  part  a  little  water  from  a  sponge. 

Softening  of  the  central  white  parts  of  the  brain  is  very  seldom  met.  with  after  an  injury 
of  the  head.  The  following  are  the  only  two  cases  which  have  fallen  under  my  own  obser- 
vation. A  man,  ayed  thirty-seven,  died  twenty-four  hours  after  an  injury  of  the  head  in  a 
fall  from  a  tree:  the  ventricles  were  found  dilated  and  lilled  witli  fluid,  and  the  fornix — 
remarkably  soft — gave  way  when  slightly  touched  :  at  the  base  of  the  brain,  around  the  pons 
and  medulla  oblongata,  there  was  a  larjre  quantity  of  milky  pnriforaa  fluid:  the  substance  of 
the  brain  was  firm,  and  the  pimcta  of  blood  larger  and  more  numerous  than  usual  :  the 
cribriform  plate  of  the  ethmoid  was  broken,  and  the  corresponding  part  of  the  brain  bruised. 
A  lad,  aged  thirteen,  died  about  three  weeks  alter  he  had  been  thrown  from  a  donkey  and 
fallen  on  the  back  of  his  head.  The  ventricles  were  enormously  dilated,  and  filled  with 
serum  and  recently  effused  lymph,  and  the  central  white  parts  of  the  brain  were  very  soft, 
and  broke  down  when  slightly  touched  ;  the  grey  and  the  white  substances  of  the  brain 
were,  throughout,  very  much  congested,  and  there  was  extensive  inflammation  of  the 
membranes;  a  slight  fissure  was  found  in  the  occipital  hone,  extending  from  the  lateral  sinus 
to  the  foramen  magnum. 

All  traumatic  inflammations  of  the  bi'am-substance  may  end  in  suppuration  and 
abscess,  and  this  after  contusion  and  laceration,  and  even  after  simple  concussion. 
Of  this  I  have  seen  two  well-marked  instances  at  St.  George's  Hospital  within  the 
last  few  years.  In  both  cases  the  abscesses  were  large  ones,  and  in  both  the 
formation  of  matter  followed  simple  concussion. 

An  abscess,  situated  in  the  brain,  may  burrow,  and  burst  into  the  ventricles: 
such  an  occtm-ence  soon  proves  fatal.  But  an  abscess  in  the  neighbourhood  either  of 
the  cribriform  plate  of  the  ethmoid,  or  of  the  petrous  bone,  may,  by  making  its  way 
through  these  bones,  ultimately  be  discharged  by  the  nostrils  or  by  the  ear,  and  the 
patient  get  well.  In  these  cases  of  recovery  we  cannot,  it  is  true,  say  positively  that 
the  matter  came  from  the  brain  itself;  it  may  have  come  from  between  the  bone  and 
the  dura,  mater,  or  from  a  circumscribed  cavity  within  the  sac  of  the  arachnoid. 
Still,  if  the  discharge  which  takes  place  is  copious,  it  may,  1  think,  be  safely  inferred 
that  the  matter  came  from  the  brain  itself,  as  a  large  quantity  of  matter  is  more  apt 
to  form  in  this  than  in  either  of  the  other  situations  just  mentioned.  The  abscess 
may  lie  situated  close  to  the  surface  of  the  brain,  and  moreover  it  may  chance  to  lie 
over  a  fracture  ;  so  that  the  matter  would  only  have  to  make  its  way  through  a  thin 
layer  of  brain-substance  and  the  membranes. 

The  copious  discharge  of  matter  which  suddenl  y  t  ook  place  from  the  ear,  some  weeks 
after  an  injury  of  the  head,  in  Mr.  Csesar  Hawkins'  case,  may  thus  have  come  from 
the  brain.  In  his  report1  of  the  case  Mr.  C.  Hawkins  inclines  to  the  opinion  that 
the  matter  came  from  between  the  bone  and  the  dura  mater.  But  there*  are  two 
important  facts  which  appear  to  me  to  militate  against  this  opinion  :  the  one,  that 
diffuse  inflammation  of  the  membranes  almost  constantly  accompanies  suppuration 
between  the  bone  and  the  dura  mater;  and  the  other,  that  had  the  matter  really 
been  between  the  bone  and  the  dura  mater,  and  percolated  through  a,  fracture,  it 
would  have  come  away  gradually  as  it  was  formed  and  not  in  a  sudden  burst    in  .a 

1  Med.  Gaz.  vol.  xvii.  p.  2G2. 
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large  quantity.  This  it  is  which  makes  me  think  that  the  case  was  one  of  cerebral 
abscess  which  had  made  its  way  outward. 

Intimately  connected  with  this  subject  of  traumatic  intracranial  inflammation, 
there  is  yet  one  other  point  which  has  not,  I  think,  been  sufficiently  dwelt  upon  by 
most  of  the  writers  on  injuries  of  the  head.  I  allude  to  the  Large  quantities  of  serous 
fluid  which  are  sometimes  effused  into  the  ventricles  after  injuries  of  this  kind. 

Fluid  is  poured  out  into  the  ventricles,  after  an  injury  of  the  head,  iinder  very 
different  circumstances.  The  effusion  may  occur,  and  this  is  generally  the  case,  in 
connection  with  other  mischief  of  a  more  deadly  nature,  with  acute  inflammation  of 
the  membranes.  For  instance  :  in  a  man  who  died  three  days  after  having  been 
trephined  for  a  compound  and  depressed  fracture  of  the  skull,  the  sub-arachnoid 
tissue  of  the  upper  part  of  the  left  hemisphere  was  extensi  vely  infiltrated  with  sero- 
purulent  fluid,  and  all  the  ventricles  were  enormously  distended,  and  filled  with  a 
clear,  transparent  serum  ;  the  lining  membrane  being,  throughout,  rough,  and  as  if 
sprinkled  with  the  finest  white  sand.  The  septum  lucidum  was  exceedingly  thin. 
The  structure  of  the  brain  was  quite  healthy. 

But  accumulation  of  fluid  within  the  ventricles,  following  an  injury  of  the  head, 
may  sometimes  be  the  only  morbid  appearance ;  and  this  effusion  may  be  more  or 
less  gradual :  days,  weeks,  months,  may  elapse  before  any  decided  symptoms  make 
their  appearance. 

Of  such  cases  Dr.  Abercrombie  relates  two  strongly  marked  instances  in  his  work 
on  '  Diseases  of  the  Brain,'  pp.  151,  152.  In  both  these  cases  the  effusion  was  slow, 
and  the  symptoms  came  on  gradually.  But  the  effusion  may  take  place  suddenly  ; 
symptoms  of  imminent  pressure  are  present,  and,  with  a  scalp-wound  and  bare  bone, 
may  lead  to  an  error  in  diagnosis,  and  the  application  of  the  trephine. 

A  middle-aged  man  fell  in  the  street,  and  was  picked  up  insensible,  with  some  arterial 
bleeding  from  a  scalp-wound  at  the  upper  and  back  part  of  the  head ;  the  bone  was  not 
exposed.  He  remained  in  a  state  of  collapse  for  some  time,  and  when  lie  began  to  rally  he 
became  so  violent  that  two  men  were  obliged  to  hold  him  down.  It  appeared  that,  on  the 
previous  day,  he  had  had,  for  the  first  time  in  his  life,  some  kind  of  convulsive  fit,  hut  with- 
out any  frothing  at  the  mouth.  He  was  freely  purged,  and  on  the  following  day,  as  he 
complained  of  intense  pain  in  the  head,  he  was  bled  to  ten  ounces.  The  pain  continued,  and 
thus  he  went  on  for  several  days  with  intense  pain,  notwithstanding  that  he  was  bled 
several  times  and  put  upon  calomel  and  henbane.  Chi  the  sixth  day,  the  bone  under  the 
scalp-wound  became  exposed,  and  the  soft  parts  in  the  neighbourhood  slightly  cedematous 
On  the  seventh  day,  early  in  the  morning,  this  man  was  seized  with  hiccough,  and  suddenly 
fell  into  a  state  of  coma ;  the  insensibility  was  complete  ;  the  pupils  acted  well ;  there  was 
no  stertorous  breathing  ;  the  pulse  was  feeble  and  running.  A  short  time  afterwards  it  was 
determined,  at  a  consultation  of  several  suigeolis,  that  a  trephine  should  be  applied  over  the 
exposed  bone,  in  case  there  should,  perchance,  be  any  matter  between  the  bone  and  the  dura 
mater.  No  matter  was  found.  The  bone  and  the  dura  mater  were  healthy.  The  patient 
continued  much  in  the  same  state,  and  died  in  the  evening.  Some  serous  effusion  was  found 
between  the  arachnoid  and  the  pia  mater,  especially  at  the  base  of  the  brain  ;  there  was  no 
lymph  in  any  part ;  the  membranes  were  quite  transparent,  and  the  pia  mater  not  congested. 
The  ventricles  were  dilated,  and  tilled  with  a  large  quantity  of  fluid  ;  the  brain  itself  was 
watery  throughout,  and  soft.  In  one  of  the  convolutions,  at  the  base,  there  was  a  small 
tubercular  deposit,  of  the  size  of  a  pea,  and  around  this  the  parts  were  soft  and  injected  to 
about  three  lines  in  circumference.  No  tubercular  matter  was  found  in  any  of  the  other 
organs,  which  were  all  sound. 

What  are  the  symptoms  of  traumatic  intracranial  inflammation?  Amongst  the 
first  symptoms  usually  noticed  will  be  pain  in  the  head,  more  or  less  intense,  some- 
times confined  to  the  seat  of  the  blow,  sometimes  spreading  from  this  over  the  whole 
head ;  feverishness,  with  a  hot  skin  and  increased  pulse ;  contraction  of  the  pupils ; 
intolerance  of  light  and  of  sound.  As  matters  get  worse  these  symptoms  increase, 
become  more  and  more  marked,  and  are  soon  followed  by  disturbance  of  the  brain- 
functions  ;  sickness,  restlessness,  constant  tossing  about,  convulsions,  delirium ;  then 
drowsiness,  oscillation  and  dilatation  of  the  pupils,  twitchings  and  spasms  of  the 
muscles,  coma,  relaxation  of  the  sphincters,  paralysis,  and,  as  indicative  of  suppu- 
ration, rigors. 

Such  are  the  varied  symptoms  at  different  stages  of  inflammatory  mischief 
following  an  injury  of  the  head.    In  some  cases  all  these  symptoms  may  be  present, 
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and  even  manifest  themselves  in  this  regular  order  of  succession.  But  in  most  cases 
the  symptoms  vary  much  in  many  respects.  Cases  may  be  met  with  in  which  some 
of  these  symptoms  are  altogether  wanting,  the  pulse  may  he  unnaturally  slow  and  the 
temperature  normal  or  even  subnormal,  and  in  other  cases,  again,  a  single  group  of 
symptoms,  or  some  one  symptom  or  another,  may  be  strongly  marked.  Indeed,  in 
practice  it  will  be  found  that  these  variations  give,  as  it  were,  to  each  case  special 
features  of  its  own — features  which  may  render  the  case  more  or  less  difficult  of  dia- 
gnosis as  to  its  real  nature. 

In  enumerating  these  symptoms,  injuries  of  the  head  have  been  spoken  of  as  a 
whole.  And  now  arises  the  question,  whether  traumatic  inflammation  dependent 
upon  one  form  can  be  distinguished  from  that  dependent  upon  another  form  of  injury. 
Can  it  be  said,  in  this  case,  that  the  brain  alone  is  affected,  and,  in  that  case,  that  the 
mischief  is  confined  to  the  membranes  1    I  believe  not. 

In  a  case  of  concussion  and  scalp-wound,  it  cannot,  for  instance,  be  said  positively, 
from  the  symptoms,  that  they  depend  upon  inflammation  of  the  brain-substance  and 
its  investing  membranes  connected  with  the  concussion,  or  upon  inflammation  of  the 
parietal  membranes  connected  with  a  contusion  of  the  bone.  Neither  can  we  say 
positively,  when  suppuration  takes  place,  that  the  matter  is  immediately  under  the 
bone,  or  within  the  brain-substance.  True  it  is  that  this  cannot  be  done.  But  an 
inference,  and  a  good  one  too,  may,  I  think,  lie  drawn  from  the  time  at  which  the 
symptoms  of  inflammatory  mischief  begin  to  show  themselves.  If  the  inflammatory 
symptoms  are  dependent  upon  concussion,  they  will  be  apparent  at  a  very  early 
period  after  the  accident ;  indeed,  in  many  cases  they  begin  within  a  few  hours  :  and 
this  is  what  might  have  been  expected  from  the  intense  congestion  which  exists  in 
the  brain-substance  and  its  investing  membrane,  the  pia  mater,  after  a  severe  case 
of  concussion.  In  contusion  of  the  brain-substance,  on  the  other  hand,  it  often,  nay 
generally,  happens  that  the  symptoms  of  inflammation  do  not  set  in  till  the  fourth  or 
the  fifth  day  ;  all  effects  of  the  injury  may  appear  to  have  passed  away  up  to  that 
period,  and  then  comes  the  train  of  symptoms  indicative  of  inflammation.  But  in 
inflammation  spreading  from  a  contused  bone  to  the  parietal  membranes,  the  mischief 
may  smoulder  for  a  time,  for  many  days,  for  two  or  three  weeks,  and  then  suddenly 
burst  forth. 

The  period  at  which  the  inflammatory  symptoms  begin  after  the  accident  may, 
then,  be  of  value  in  our  endeavours  at  establishing  a  diagnosis,  and  especially  if  there 
be  any  local  signs  about  the  bone  to  guide  us. 

Attempts  have  been  made  at  a  differential  diagnosis  of  inflammation  of  the 
various  parts  and  structures  of  the  brain.  Inflammation  of  the  upper  and  under 
parts  of  the  brain  may  be,  it  is  said,  distinguished  from  each  other;  and  so,  too,  it 
is  said,  may  inflammation  of  the  lining  membrane  of  the  ventricles,  as  well  as 
inflammation  of  the  cortical,  be  distinguished  from  that  of  the  tubular  structure. 

I  cannot,  however,  say  that  I  think  we  are  at  present  really  in  a  position  to  go 
so  far  as  all  this. 

It  must  be  borne  in  mind  that  convulsions,  that  is,  convulsions  violently  affecting 
the  whole  body,  may  make  their  appearance,  after  an  injury  of  the  head,  under  very 
different  circumstances.  They  may  come  on  immediately,  or  shortly  after  the 
accident;  they  may  come  on  a  few  days  after  it.  In  the  first  instance,  they  can,  as 
a  matter  of  course,  have  nothing  to  do  with  inflammation  ;  they  may  pass  off  just  as 
suddenly  as  they  came  on,  and  leave  the  patient  without  a,  single  sign  to  denote  that 
they  arose  from  any  actual  lesion  of  the  parts  contained  within  the  skull.  And 
even  in  the  second  instance,  making  their  appearance  at  the  period  when  inflamma- 
tion usually  sets  in,  the  convulsions  may  lead  us  to  suppose  that  there  is  inflamma- 
tion when  it  does  not  exist  in  reality.  This  I  have  seen  now  and  then,  and  some 
well-marked  instances  of  this  state  of  things  are  mentioned  by  Sir  B.  Brodie.1 

Next,  we  have  to  deal  with  the  treatment  of  this  traumatic  intracranial 
inflammation.  And,  first,  as  to  blood-letting.  Strange  it  is  to  read  of  the  enormous 
quantities  of  blood  drawn  from  patients,  under  such  circumstances,  in  former  times, 
1  Med.-Chir.  Trans,  vol.  xiv.  p.  307. 
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and  even  but  a  few  years  back.  Some  cases,  it  is  true,  recovered  after  this  heroic 
treatment,  and  nothing  short  of  this,  it  is  said,  could  have  saved  the  life  of  the 
patient.  But  the  practice  of  the  present  day  in  the  wards  of  our  large  hospitals 
tells  a  very  different  tale.  For  years  past,  I  have  never  seen  any  of  those  frightful 
blood-lettings  which  I  used  to  witness  in  the  early  part  of  my  career.  Even  in 
intra-cranial  traumatic  inflammation  we  are  now-a-days  much  more  sparing  of  blood — 
and  rightly  so,  too. 

Whenever  blood  is  to  be  drawn  from  the  arm,  the  general  condition  of  the 
patient  should  be  carefully  looked  to,  and,  if  the  loss  of  a  few  ounces  only  of  blood 
produce  an  intermission,  a  sinking  of  the  pulse,  the  blood  should  no  longer  be  allowed 
to  flow. 

In  many  cases,  after  the  first  bleeding  from  the  arm,  it  is  most  advantageous, 
should  further  blood-letting  be  deemed  indispensable,  to  resort  to  local  bleeding  by 
means  of  leeches  applied  to  the  head,  or  cupping  on  the  nape  of  the  neck. 

As  a  matter  of  course,  the  room  is  to  be  darkened,  the  head  shaved,  and  raised 
higher  than  usual. 

Purging,  free  purging,  is  to  be  brought  into  play  as  soon  as  possible.  It  is  a 
most  valuable  remedy,  and  one  upon  which  all  practical  men  very  justly  lay  great 
stress,  and  none  more  so  than  Dr.  Abercrombie,  who  does  not  hesitate  to  say  that, 
according  to  his  own  experience,  more  recoveries  from  head-affections  of  the  most 
alarming  aspect  take  place  under  the  use  of  very  strong  purging  than  under  any 
other  mode  of  treatment. 

And  then  comes  the  local  application  of  severe  cold  to  the  shaved  head.  This  is 
a  powerful  remedy,  and  not  to  be  used  without  all  due  caution,  for  the  effects  of  it 
are  sometimes  most  striking. 

One  of  the  earliest  remedies  should  be  mercury,  calomel  in  small  doses,  and 
frequently  repeated  until  the  gums  begin  to  be  affected.  Is  opium  to  be  combined 
with  it  1  About  this  there  is  great  diversity  of  opinion.  By  some  surgeons,  opium 
in  these  cases  is  strongly  condemned  •  by  others,  it  is  used  without  scruple.  I  have 
frequently  seen  calomel  and  opium  prescribed  in  traumatic  inflammation  of  the 
brain  and  its  membranes,  by  some  of  the  most  practical  and  best  surgeons,  and  I 
must  say,  without  any  of  the  drawbacks,  as  far  as  I  could  perceive,  so  commonly 
adverted  to.  And  opium,  or,  better  still,  morphia,  is  doubtless  of  great  value  in 
many  cases  presenting  some  of  the  most  characteristic  symptoms  of  inflammation. 
In  furious  delirium  supervening  a  few  days  after  an  injury  of  the  head,  with  well- 
marked  symptoms  of  an  inflammatory  attack,  calomel  and  morphia  are  of  the 
utmost  use.  Of  this,  abundant  proofs  are  to  be  found  in  the  best  authorities  ■  and 
practically,  I  have  several  times  witnessed  the  beneficial  effects  of  these  remedies  in 
such  cases. 

Are  we  to  use  blisters  1  Not,  I  think,  in  the  first  stage.  Later  on  they  often 
prove  most  beneficial,  and  may  be  applied  over  the  head,  or  nape  of  the  neck. 

In  estimating  any  plan  of  treatment  in  cases  of  inflammation  after  injuries  of  the 
head,  great  care  must  be  taken  to  examine  thoroughly  into  the  state  of  the  different 
viscera,  and  especially  of  the  kidneys.  This  is  a  point  to  which  I  have  already  more 
than  once  adverted  ;  and  feeling  as  I  do,  from  practical  experience,  the  absolute 
necessity  of  not  overlooking  this  matter,  again  do  I  allude  to  it  in  this  subject  of 
traumatic  inflammation. 

A  healthy  or  a  diseased  condition  of  the  kidneys  may  not  only  lead  us  to  modify 
our  treatment,  but  our  views  of  the  case  in  hand,  knowing,  as  we  now  do,  how  it 
sometimes  happens  that  the  very  symptoms  about  the  head  are  dependent  upon  the 
diseased  condition  of  these  viscera. 

If  recovery  takes  place  after  intra-cranial  inflammation,  the  patient  should  be 
put  upon  his  guard  against  running  any  risk  of  a  relapse  ,  and  especially  should  he 
be  cautioned  about  his  mode  of  living,  and  his  future  habits  for  some  time  to  come. 
There  is,  it  is  well  known,  no  class  of  cases  which  require  more  after-care,  and  none 
in  which  a  relapse  is  so  apt  on  the  slightest  provocation  to  take  place. 
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But  notwithstanding  all  our  endeavours,  the  inflammation  may  get  ahead ; 
symptoms  of  pressure  follow  ;  and  then  comes  the  question  of  applying  the  trephine. 

Tn  discussing  the  question  of  perforating  the  skull  in  contused  bone,  and  in 
fractures  with  symptoms  of  intra-cranial  suppuration,  it  was  settled  that  the  dura 
mater  is  to  be  divided  if  there  are  evidences  of  matter  underneath  this  nierubrane; 
that  is,  if  the  dura  mater,  tense,  and  without  any  pulsation,  bulges  into  the  trephine- 
hole  ;  and  some  cases  were  mentioned  in  which  the  patient's  life  had  been  saved  by 
this  proceeding — cases  in  which  circumscribed  suppuration  had  occurred  within  the 
arachnoid.  But  nothing  was  said  about  the  treatment  of  abscess  within  the  brain- 
substance,  such  abscess  not  being  necessarily  connected  either  with  contusion  of  the 
bone  or  with  fracture. 

An  abscess  may  form  in  the  brain  after  any  and  every  kind  of  injury  of  the  head  ; 
and  it  is  with  this  abscess,  which  may  give  rise  to  the  symptoms  of  pressure,  that  we 
have  now  to  deal. 

In  such  a  case  it  may  occur  that  the  matter  in  the  brain  is  let  out  by  simply 
taking  away  a  piece  of  the  bone,  the  dura  mater  underneath  being  in  a  sloughy 
condition. 

Thus  it  happened  in  a  case  at  St.  George's  Hospital,  a  few  years  back,  under  the  care  of 
Mr.  Caesar  Hawkins.  The  trephine  was  applied  over  an  exposed  portion  of  the  left  parietal 
for  well-marked  symptoms  of  compression  of  the  brain  which  had  come  on  a  month  after  the 
accident.  The  operation  was  performed  under  the  supposition  that  matter  would  be  found 
between  the  bone  and  the  dura  mater  :  but  such  was  not  the  case ;  the  dura  mater  proved  to 
be  in  a  sloughy  state,  with  an  opening,  of  the  size  of  the  thumb,  through  which  escaped  a 
quantity  of  very  foul  matter  and  brain-like  substance.  The  man  died  five  days  after  the 
operation ;  and  then  was  found  in  the  back  part  of  the  left  hemisphere,  a  good-sized  abscess, 
extending  down  to  the  lateral  ventricle,  into  which  it  had  nearly  burst. 

[The  following  similar  case  to  the  above  came  under  my  care  in  1863.  A 
middle-aged  woman,  having  fallen  down  in  a  fit  in  a  neighbouring  street,  was  brought  to 
the  Middlesex  Hospital.  She  was  unconscious,  and  her  left  arm  and  leg  were  rigidly  flexed. 
On  her  right  temple  was  a  small  festering  wound  leading  to  necrosed  bone.  On  perforating 
this  with  a  trephine  several  drachms  of  pus  were  forcibly  ejected  to  some  distance  through  a 
sloughy  hole  in  the  dura  mater.  The  spastic  rigidity  of  the  left  arm  and  leg  immediately 
disappeared,  but  she  soon  died.  At  the  examination  of  her  body  the  empty  cavity  of  a  large 
abscess  was  found  in  the  anterior  lobe  of  the  right  cerebral  hemisphere. — J.  W.  H.] 

It  happens  more  frequently,  however,  that  the  dura  mater  is  not  in  this  sloughy 
state.  One  is  led  by  the  symptoms  to  divide  this  membrane,  and  then,  finding  that 
this  affords  no  relief  to  the  symptoms,  is  one  warranted  in  cutting  into  the  brain  in 
search  of  an  abscess  1  The  warrant  in  such  a  difficult  matter  necessarily  depends 
upon  the  circumstances.  Should  there  be  good  reason  for  believing  that  a  cerebral 
abscess  exists  under,  or  in  the  neighbourhood  of,  the  part  of  the  skull  perforated, 
there  is  no  doubt  that  one  would  be  warranted  in  incising  the  brain. 

Roux  1  laid  open  the  dura  mater,  and  finding  nothing  under  this  membrane,  proceeded  no 
further.  The  symptoms  increased,  and  the  patient  died  in  a  few  days.  Immediately  under 
the  cortical  substance  of  the  brain  was  a  large  abscess,  situated  a  little  below  and  behind 
the  spot  trephined.  The  matter  might  easily  have  been  reached  by  a  very  slight  cut  in  the 
brain  at  this  part,  and  in  such  a  case,  with  decided  symptoms  of  compression,  one  may  well 
regret  that  no  attempt  at  all  was  made  to  find  the  matter. 

J.  L.  Petit 2  was  more  fortunate  in  the  issue  of  his  case  of  traumatic  abscess  of  the 
brain.  This  celebrated  surgeon  trepanned  the  head  of  a  child,  nine  years  old,  for  a  com- 
pound fracture  with  depression.  Feverish  symptoms  set  in  on  the  fifth  or  sixth  day  ;  on  the 
following  day  the  wound  was  dry,  and  the  dura  mater,  of  a  darkish-brown  colour,  bulged 
into  the  trephine  hole :  evidently  there  was  matter  under  the  dura  mater ;  this  membrane 
was  divided,  and  a  tablespoonful  of  brown,  fetid  serosity  escaped.  The  symptoms  were  not 
relieved  by  this  operation,  but  nothing  further  was  done.  Matters  went  on  from  bad  to 
worse,  and  there  was  but  little  hope  left,  when,  on  the  second  morning  after  the  operation, 
the  little  fellow  appeared  to  be  much  better.  The  improvement  which  had  taken  place  was 
explained  when  the  head  was  dressed  :  a  large  quantity  of  foul  pus  was  found  in  the  dress- 
ings, which  were  saturated  with  it,  and  this  had  come  from  a  large  abscess  in  the  brain, 
which  had  burst  during  the  night.  The  patient  was  quite  well  within  two  months  after- 
wards. 

It  was  the  fortunate  issue  of  this  case  which,  doubtless,  led  M.  Velpeau3  to  recommend 

1  Chassaignac,  Plates  tie  Tete,  p.  192.  2  Mai.  Vhir,  torn.  i. 

3  Plates  de  Tete,  1834,  p.  87. 
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delaying'  the  incision  into  the  hrain  whenever  the  symptoms  are  not  very  urgent.  In  thus 
delaying,  M.  Velpeau  thinks  that,  if  matter  existed  in  the  brain,  it  would,  in  all  probability, 
gradually  push  its  way  towards  the  trephine-hole,  and,  at  any  rate,  render  the  operation  less 
hazardous. 

Dupuytren,1  far  from  waiting  thus,  at  once  plunged  a  knife  into  the  brain,  and  thereby, 
in  all  probability,  saved  the  life  of  his  patient.  A  young  man  was  struck  on  the  top  of  the 
head,  in  a  brawl,  with  a  knife,  the  blade  of  which  broke  in  the  bone,  after  having  perforated 
the  skull;  but  the  exact  nature  of  the  injury  was  overlooked  by  a  surgeon,  who  simply 
brought  the  lips  of  the  wound  together.  The  wound  healed  readily,  and  everything  went  on 
well  for  several  years,  save  some  occasional  pains  about  the  scar.  This  man  was  subsequently 
admitted  into  the  Hotel  Dieu  in  a  state  of  stupefaction,  into  which  he  had  suddenly  fallen. 
On  examining  the  scar,  a  foreign  body  was  clearly  felt  underneath  it,  and  this,  when  laid 
bare,  proved  to  be  the  point  of  the  knife.  The  trephine  was  applied  :  the  symptoms  never- 
theless continued,  and  paralysis  of  the  opposite  side  of  the  body  made  its  appearance.  The 
dura  mater  was  now  laid  open  ;  nothing  was  found  under  this  membrane  ;  a  knife  was  there- 
fore plunged  into  the  brain,  and  immediately  a  large  quantity  of  matter  flowed  out.  That 
very  night  all  the  symptoms  disappeared,  and  the  patient  ultimately  recovered. 

Dupuytren's  bold  proceeding  was  followed  by  complete  success.  And  so,  too,  might  De 
la  Peyronie  2  have  been  equally  successful,  had  he  been  allowed  to  do  that  which  he  wished. 
A  man  was  trepanned,  and  a  large  quantity  of  matter  was  evacuated  from  under  the  bone, 
with  great  relief  to  the  symptoms.  On  the  second  morning,  however,  the  symptoms  were  as 
bad  as  ever.  De  la  Peyronie  laid  open  the  dura  mater,  and,  finding  nothing  there,  proposed 
cutting  into  the  brain  ;  but  this  was  declined.  The  patient  died.  An  abscess  was  found  in 
the  brain  at  the  depth  of  three  or  four  lines,  and  immediately  underneath  the  opening  in  the 
skull. 

And  within  the  last  few  years  a  surgeon 3  has  been  bold  enough  not  only  to  make  several 
different  cuts  into  divers  parts  of  the  brain  for  a  traumatic  abscess,  but  even  to  lay  open  one 
of  the  lateral  veutricles  for  the  evacuation  of  matter  therein  contained.  In  this  case  a  man, 
aged  forty,  met  with  a  severe  compound  fracture  of  the  skull,  and  ultimately  lost  several 
pieces  of  the  frontal  bone.  He  did  well,  but  five  weeks  after  the  removal  of  the  bone 
cerebral  symptoms  made  their  appearance.  The  scar  was  laid  open,  and  three  more  pieces 
of  loose  bone  were  taken  away.  The  symptoms  still  persisting,  Dr.  Detmold  was  led  to 
think  that  there  was  an  abscess  in  the  brain.  The  scar  was  now  dissected  oflf,  with  the 
portion  of  the  dura  mater  to  which  it  was  attached  ;  an  incision  an  inch  long  and  half  an 
inch  deep  was  then  made  into  the  brain-substance,  and  a  thick  stream  of  healthy  pus  flowed 
out.  The  symptoms  were  at  once  relieved,  and  the  patient  progressed  most  satisfactorily 
until  hernia  cerebri  occurred.  This  was  kept  down  by  pressure  ;  and  on  the  eighteenth  day 
after  the  opening  of  the  abscess,  the  patient  was  about,  a  hole  through  which  a  probe  could 
be  passed  into  a  cavity  in  the  anterior  lobe  of  the  brain  still  remaining.  Three  weeks  after- 
wards, although  he  felt  very  well,  this  man  began  to  lose  his  memory  ;  he  even  forgot  his 
own  name,  and  could  no  longer  read  or  write.  The  parts  involved  in  the  injury  became 
hot  and  swollen,  and  stupor  reappeared.  A  fresh  incision  was  made  through  the  integuments 
into  the  brain,  but  this  time  no  matter  followed ;  the  symptoms,  however,  appeared  to  be 
greatly  relieved.  Dr.  Detmold  probed  the  wound,  and  found  that  the  instrument  passed  four 
inches  and  a  half  into  the  brain  towards  the  lateral  ventricle,  into  which  it  was  thought  that 
the  abscess  had  burst.  The  patient  continued  to  mend  for  a  time,  but  five  days  afterwards 
he  became  speechless.  It  was  then  thought  advisable  to  explore  for  more  matter  ;  and  seven 
weeks  after  the  first  incision,  another  one,  an  inch  and  a  half  deep,  was  made  into  the  brain, 
and  a  probe  passed  in  nearly  five  inches.  Shortly  after,  matter  flowed  freely  through  the 
wound.  The  patient  sank  the  same  evening.  Both  ventricles  contained  a  large  quantity  of 
thin  pus,  and  at  the  anterior  corner  of  the  roof  of  the  left  one  there  was  the  last  incision. 
The  brain  itself  was-  vascular,  and  nothing  more. 

There  are  many  bold  deeds  in  the  records  of  surgery  appertaining  to  injuries  of 
the  head,  but  Dr.  Detmold's  must  be  classed  amongst  the  boldest.  The  first  incision 
certainly  saved  the  man  from  impending  death ;  and,  in  the  state  that  he  was  subse- 
quently in,  it  might  be  argued  that  he  was  none  the  worse  off  for  the  other  incisions, 
which  offered  him  the  only  chance  of  safety,  if  chance  of  safety  there  was.  Few 
surgeons  will,  however,  be  found  to  follow  Dr.  Detmold's  example. 

[A  boy,  set.  13,  whose  forehead  had  been  grazed  by  a  push  agaiust  an  iron  fence, 
was  trephined  by  me  seven  weeks  after  the  accident,  incomplete  hemiplegia  having 
supervened.  The  graze  had  festered,  healed  slowly,  and  left  a  tender  scar.  From  the 
time  of  the  injury  there  had  been  more  or  less  severe  headache,  and  latterly  nausea  and 
retching.  The  pulse  was  unnaturally  slow  and  the  temperature  subnormal.  The  trephine 
was  put  on  at  the  site  of  the  injury  on  the  right  of  the  middle  line  of  the  forehead.  The 


1  Bless,  par  Armes  de  Guerre,  t.  ii.  p.  148.  2  Sabatier,  Med.  Op&r.  1832.  t.  ii.  p.  65. 

3  Amer.  Journ.  of  Med.  Sc.  N.  S.,  No.  37,  p.  86. 
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outer  table  was  found  slightly  starred,  but  the  cracks  did  not  reach  the  inner  surface  of 
the  bone.  The  dura  mater,  which  appeared  to  be  healthy,  bulged  up  tensely  into  the  bore- 
hole. An  aspirator  trocar  connected  with  an  exhausted  syringe  was  pushed  through  it,  and 
when  this  had  reached  a  depth  of  about  one  inch  greenish  pus  was  drawn  up.  The  abscess 
was  then  freely  opened  with  a  narrow  scalpel,  and  a  quantity  of  pus  estimated  at  from  Jiij  to 
^iv  escaped.  The  hemiplegia  soon  disappeared,  t  he  other  symptoms  less  quickly.  Optic  neurit  is 
supervened  and  ended  in  blindness.  Several  months  later,  whilst  in  the  blind  school,  he  had 
epileptiform  iits.  He  was  kept  in  view  during  several  years,  and,  when  last  seen,  was  a 
very  intelligent,  well-grown  youth.1 

A  labourer,  jet.  60,  was  recently  admitted  into  the  Middlesex  Hospital,  under  my  care, 
a  fortnight  after  being  struck  a  glancing  blow  on  the  right  temple  by  a  falling  ladder  which 
stunned  him  for  a  few  minutes  and  caused  a  considerable  bruise.  lie  continued,  neverthe- 
less, to  work  as  usual  until  the  middle  of  the  third  day,  when  headache,  which  he  had  had 
from  the  time  of  the  accident,  became  very  severe — so  severe  that  his  wife  feared  he  would  go 
out  of  his  mind.  When  taken  into  hospital  he  described  the  pain  as  darting  from  the  seat 
of  the  blow  (marked  by  a  slight  discoloration)  through  his  head.  The  pulse  was  56,  and 
temperature  slightly  below  the  normal  average.  His  mind  was  unclouded.  About  one  week 
later,  in  the  night,  he  became  insensible,  and  in  t  he  morning  the  right  upper  and  lower  limb  were 
found  absolutely  palsied  as  regards  motion  and  nearly  so  as  regards  sensation.  When  the 
arm  or  thigh  were  severely  pinched,  he  gave  scarcely  any  sign  of  consciousness  of  it,  but 
shrank  slightly  when  the  left  arm  or  leg  was  pinched  similarly.  Two  days  later  spastic 
rigidity  of  the  left  arm  supervened.  Ilis  wife,  who  had  till  now  refused  obstinately  to  allow 
any  surgical  interference,  now  permitted  trephining.  A  small  disc  of  bone  beneath  the 
bruised  spot  in  the  right  temple  was  cut  out.  It  appeared  uninjured  and  healthy.  The 
dura  mater  bulged  up  so  tensely  into  the  bore-hole  that  pulsation  could  neither  be  seen  nor 
felt.  The  exposed  surface  of  the  membrane  appeared  healthy.  An  aspirator  needle 
connected  with  an  exhausting  syringe  was  pushed  through  it  to  a  depth  of  about  1|  inch.  A 
brownish  turbid  fluid  rose  up  into  the  receiver  and  continued  to  flow  through  the  prick-hole 
after  the  needle  was  withdrawn.  The  minute  opening  was  enlarged  with  a  scalpel,  and  a 
considerable  quantity  of  the  fluid  escaped.  The  flaps  which  had  been  reflected  were  re- 
placed and  the  wound  was  very  lightly  dressed  with  a  little  boric  charpie.  An  hour  later 
he  asked  for  food.  Next  morning  the  spastic  rigidity  of  the  left  arm  had  gone.  On  the 
second  day  slight  return  of  power  was  noticed  in  the  right  limbs,  and  before  the  end  of  a 
week  their  palsy  had  disappeared.  For  a  very  few  days  after  the  operation  the  charpie  was 
wetted  and  discoloured  by  the  fluid  which  continued  to  ooze ;  but  this  oozing  soon  ceased 
and  the  wound  soon  healed,  and  two  months  from  the  date  of  the  operation  the  patient 
appeared  quite  well. — J.  W.  II.] 

The  low  temperature  and  slow  pulse  observed  in  this  and  in  other  cases  during  the  for- 
mation of  abscess  presumably  seated  in  the  brain  deserves  attention. 

Of  late  the  subject  of  trephining  for  epilepsy  following  injuries  of  the  head  has 
attracted  considerable  attention.  A  fresh  stimulus  to  it  has  been  given  by  the 
theor  y  of  cerebral  localization  to  which  in  this  country  Professor  Ferrier  has  so  much 
contributed.  Cases  have  been  published  illustrating  the  benefit  of  the  practice.  In 
most  of  these,  however,  local  marks  of  injury  indicated  where  the  trephine  should  be 
applied. 

Phescott  Hewett,  1870. 
J.  W.  Hulke,  1882. 

1  Hulke,  Med.-Chir.  Trans,  vol.  lxii.  p.  367. 


529 


INJURIES  OF  THE  BACK. 


Provisions  in  the  Structure  of  the  Spine  against  Common  Injuries. 
CCIDENTS  to  the  vertebral  column  derive  their  chief  importance  from  endanger- 


1Y  ing  the  spinal  cord.  It  may  assist  in  enabling  us  to  estimate  the  comparative 
liability  of  different  parts  of  the  spine  to  be  injured  and  the  relative  severity  of  the 
effects  in  the  various  kinds  of  violence  to  which  it  is  exposed,  if  we  take  a  general 
survey  of  its  structure  and  uses,  before  entering  on  the  proper  subject  of  this  essay. 

The  spine  serves  several  distinct  offices  in  the  skeleton  ;  some  of  which  appear,  at 
first,  incompatible  with  others.  It  is  a  pillar  for  sustaining  weight,  a  girder  for 
connecting  distant  members,  an  elastic-jointed  mechanism  for  motion,  a  supporter  of 
the  ribs  for  breathing,  and  a  tube  for  containing  the  most  vitally  important  organ 
next  to  the  brain,  the  cord.  The  safety  of  the  spinal  cord  is  secured  in  various 
ways.  Being  lodged  in  the  centre  of  the  column,  it  occupies  neutral  ground  in 
respect  to  forces  which  might  cause  fracture.  For  it  is  a  law  of  mechanics  that 
when  a  beam,  as  of  timber,  is  exposed  to  breakage,  and  the  force  does  not  exceed 
the  limits  of  the  strength  of  the  material,  one  division  resists  compression,  another 
laceration  of  its  particles,  while  the  third,  between  the  two,  is  in  a  negative  con- 
dition. Applying  this  principle  to  the  vertebral  column,  it  will  presently  be  seen 
that  the  violence  which  leads  to  fracture  is  in  the  majority  of  cases  directed  so  as  to 
bend  it  forward.  Consequently,  the  anterior  segment  will  be  subject  to  compression, 
the  posterior  to  laceration,  and  the  intermediate  will  be  in  a  neutral  state.  Now, 
the  fore  part  of  the  spine,  by  the  peculiar  structure  of  the  bodies  and  intervertebral 
cartilages,  is  admirably  calculated  to  resist  the  effects  of  undue  pressure  ;  the  back 
part,  by  the  arrangement  of  its  numerous  fibrous  and  elastic  ligaments,  is  equally 
adapted  to  resist  the  effects  of  a  rending  force  ;  and  the  spinal  cord,  situated  between 
the  two,  occupies  the  place  of  least  danger.  Again,  the  cord  is  specially  guarded  by 
the  elasticity  and  nicely  graduated  flexibility  of  the  column.  As  each  vertebra 
meets  the  next  below  at  three  distinct  surfaces  of  contact — the  body,  and  two 
articular  processes — it  follows  that,  when  the  superincumbent  weight  falls  upon  it, 
the  pressure  is  distributed  through  these  different  lines  of  support.  In  the  bodies, 
the  force  will  be  broken  by  the  intervertebral  cartilages  acting  as  buffers ;  in  the 
articular  processes,  which  are  wedge-shaped,  and  articulated  with  the  thin  edge  of 
one  pointing  to  the  base  of  the  other,  it  will  be  gradually  lessened  by  the  broader 
portions  of  both  approximating  in  proportion  to  the  compression.  The  mutual 
interlocking  of  the  adjoining  vertebra^,  caused  chiefly  by  the  ascending  articular 
processes  being  overlapped  from  behind,  and  the  descending  from  the  front,  has  the 
effect  of  limiting  the  motion  of  any  two  or  three  vertebra;  within  a  small  sphere, 
but  does  not  prevent  a  considerable  range  in  several.  There  being  various  grades  of 
flexibility  in  the  different  regions  of  the  spine,  certain  curves  are  introduced  near 
the  respective  junctions,  to  equalise  the  movements ;  thus  a  force  directed  on  one 
part,  travelling  along  these  curves,  will  be  transmitted  from  one  vertebra  to  another, 
with  gradually  diminishing  impulse,  till  exhausted.  Another  provision  for  the 
safety  of  the  spinal  cord  1  is  the  way  in  which  it  is  attached  with  its  membranes  to 
the  interior  of  the  vertebral  canal.    The  cord  is  small  compared  to  the  area  of  the 


1  For  some  other  reasons  which  may  account,  in  part,  for  the  comparative  infrequenry 
with  which  traumatic  inflammation  is  met  with  within  the  skull  and  spine  respectively, 
see  p.  634. 
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canal ;  hence,  instead  of  the  theca  being  in  close  contact  with  the  osseous  surface,  as 
the  dura  mater  is  with  the  cranium,  it  is  separate,  except  at  the  foramen  magnum. 
The  whole  way  down  the  canal,  the  theca  is  tacked  at  intervals  to  the  sides,  by 
those  pi-ocesses  which  it  sends  off  to  enclose  the  spinal  nerves,  as  they  emerge  at  the 
intervertebral  foramina.  Within,  the  visceral  arachnoid  membrane  is  so  far  apart 
from  the  pia  mater,  which  invests  the  cord  closely,  that  a  layer  of  subarachnoid  fluid 
of  considerable  thickness  intervenes,  and  surrounds  the  cord.  Thus  the  medulla 
floats,  as  it  were,  on  a  water-bed  :  that  bed  being  hang  within  the  canal  by  cords 
much  in  the  same  manner  as  a  sailor  slings  his  hammock  in  his  cabin.  The  last 
example  that  may  be  adduced  of  a  special  arrangement  in  the  structure  for  averting 
danger  from  the  cord  is  suggested  by  observing  the  mode  of  its  termination  within 
the  vertebral  canal.  In  quadrupeds,  and  even  in  man  during  foetal  life,  the  cord  is 
continued  along  the  whole  course  of  the  canal  to  the  sacrum.  But  in  adult  man  the 
cord  begins  to  diminish  in  size  at  the  last  dorsal  vertebra  ;  it  then  tapers  to  a  point, 
and  ends  opposite  the  second  lumbar  vertebra.1  For  the  last  three  inches,  it  is 
covered  so  thickly  by  the  roots  of  the  lumbar  and  sacral  nerves  as  to  be  concealed 
from  view.  Below  the  part  where  the  cord  terminates,  the  canal  is  occupied  only 
by  the  cauda  equina,  composed  of  a  leash  of  long,  firm,  flexible  roots  of  nerves, 
together  with  the  theca  and  other  investing  membranes.  It  appears  that  that 
curtailing  of  the  cord  has  relation  to  the  more  violent  and,  as  they  may  be  regarded 
in  reference  to  it,  unsafe  movements  performed  at  the  lumbar  region  in  man  com- 
pared to  quadrupeds.  The  sudden  bendings,  twistings,  and  joltings  incident  to  the 
base  of  a  flexible  column,  which  rests  on  a  comparatively  solid  foundation,  the 
pelvis,  and  which  from  being  upright  has  the  whole  superincumbent  weight  concen- 
trated upon  it,  are  somewhat  moderated  by  the  elasticity  of  the  region,  as  well  as  by 
the  large  sweeping  arch  formed  by  the  vertebrae  there ;  yet  it  may  be  admitted  that 
shocks  which  would  be  harmless  to  a  bundle  of  roots  of  nerves  like  those  forming 
the  cauda  equina,  might  be  destructive  of  the  functions  of  an  organ  of  such  soft 
consistence  as  the  spinal  cord,  had  it  been  prolonged  the  whole  way  to  the  sacrum. 

Regions  of  the  spine  most  liable  to  injury. — These  are  (a)  the  atlo-axial,  (/?)  the 
cervico-dorsal,  and  (y)  the  dorso-lumbar.  The  proximity  of  the  skull  will  account 
for  many  of  the  injuries  met  with  in  the  upper  two  cervical  vertebras  (p.  631).  In 
the  cervico-dorsal  a  flexible  part  of  the  spine  is  joined  to  a  comparatively  inflexible 
one,  and  any  strain  thrown  on  this  region  will  thus  be  liable  to  be  suddenly  concen- 
trated, and  not  diffused.  In  the  dorso-lumbar  this  is  also  the  case,  the  spine  just 
above  being  here  comparatively  fixed.  Professor  Humphry  2  considers  this  the 
weakest  part  of  the  spine,  for  the  following  reasons.  Although  it  has  to  bear  nearly 
as  great  weight  as  the  part  of  the  column  below  it,  its  vertebrae  are  disproportion- 
ately small.  The  transverse  processes  are  here  very  short,  while  the  long  transverse 
processes  in  the  lower  parts  of  the  loins,  added  to  the  projecting  crest  of  the  ilium 
below,  and  the  false  and  true  ribs  above,  afford  to  the  several  muscles  a  powerful 
leverage,  on  either  side  and  in  front,  against  this  region.  This  region  is  near  the 
middle  of  the  column.  So  that  a  greater  length  of  leverage  can  be  brought  to  bear 
against  it  than  against  any  other  part.  The  marked  curvature  of  the  dorsal  spine, 
the  small  size  of  its  contained  cord,  and  the  possibly  more  feeble  organization  of  the 
cord  at  this  spot — these  points  and  their  bearing  on  injuries  of  the  cord  are  alluded 
to  below,  p.  658. 

Sprains. 

These  will  be  produced  by  accidents  which,  tending  to  cause  dislocation  or  fracture 
of  the  spine,  stop  short  of  these — viz.  falls,  especially  from  horseback,  violent  gymna- 
stic::., twists  or  wrenches  in  railway  accidents,  &c.    In  the  majority  of  cases  the  spinal 

1  It  will  be  remembered  that  while  the  cord  ends  at  this  spot,  the  meninges  are  prolonged 
below  ;  e.g.  the  dura  mater,  containing  arachnoid,  cerebro-spinal  fluid,  and  cauda  equina,  is 
continued  as  far  as  the  second  piece  of  the  sacrum.  Thus  fatal  spinal  mischief  may  be  set 
up,  even  as  low  as  this,  by  inflammation  spreading  inwards  or  upwards  after  blows,  bed- 
sores, &c,  as  in  the  case  mentioned  in  the  footnote,  p.  G68. 

~  The  Human  Skeleton,  p.  1G9. 
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cord  escapes,  in  others  symptoms  pointing  to  injury  of  the  cord  come  on  quickly, 
while  in  a  third  class  of  such  cases  a  considerable  interval  elapses  before  there  is  any 
evidence  that  the  cord  itself  has  suffered.  The  explanation  of  these  graver  symptoms, 
and  their  variety,  will  be  alluded  to  below  (p.  634).  In  cases  of  simple,  though  severe, 
sprain  there  will  be  pain  at  the  site  of  injury,  intense  or  of  an  aching  character,  and 
in  either  case  much  aggravated  by  movement.  The  patient  feels  bruised  and  stiff,  the 
spine  is  rigid  ;  inflammatory  effusion  is  usually  present,  together  with  some  symp- 
toms of  general  pyrexia.  The  facts  that  the  symptoms  are  so  localised,  that  there  is 
no  paralysis,  that  sensation  is  normal  save  at  the  sites  of  injury,  that  the  bladder  and 
rectum  remain  unaffected,  show  that  the  cord  itself  has  escaped.  While  in  the 
majority  of  cases  sprains  of  the  spine  do  well,  the  possibility  of  the  onset  of  one  of  the 
following  forms  of  more  abiding  mischief  must  be  borne  in  mind,  viz.  (a)  extravasa- 
tion of  blood  outside  the  cord  or  within  its  substance  (fig.  100  and  cases  pp.  691- 
693)  ;  (/?)  inflammation  set  up  in  the  fibrous  structures  near  to  or  in  the  column 
itself,1  and  extending  inward  to  the  meninges  or  cord,  and  so  leading  to  compression 
of  the  cord  by  inflammatory  products,  or  to  chronic  alterations  in  the  cord  itself; 
(y)  supervention  of  vertebral  disease  (fig.  92),  especially  in  patients  of  delicate 
constitutions. 

Sprains  in  the  spine  will  present  some  diversities  of  character,  according  to  the 
part  of  the  column  in  which  the  force  is  concentrated.  In  the  dorsal  region, 
characterised  by  rigidity  of  structure,  sprains  are  rarer,  and  the  injury  will  be  more 
limited ;  in  the  cervical  or  lumbar  region,  which  are  remarkable  for  their  mobility 
and  elasticity,  the  impulse  will  be  broken  and  dispersed,  and  the  injury  more 
general.  Sprains  in  the  two  latter  regions,  being  much  more  common,  will  be 
especially  alluded  to. 

Sprains  of  the  cervical  spine.- — These  are  common  from  the  mobility  of  this 
region,  and  also  on  account  of  the  articulation  of  the  skull,  near  the  middle  of  its 
base,  with  the  summit  of  this  portion  of  the  column.  Thus,  if  a  man  falling  head- 
long light  on  one  parietal  convexity,  the  portion  of  the  skull  intervening  between 
that  eminence  and  the  occipito-atloid  articulation  will  be  like  a  lever,  which  will 
propagate  the  force  with  increased  power  to  the  cervical  vertebras.  In  an  account 
of  the  injuries  of  the  cervical  spine  a  few  points  in  the  surgical  anatomy  of  this 
region  may  be  alluded  to,  viz.  the  hollow  normally  present  over  the  spines  of  the 
three  middle  cervical  vertebrae  owing  to  the  receding  of  their  spines  from  the  surface 
to  allow  of  free  extension  of  the  neck  ;  the  firmness,  thickness,  and  want  of  extensi- 
bility of  the  skin  and  fascia?  accounting  for  the  extreme  painfulness  of  sprains  and 
the  inflammatory  effusions  which  follow  them,  and  also  for  the  absence  of  much 
evidence  to  the  eye  of  extravasation  of  blood,  the  great  number  of  muscles  and  their 
stratiform  arrangement,  the  large  amount  of  cellular  tissue  met  with  between  the 
muscular  strata  especially  at  the  upper  part,  the  fact  that  these  muscles  lie 
exposed  on  either  side  of  the  nape  of  the  neck,  instead  of  being  protected  in  gutters 
as  is  the  case  below ;  lastly,  the  very  important  ligaments  above  and  their  different 
degree  of  development  and  varying  amount  of  elasticity  at  different  periods  of 
life.2 

It  is  noteworthy  that  in  some  of  these  cases  of  cervical  sprain  the  position  of  the 
neck  and  head  may  closely  simulate  dislocation.  Thus  after  a  violent  blow  or  a 
prolonged  twist,  the  head  may  be  found  very  much  forced  over  to  the  opposite  side, 
and  the  patient  apparently  unable  to  move  it.  The  distortion  and  the  inability 
to  move  the  head  depend  at  first  on  reluctance  on  the  part  of  the  patient  to  make 
any  change  in  his  position  owing  to  the  pain  at  once  set  up  in  the  severely  wrenched 
muscular  and  ligamentous  structures ;  later  on  they  are  due  to  inflammatory  swelling. 

1  Mr.  Erichsen  (Concussion  of  the  Spine,  p.  129)  considers  that  this  extension  inwards  of 
inflammation  is  peculiarly  apt  to  take  place  when  the  sprain  or  twist  occurs  in  the  neighbour- 
hood of  the  first  two  cervical  vertebra?. 

2  The  greater  elasticity  of  these  ligaments,  together  with  the  small  size  of  the  odontoid 
process,  perhaps  explain  the  sudden  death  which  has  followed  the  lifting  of  a  struggling  child 
by  his  head  off  the  ground. 
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These  cases,  which,  according  to  M.  Dupuytren,1  are  most  marked  in  patients  naturally 
rheumatic,  yield  usually  to  early  and  energetic  treatment,  i.e.  absolute  rest,  the  use 
of  ice,  leeches,  or  cupping,  the  administration  of  calomel  and  Dover's  powder,  followed 
subsequently  by  the  application  of  flying  blisters  and  liniments,  and  the  adminis- 
tration of  the  perchloride  of  mercury  internally.  Later  on,  after  a  severe  twist 
or  sprain,  fixity  of  the  spine  may  be  succeeded  by  abnormal  mobility,  the  patient 
losing  all  power  of  supporting  the  head,  which  falls  loosely  in  every  direction. 

In  the  diagnosis  between  these  severe  sprains  and  the  more  serious  lesions,  those 
symptoms  .should  be  especially  relied  upon  which  indicate  that  the  cord  has  escaped 
damage.  If  the  question  arise  as  to  whether  any  paralysis,  impaired  sensation, 
numbness,  &c,  which  may  be  present  are  due  to  concussion  of  the  cord  or  no, 
it  will  be  found  that  in  the  former  case  they  will  have  passed  away  within  a  week 
or  ten  days,  before  which  time  the  surgeon  will  do  well  to  give  only  a  guarded 
opinion.  When  the  strain  has  been  severe,  and  any  laxity  of  the  supporting  liga- 
ments remains,  it  will  be  well  to  make  use  of  a  gutta-percha  moidd  reaching  from 
the  back  of  the  head  to  the  pelvis,  encasing  the  back  and  shoulders,  and  thus 
keeping  the  spine  and  head  quiet,  or  Prof.  Sayre's  plaster  of  Paris  jacket  and  jury- 
mast  (pp.  671  and  687)  may  be  found  useful. 

Sprains  of  the  lumbar  spine  and  loins. — These  may  be  caused  by  forces,  which 
bend  the  column  violently  downwards  and  forwards,  as  by  the  fall  of  a  mass  of  earth, 
or  by  a  sudden  twist  made  in  an  effort  to  prevent  a  fall,  as  in  hunting  or  in 
wrestling. 

Railway  collisions  are  another  very  fertile  source  of  sprains  of  the  lumbar  as  well 
as  of  the  cervical  spine,  in  consequence  of  the  trunk  being  violently  swung  back- 
wards and  forwards  on  the  pelvis  during  the  oscillations  of  a  carriage  suddenly  brought 
to  a  standstill.  In  these  cases  of  severe  sprain  in  the  loins  there  is  the  same  rigidly 
inflexible  condition  of  the  spine,  with  tenderness  on  external  pressure,  and  great 
increase  of  suffering  on  any  movement,  as  was  mentioned  above.  Considerable 
swelling  soon  follows  in  cases  where  the  injury  has  been  direct.  The  strength  and 
the  complexity  of  the  fascia?  in  this  region  will  account  for  the  facts  that  ecchymosis 
is  not  always  combined  with  the  swelling,  and  that  often  its  appearance  is  delayed 
for  several  days.  The  line  of  the  spinous  processes  is  found,  on  tracing  them,  to  be 
straight,  and  their  surfaces  level.  Pain  on  pressure,  instead  of  being  limited  to  the 
processes  of  one  or  two  vertebras,  which  would  raise  the  suspicion  of  fracture,  is  the 
same  throughout  many  adjoining  ones  equally.  With  difficulty,  and  much  exhibition 
of  weakness  and  pain  in  the  loins,  the  patient  will  make  an  effort  to  hold  the  spine 
erect,  and  if  he  succeeds,  and  no  deformity  be  presented,  it  may  be  assumed  con- 
fidently that  the  injury  consists  only  in  a  sprain.  The  posture  he  will  prefer  in  bed 
will  be  that  of  lying  on  one  side,  with  his  body  semi-flexed,  and  he  will  be  reluctant 
for  many  days  to  make  the  slightest  change  in  his  position — any  slight  movement 
exciting  fugitive  spasms  in  the  lumbar  muscles,  analogous  to  those  in  a  fractured 
leg.  The  chief  criterion  of  his  getting  better  is  that  he  moves  himself  about  in  bed 
of  his  own  accord.  It  commonly  takes  from  four  to  six  weeks'  confinement  in  the 
recumbent  position  for  recovery  to  be  effected.  The  treatment  does  not  differ 
essentially  from  that  already  given  in  the  account  of  sprains  of  the  cervical  spine. 
In  severe  cases,  a  riding  belt  stiffened  with  whalebone  may  be  advantageously 
worn  by  the  patient  when  first  getting  about. 

Ilwmaturia,  from  sprain. — In  cases  of  sprain  occurring  in  the  lumbar  region,  it 
is  not  uncommon  for  the  patient  to  pass  blood  with  the  urine  for  several  days  after 
the  accident.  From  this  it  may  be  inferred  that  one  or  perhaps  both  kidneys  have 
been  injured,  so  that  a  breach  of  surface  has  been  produced.  When  the  situation  of 
these  glands  in  relation  to  the  spine  is  considered,  it  need  not  surprise  us  that  such 
a  complication  as  haematuria  should  be  met  with.  The  kidneys  lie  in  close  con- 
tiguity to  the  spine  at  the  part  where  the  flexion  of  the  column,  on  the  occasion  of 
sprain  taking  place,  is  most  acute.    And  they  are  fixed  to  the  place  they  occupy 

1  Leg.  Or.  de  Clin.  Chir.  t.  i.  p.  477.  ( 'a3sar  Hawkins,  Contr.  to  rath,  and  Surg.  vol.  i. 
p.  440. 
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with  comparative  firmness  :  so  as  to  be  incapable,  like  the  floating  viscera,  of  evading 
injury.  It  is  also  to  be  borne  in  mind  that,  when  the  spine  is  violently  bent,  in  the 
production  of  sprain,  the  flexion,  at  the  moment,  is  much  greater  than  observation 
could  enable  us  to  discern;  for,  owing  to  the  elasticity  of  the  column,  it  folio ws  that, 
as  soon  as  the  compressing  force  ceases  to  act,  it  recovers  its  form,  by  its  resilience. 
In  cases  of  severe  hematuria  the  injury  is  probably  near  the  hilum,  the  readiness 
with  which  the  blood  finds  its  way  into  the  ureter  favouring  recovery.1  In  grave 
cases  the  result  will  also  much  depend  on  whether  the  lesion  is  confined  to  the 
posterior  surface  with  escape  of  urine  into  the  perinephritic  cellular  tissue,  or 
whether  the  anterior  surface  is  injured,  favouring  the  passage  of  blood  and  urine 
into  the  peritonaeum.  Such  cases  are  to  be  treated  on  general  principles,  it  being 
remembered  that,  while  lacerations  of  the  kidney  are  not  necessarily  fatal,  a  very 
severe  lesion  may  exist  with  but  slight  external  evidence.  On  the  other  hand  a 
slight  injury  may  occasion  much  haematuria  in  a  patient  the  subject  of  renal 
calculus.  In  cases  of  severe  traumatic  renal  haematuria  I  have  found  the  sub- 
cutaneous injection  of  ergotin  2  of  great  benefit.  Perinephritic  inflammation  coming 
on  with  obscure  swelling,  deep-seated  pain,  and  fever  is  another  complication  of 
sprain  in  this  region. 

When  so  important  a  gland  as  the  kidney  has  been  crushed  to  such  an  extent 
that  haemorrhage  goes  on  from  a  rent  in  it  for  several  days,  it  might  be  thought 
probable  that  the  damage  would  be  followed  by  ulterior  bad  results,  especially  in- 
flammation. But  extensive  observation  negatives  this,  general  experience  showing 
that  when  patients  recover  from  the  immediate  effects  of  haematuria  brought  on  by 
sprain  of  the  loins,  they  are  not  more  prone  than  others  to  renal  complaints.3 

Two  remarkable  cases  of  lesion  of  the  kidney  coexisting  with  injury  to  the  spine 
have  been  recorded  by  Mr.  Poland  4  and  Dr.  Moxon.5 

A  woman  who  had  been  twisted  between  a  platform  and  a  slowly  moving  train  received 
severe  contusions  of  the  abdomen  and  spine,  and  sank  six  days  after  the  accident.  During 
the  whole  of  this  time  the  only  urine  passed  was  apparently  '  a  few  drops  '  on  the  first  day, 
and  '  a  very  small  quantity  '  on  the  fourth  day  after  the  injury.  Post-mortem  examination. — 
The  spinous  processes  of  all  the  lumbar  vertebras  were  found  broken  off,  together  with  the 
transverse  processes  of  the  upper  three  vertebrae  on  both  sides.  The  right  ureter  was  torn 
through  just  helow  the  pelvis,  and  all  the  vessels  of  the  left  kidney  which  had  apparently 
escaped  all  direct  violence  were  occluded  by  thrombosis. 

A  man  who  had  been  struck  by  an  engine  and  knocked  aside  against  a  wad  died  eight  days 
after  the  injury.    Post-mortem  examination. — There  was  a  fracture  with  dislocation  of  the 


1  Plugging  of  the  ureter  by  a  clot  may,  however,  give  rise  to  only  transient  haematuria, 
while  all  the  time  a  severe  injury  of  the  kidney  may  he  present,  and  the  same  will  he  the 
case  when  the  same  violence  which  has  injured  the  kidney  has  also  caused  a  rupture  of  the 
ureter.  A  report,  by  Mr.  Holmes,  of  a  case  of  this  kind  in  which  recovery  took  place  will 
he  found  in  the  Path.  Soc.  Trans,  vol.  xi.  p.  140. 

2  The  amount  used  of  this  drag,  the  value  of  which  is  scarcely  yet  sufficiently  appreciated 
by  surgeons,  may  be  gr.  2  to  5  in  5  to  10  m.  of  distilled  water  (Langenbeck),  or  gr.  3  in  equal 
parts  of  glycerine  or  rectified  spirit,  as  recommended  by  Dr.  Meadows  (Practitioner,  vol.  i. 
1868).  It  must  be  remembered  that  ergotin,  however  injected,  is  irritant  to  the  subcutaneous 
issue,  and  that  livid-looking-  lumps  with  a  dark  centre  are  apt  to  follow  on  injections,  espe- 
cially large  ones.  These  rarely  suppurate,  but  practitioner  and  patient  alike  should  be  pre- 
pared for  them. 

3  Speaking  of  haematuria,  as  it  occurs  in  connection  with  injuries  of  the  spine,  Mr.  Le 
Gros  Clark  (Lect.  on  Shock  and  Visceral  Lesions,  p.  143)  remarks :  '  Of  the  many  cases  I 
have  witnessed,  I  have  never  had  reason  to  suspect  that  nephritis  or  organic  disease  followed.' 
That  inflammatory  destruction  of  a  kidnev  may,  however,  follow  on  a  bruise  of  the  lumbar 
region  is  shown  by  an  interesting  case  recorded  by  Mr.  Pollock  in  the  essay  on  Injuries  of 
the  Abdomen.  Mr.  Havilland  (Path.  Trans,  vol.  x.  p.  209)  records  the  case  of  a  lad, 
set.  13,  who  fell  on  his  back  from  a  height  of  twenty  or  thirty  feet,  but  appeared  to  be  only 
shaken,  and  soon  recovered.  From  this  date,  however,  up  to  the  time  of  his  death,  which 
took  place  about  five  years  later,  he  suffered  from  most  painful  incontinence  of  urine,  this 
fluid  being-  purulent  and  often  bloody.  On  post-mortem  examination  the  left  kidney  was 
found  to  be  disorganised  and  converted  into  a  series  of  pus-containing  sacs,  the  ureter  was 
atrophied  and  impervious,  at  each  extremity  of  the  right  kidney  also  was  a  cavity  contain- 
ing pus,  and  the  ureter  on  this  side  was  much  enlarged. 

4  Gm/s  Hosp.  Repts.  vol.  xiv.  p.  86.  5  Loc.  supr.  cit.  p.  99. 
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second  and  third  lumbar  vertebrae,  and  a  similar  condition  of  thrombosis  existed  in  the 
renal  vessels  on  both  sides,  but  more  marked  upon  the  right. 

Dr.  Moxon  1  points  out  that  no  laceration  was  present  in  any  of  the  three  kidneys  in 
which  the  thrombosis  existed,  and  that  this  latter  condition  depends  upon  the  severity 
of  the  violence  to  which  the  patients  were  subjected ;  the  severity  of  the  squeeze  to 
which  the  kidneys  and  the  tissues  around  them  were  submitted,  having  impaired 
their  vitality  and  thus  favoured  the  thrombosis  in  their  vessels. 

Development  of  malignant  disease  in  and  about  the  spine,  after  wrenches,  sprains, 
&c. — While  such  local  injuries  as  the  above  are  usually  followed  by  inflammatory 
mischief,  they  appear  to  be  occasionally  the  starting-point  of  malignant  disease. 
Dr.  Hodgkin  2  has  recorded  three  such  cases  occurring  after  a  wrench  of  the  spine,  a 
severe  direct  blow,  and  a  fall  upon  it. 

The  following  case  was  under  the  care  of  Sir  W.  Gull 3  in  Guy's  Hospital. 

A  man,  aet.  34,  wrenched  his  neck  about  a  year  before  his  death  in  throwing  hay  into  a 
loft.  Severe  pains  in  the  neck  followed,  supposed  to  be  neuralgic.  Paralysis  first  of  the  left 
arm,  then  of  the  right,  and  of  the  legs  set  in.  No  deformity  of  spine.  Increasing  dyspncea. 
Sudden  death.  Post-mortem  examination. — Extensive  development  of  cancer  was  found 
about  the  upper  dorsal  vertebrae,  and  under  the  deep  muscles,  as  high  as  the  third  cervical, 
extending  inwards  between  the  laminae,  so  as  to  come  in  contact  with  the  theca.  This  was 
thickened,  but  contained  no  cancerous  deposits.  The  cord  was  softened  and  showed  inflam- 
matory changes  in  the  cervical  enlargement. 

Supervention  of  disease  of  the  spine,  and  implication  of  the  meninges  and  cord 
itself  after  injuries,  sprains,  <Scc.  of  the  spinal  column. — The  above  two  conditions  have 
been  placed  together,  as  it  is  in  the  probability  of  the  cord  and  its  membranes  being 
affected  that  the  chief  importance  of  an  injury  to  the  spine,  followed  by  secondary 
disease,  consists.  With  reference  to  this  sequence,  it  is  to  be  here  noted  that  impor- 
tant distinctions  exist  between  the  relations  which  the  brain  and  spinal  cord  respec- 
tively bear  to  their  coverings,  both  osseous  and  meningeal.  These  distinctions 
explain  in  great  part  the  relative  infrequency  of  traumatic  blood-extravasations,  and 
inflammatory  2>rocesses  in  the  spinal  cord  and  its  membranes,  compared  with  what 
occurs  in  the  case  of  the  brain  The  distinctions  are  chiefly  three.  («)  In  the  case 
of  the  brain,  the  dura  mater  being  firmly  adherent  to  the  bone,  serves  the  purpose  of 
an  endosteum  ;  whence,  if  the  cranium  be  injured  or  diseased,  the  dura  mater  will 
become  inflamed,  and  that  inflammation  will  extend  immediately  to  the  brain.  But 
in  the  spine,  the  bony  structures  of  the  walls  of  the  canal  have  a  distinct  endos- 
teum ;  the  dura  mater  investing  the  cord  is  at  a  remote  distance  from  them. 
Consequently  there  is  not  the  same  danger  of  inflammation,  set  up  in  the  parietes 
of  the  canal,  spreading  to  the  cord,  as  in  the  brain.  (/3)  In  the  case  of  the  brain 
the  cerebrospinal  fluid  is  chiefly  collected  at  the  base ;  in  the  spinal  column,  on 
the  other  hand,  the  subarachnoid  space  is  relatively  larger  and  more  distinct, 
and  the  fluid  now  surrounds  the  cord  suspended  in  it,  an  arrangement  whereby  the 
shock  of  an  injury  is  more  diffused,  (y)  A  much  lower  degree  of  vascularity  is 
met  with  in  the  cord  and  its  pia  mater  than  in  the  brain  and  its  corresponding 
membrane. 

After  a  severe  injury  disease  of  the  vertebral  column  may  present  itself  in  differ- 
ent forms,  of  which  two  are  more  common  than  others.  Thus  the  bodies  of  certain 
vertebrae  may  be  affected  with  ostitis  setting  in  insidiously,  running  a  slow  and  latent 
course,  gradually  attended  with  excurvation  (fig.  92)  and  perhaps  abscesses.  Such  a 
result  of  an  injury,  otherwise  temporary  in  its  effects,  is  especially  to  be  expected  in 
delicate  subjects,  or  in  cases  where  the  necessaiy  rest  is  not  given  to  the  spine, 
but  the  patient  endeavours  to  go  about  as  soon  as  the  immediate  effects  of  the  acci- 
dent have  passed  off.4  As  an  instance  of  the  above-mentioned  insidiousness,  the 
following  abstract  of  a  case  5  is  interesting. 


1  Loc.  supr.  cit.  p.  110.  2  Med.-Ckir.  Trans,  vol.  xxxi.  pp.  267-273. 

3  Guys  Hasp.  Rept.s.  1858,  p.  205.  4  Hilton,  Red  and  Pain,  3rd  ed.  p.j59. 

5  The  case  is  reported  by  Dr.  James  Russell,  Brit.  Med.  Journ.,  March  22,  1879. 
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Fig.  92.- 


-Traumatic  Ostitis  and  Caries 
of  the  Spine. 


A  medical  man,  set.  56,  had  a  fall  from  his  horse,  but  for  twelve  months  was  entirely 
unconscious  of  any  evil  effects  of  the  accident.  During  this  period,  however,  a  slow  ostitis, 
entirely  latent,  was  going  on  in  the  bodies  of  the  sixth  and  seventh  dorsal  vertebrae,  the 
inflammatory  process  gradually  extending  to  the  dura  mater,  through  the  intervening  fatty- 
areolar  tissue,  and  thus  setting  up  a  pachymeningitis,  which,  in  its  turn,  caused  compression 
and  atrophy  of  the  spinal  cord,  with  descending  sclerosis  of  the  lateral  columns,  and  finally 
a  paraplegia  developed  eleven  months  after  the  fall. 
At  a  still  later  period,  two  years  after  the  accident, 
angular  curvature  appeared  for  the  first  time. 
Death  resulted  from  surgical  kidney  after  eight 
years. 

In  other  cases  the  stress  of  the  mischief 
may  fall  on  the  lateral  segments  and  articular 
processes  of  the  vertebra?.  If  this  result  of  the 
injury  be  not  early  arrested,  another  will  show 
itself  in  partial  paralysis  depending  upon  some 
of  the  spinal  nerves  becoming  involved,  as  they 
pass  through  the  intervertebral  foramina,  in 
the  inflammation.  Later  on  the  paralysis  may 
become  more  general,  including  perhaps  both 
extremities,  thereby  showing  that  the  cord  it- 
self has  become  involved  by  intrusion  of  some 
of  the  inflammatory  products  within  the  verte- 
bral canal  (vide  infra).  If  the  question  arise 
whether  the  case  be  one  of  ordinary  vertebral 
caries,  the  absence  of  angular  curvature  may1 
perhaps  help  in  deciding  the  question. 

Latent  breach  of  spine  from  rupture  of 
ligaments  after  severe  sprain ;  suppuration  in 
the  vertebral  canal ;  subsequent  paralysis. — In 
some  severe  cases  of  sprain  of  the  spine, 
especially  in  those  due  to  indirect  violence,  as 
where  the  cervical  vertebrae  are  doubled  up  in 
a  fall  on  the  head,  actual  breach  of  continuity 
of  the  spinal  column  may  occur  by  the  liga- 
ments being  not  only  strained  but  torn  through. 
Such  cases  of  sprain  come  very  near  to  fracture- 
dislocations,  these  injuries,  especially  in  the 
cervical  region,  being  commonly  due  to  similar 
severe  indirect  violence  (p.  639).  But  there  is 
this  difference  :  in  the  fracture-dislocation,  in- 
jury to  the  cord,  usually  great,  and  too  often 
fatal,  is  present  from  the  first ;  while  in  the 
case  of  the  sprain,  with  breach  in  the  con- 
tinuity of  the  column,  paralysis  supervenes,  not 

at  once  and  from  the  direct  effects  of  the  injury,  but  several  days  after  the  accident, 
from  suppuration  within  the  canal,  consequent  upon  the  sprain  and  breach  of  the 
ligaments,  A  case  illustrating  the  above  kind  of  accident  has  been  recorded  by 
Sir  C.  Bell.2 

A  man  fell  from  the  shaft  of  his  waggon,  and  pitched  on  the  back  of  his  neck  and 
shoulders,  where  swelling  and  discoloration  soon  afterwards  appeared.  He  complained  of 
stiffness  in  the  back  of  his  neck ;  on  account  of  which,  leeches  were  applied.  On  the  eighth 
day,  he  was  seized  with  a  succession  of  convulsions,  which  lasted  twelve  hours;  and  the 


The  two  lower  cervical  vertebrae  and  eleventh  dorsal 
'  of  a  gentleman  who  met  with  a  fall  when 
hunting.  Inflammation  and  caries  of  the  in- 
tervertebral substances  and  bodies  of  three  of 
the  dorsal  vertebras  followed,  and  paralysis 
which  lasted  two  years.  But  recovery  was  so 
complete  that  the  gentleman  lived  for  twelve 
years  afterwards,  married,  and  had  a  child, 
rode,  danced  and  shot,  and  died  finally  of 
Bright's  disease.'  The  body  of  the  fifth  dorsal 
has  been  completely  destroyed,  and  those  of  the 
fourth  and  sixth  in  great  part.  The  remaining 
portions  of  the  bodies  and  arches  of  these  three 
vertebrae  are  anchylosed,  and  a  strong  angular 
curvature  is  produced.  (Hunterian  Museum, 
3422a,  2116.) 


1  It  is  well  known  that  this  symptom  is  only  of  value  where  vertebral  caries  has  existed 
for  some  time.  In  cases  where  the  inflammatory  mischief  is  chiefly  limited  to  the  surfaces 
of  the  bodies  of  the  vertebras  and  their  ligaments,  and  this  is  especially  likely  where  a  strain 
of  the  ligaments  has  set  up  the  ostitis,  a  considerable  interval  may  elapse,  and  abscesses  may 
appear  before  any  angular  curvature  be  perceived. 

2  Surff.  Observ.  p.  145. 


G36 


INJUKIES  OF  THE  BACK. 


struggles  in  his  delirium  were  so  violent  that  it  required  two  men  to  hold  him.  The  deli- 
rium continued  with  interruptions.  On  the  twelfth  day,  he  lost  power  over  one  arm  ;  two 
days  later,  he  was  paralysed  in  the  lower  extremities,  but  he  regained  the  command  over  the 
arm  ;  on  the  eighteenth  sensation  returned  in  the  lower  extremities  ;  on  the  following  day, 
he  died.  It  was  discovered,  on  dissection,  that  there  was  a  loosening  of  the  connections  of 
the  seventh  cervical  vertebra  with  the  first  dorsal ;  and  between  them  there  was  a  consider- 
able space,  the  intervertebral  substance  having  been  destroyed.  On  cutting  the  muscles  at 
the  side  of  the  last  cervical  vertebra,  a  little  pus  oozed  out  from  between  the  bones.  Within 
the  spinal  canal,  pus  was  fouud  to  have  dropped  down  through  the  whole  length  of  the 
sheath,  to  the  cauda  equina.  Outside  the  spine,  pus  lay  under  the  scapulas  ;  in  front,  it  was 
bounded  by  the  oesophagus. 

Latent  fracture  or  dislocation  of  spine.  Symfrfoms  often  obscure.  Cases  Halle 
to  be  considered  simple  severe  contusions  or  sprains. — These  cases  are  alluded  to  here 
as  they  stand  half  way  between  the  cases  of  severe  sprain  which  have  been  mentioned 
already  and  ordinary  fracture-dislocation.  Their  importance,  on  account  of  the 
obscurity  which  often  attends  the  symptoms,  and  the  caution  required  in  the  prog- 
nosis, is  illustrated  in  the  following  instances.  It  will  be  noticed  that  death  was 
brought  about  in  different  ways,  e.g.  by  suppurative  meningitis,  by  extra-meningeal 
hsemorrhage,  and  by  pressure  of  the  dislocated  vertebras  upon  the  cord. 

Latent  fracture  of  seventh  cervical  vertebra.  Symptoms  in  abeyance  at  first,  then 
obscure.    Death  from  suppurative  meningitis. 

A  girl,  ?et.  18,  in  the  dark,  fell  down  an  embankment,  twelve  feet  high,  and  injured  her 
neck.  She  afterwards  walked  three  miles.  For  eleven  days  she  continued  at  her  usual 
employment,  in  a  factory.  On  the  fifteenth,  she  applied  for  admission  into  St.  Thomas's 
Hospital,  on  account  of  severe  pain  in  her  neck.  No  irregularity  in  the  spine  could  be 
detected.  There  was  no  anaesthesia  or  paralysis.  Her  complaints  of  pain  and  tenderness  were 
vague :  she  spoke  chiefly  of  suffering  between  the  shoulders ;  and  turning  round  into  the 
prone  position  in  bed  was  done  slowly,  stiffly,  and  with  cries.  Early  on  the  following  day 
she  complained  of  numbness  and  twitching  in  her  limbs,  especially  the  lower  ;  and  in  the 
evening,  voluntary  motion  was  quite  lost  in  the  lejrs,  and  almost  in  the  arms;  sensation  also 
was  very  much  impaired  in  both.  High  fever,  with  delirium,  accompanied  the  last- 
mentioned  symptoms.   She  died  on  the  third  day  after  admission,  or  eighteenth  after  the  fall. 

Post-mortem  examination. — A  horizontal  line  of  fracture  was  found  traversing  the  body 
of  the  seventh  cervical  vertebra,  jvist  above  its  inferior  surface.  Beyond  a  very  little  gaping 
in  front,  which  would  allow  the  edge  of  a  scalpel  to  be  insinuated  flatly  between  the  frag- 
ments, there  was  not  the  slightest  displacement ;  and  the  posterior  common  ligament  was 
untorn.  The  vertebral  canal  contained  between  its  osseous  walls  and  the  dura  mater  a  large 
quantity  of  pus,  which,  from  two  inches  below  the  foramen  magnum,  descended  the  whole 
length  of  the  cord.  At  the  several  intervertebral  holes,  it  had  crept  somewhat  along  the 
issuing  nerve-sheaths,  and  between  the  first  and  second  dorsal  vertebra?  had  actually  emerged, 
following  the  subdivision  of  the  first  dorsal  nerve,  so  as  to  spread  among  exterior  parts.  The 
outer  surface  of  the  dura  mater  was  roughened  by  inflammatory  deposits ;  but  none  were 
found  within  it,  nor  was  there  any  softening  or  microscopical  change  in  the  structure  of  the 
cord.    No  other  disease  was  discovered  in  the  body. 

Mr.  Simon,  who  reports  1  this  case,  has  added  the  following  remarks  :  '  During  life  the 
diagnosis  of  this  case  could  not  reach  beyond  the  fact  of  paraplegia,  almost  certainly 
dependent  on  depression  of  the  cord  by  rapid  inflammatory  effusion.  The  fracture  was  ration- 
ally probable,  but  could  be  known  only  after  death.' 

Severe  contusion.  Unsuspected  laceration  of  intervertebralligaments.  Fissure  of 
art  iculating  processes.2 

A  man  was  brought  into  University  College  Hospital,  who  had  been  knocked  down  by  a 
cab,  the  horse  falling  partly  upon  him  and  striking  him  on  the  neck.  While  being  carried  to 
the  hospital  he  passed  his  urine  and  faeces  involuntarily.  The  left  side  of  his  neck  was  much 
bruised  and  severe  pain  was  complained  of  at  this  spot.  There  was  no  external  evidence  of 
fracture  of  the  spine.  ( Complete  paralysis  of  sensation  and  motion  existed  in  the  lower  ex- 
tremities, and  in  the  trunk  as  high  as  the  shoulders,  together  with  incontinence  of  fasces  and 
mine.  The  breathing  was  wholly  diaphragmatic.  On  the  next  day  it  was  found  that,  on 
being  pressed  to  move  his  legs,  the  patient  could  raise  and  cross  them.    Two  days  after  the 


1  rath.  Snc.  Trans,  vol.  vi.  p.  42.  The  record  of  this  case  is  followed  by  another, 
similar,  and  in  some  respects  more  remarkable,  reported  by  Br.  Bristowe.  The  presence  of 
pus  was  here  not  limited  to  the  outside  of  the  theca,  and  to  abscesses  burrowing  in  the  course 
of  the  nerve-trunks,  but  extended  also  to  the  cavity  of  the  arachnoid. 

2  Erich  sen,  loc.  sup?:  cit.  p.  43. 
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accident  the  urine  was  ammoniacal  and  bed-sores  were  forming.  Death  took  place,  ten  days 
after  the  accident,  from  increasing  dyspnoea. 

Post-mortem  examination. — The  head  and  brain  were  uninjured  and  healthy.  The  sixth 
and  seventh  cervical  vertebrae  were  separated  posteriorly.  The  vertebrae  and  their  arches 
were  quite  sound,  but  a  fissure,  without  any  displacement,  existed  through  the  articulating 
processes  on  the  left  side.  A  large  quantity  of  blood  was  extravasated  into  the  spinal 
canal,  lying  between  the  bones  and  the  dura  mater.  There  was  a  considerable  quantity  of 
reddish  serous  fluid  in  the  arachnoid.  The  pia  mater  of  the  cord  had  some  blood  patches 
on  it  in  the  lower  cervical  region.    The  cord  itself  was  quite  healthy. 

Severe  contusions.  Paralysis  slight  and  partial  of  one  upper  extremity.  Un- 
suspected dislocation  between  the  second  and  third  cervical  vertebras.  Sadden  death 
on  the  fourth  day.1 

A  man  was  admitted  into  University  College  Hospital,  having  slipped  between  some  railway 
carriages  in  motion  and  the  platform.  On  admission  all  the  movements  of  the  lower  extre- 
mities were  perfect,  and  the  patient  had  complete  control  over  his  bladder.  The  left  deltoid 
was  paralysed  and  the  power  of  supinating  the  left  hand  was  impaired.  There  was  no 
local  bruising  about  the  left  shoulder  to  account  for  this  paralysis,  nor  was  there  any  pain  on 
passive  movement.  "When  sitting  up  the  patient  complained  of  pain  in  his  neck,  relieved  by 
supporting  the  right  arm,  which  had  been  severely  bruised.  He  was  put  to  bed  fiat  on  his 
back,  the  head  being  steadied  by  sand-bags.  Three  days  after  the  accident  the  respirations, 
36  the  day  before,  were  now  44,  and  the  dyspnoea  severe.  As  the  patient  complained  greatly 
of  his  head  being  so  low,  he  was  raised  into  a  half-sitting  posture,  and  supported  there 
with  a  bed-rest.  After  this  he  said  lie  felt  much  better  and  more  comfortable,  when  all  of  a 
sudden  his  head  fell  forwards  and  to  the  right  side,  his  breathing  stopped,  and  he  was  apparently 
dead.  The  bed-rest  was  at  once  removed,  an  ounce  of  brandy  was  given  by  the  rectum,  and 
artificial  respiration  begun.  Before  long  the  patient  began  to  breathe  in  a  short,  catchy 
way,  and  was  gradually  restored  to  consciousness,  becoming  apparently  as  well  as  he  was 
before.  Shortly  after  he  became  restless,  and  began  struggling'  and  kicking  his  legs  about 
with  great  violence.  Death  took  place  a  few  minutes  later,  the  patient  having  again 
become  quiet  and  conscious. 

Post-mortem  examination. — There  was  no  fracture  of  the  skull ;  a  slight  recent  haemor- 
rhage was  found  beneath  the  parietal  layer  of  the  arachnoid.  Brain  healthy.  Very  ex- 
tensive extravasation  was  found  in  the  loose  cellular  tissue  behind  the  trachea  and  oesophagus, 
a  dislocation  existing  between  the  second  and  third  cervical  vertebrae.  The  ligamentous 
structures  were  more  lacerated  on  the  left  than  on  the  right  side,  so  that  while  lateral  dis- 
placement of  the  upper  part  of  the  spine  to  the  right  was  possible,  that  to  the  left  was  not 
much  more  than  natural.  Excessive  displacement  in  the  an tero -posterior  direction  easily 
occurred,  and  in  either  case,  but  especially  when  moved  forwards,  there  was  pressure  on  the 
cord. 

Fractures  and  Dislocations  of  the  Spine. 

Before  the  more  common  fracture  of  the  spine,  in  which  there  is  usually 
fracture  or  crushing  of  the  bodies  and  one  or  more  processes  of  the  vertebras,  together 
with  tearing  of  the  intervertebral  substance,  it  will  be  well  to  mention  those  fractures 
which  occur  occasionally  in  some  of  the  processes  alone. 

Fracture  of  the  sjjinous  processes. — This  may  occur  without  any  other  fracture 
of  the  vertebrae.  It  will,  usually,  be  met  with  in  the  lower  cervical  and  in  the  dorsal 
regions.  As  has  been  mentioned  above,  the  spines  of  the  middle  cervical  vertebrae 
recede  somewhat  to  allow  of  free  extension  of  the  neck,  while  the  great  strength  of 
the  lumbar  spines,  together  with  their  being  less  exposed  to  direct  violence,  protects 
them  from  fracture.  The  chief  symptoms  are  the  mobility  of  the  process,  frecjuently 
combineol  with  displacement  laterally  or  downwards,  great  tenderness,  the  usual 
local  symptoms  of  swelling,  &c,  and  often  absence  of  parajdegia.  This  last  may  of 
course  be  present  when  the  spinous  process  is  much  depressed,  or  when  fracture  of 
the  body  or  of  the  laminae  coexists.  It  will  also  be  present,  though  more  tempor- 
arily, when  concussions  of  the  cord  or  extravasation  of  blood  within  the  vertebral 
canal  have  complicated  fracture  of  the  spinous  process.  In  these  latter  cases,  when 
the  process  is  displaced  downwards  and  forwards,  time  alone  can  be  relied  on  for 
deciding  whether  the  cord  itself  has  escaped.  Paraplegia  may  be  absent  at  first,  and 
then  occur  suddenly  owing  to  displacement  of  the  spinous  process,  as  in  the  following 
case,  which  has  been  briefly  recorded  by  Mr.  Erichsen.2 


1  Erichsen,  he.  supr.  cit.  p.  40. 


2  Loc.  supr.  cit.  p.  50. 
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A  woman  was  admitted  into  University  College  Hospital  suffering  from  the  effects  of  a  fall 
on  the  back,  the  circumstances  attending  which  were  obscure.  There  was  no  paralysis.  She 
complained  of  pain  in  the  neck  and  kept  the  head  fixed  immovably,  being  quite  unable  to 
turn  it  to  either  side.  A  few  days  after  admission,  whilst  sitting  up  in  bed,  she  was 
startled  by  a  noise  in  the  ward,  and,  turning  her  head,  suddenly  fell  back  dead. 

Post-mortem  examination. — The  spinous  process  of  the  fifth  cervical  vertebra  had  been 
broken  off  at  its  root.  In  the  sudden  movement  it  had  got  jammed  into  the  arches  of  that 
and  the  contiguous  vertebra,  compressed  the  cord,  and  produced  sudden  death. 

The  surgeon  must  be  prepared  for  failure  of  bony  union,  even  after  carefully 
adjusted  support  has  been  duly  maintained,  but  the  resulting  deformity  will  be 
neither  great  nor  important.1 

As  long  as  any  doubt  remains,  whether  there  is  a  fracture  through  the  laminae, 
no  pressure  should  be  applied  to  retain  the  spinous  process  in  position,  for  fear  of 
driving  fragments,  already  depressed,  into  the  cord. 

Fracture  of  the  transverse  processes. — Unimportant  as  this  fracture  may  appear 
to  be  it  has  only  been  noticed  in  combination  with  fracture  of  other  parts  of  the 
vertebras,  or  as  a  result  of  severe  penetrating  wounds,  e.g.  gunshot  injuries.2  This  is 
explained  by  the  comparatively  small  size  and  protected  position  of  these  processes. 

Fracture  of  the  laminae. — This,  without  fracture  of  some  other  parts  of  the 
vertebrae,  is  very  rare.3  It  is  only  necessary  to  allude  to  it  on  account  of  the  question 
which  has  arisen  as  to  the  propriety  of  making  an  attempt  to  elevate  fragments  of 
laminae  which  have  been  depressed  upon  the  cord.    This  is  referred  to  below,  p.  682. 

More  usual*  forms  of  fracture  of  spine.  Fracture  of  one  or  more  processes  usually 
combined  with  f  racture  of  the  body  or  laceration  of  the  intervertebral  substance.  Frac- 
ture-dislocation.— The  question  whether  dislocation  of  the  spine  occurs  alone,  and 
without  any  fracture,  will  be  considered  below  (p.  687).  It  will  be  sufficient  for  the 
present  to  state  here  that,  as  a  rule,  where  dislocation  is  present,  there  a  certain 
amount  of  fracture,  slight  though  this  may  be,  will  on  careful  examination  be  found 
also.  Thus  a  slight  laceration  of  the  intervertebral  substance,  together  with  a 
detachment  of  the  anterior  face  or  prominent  rim  of  a  vertebral  body  and  fissure 
through  or  chipping  off  of  an  articular  process,  may  coexist  with  slight  displacement, 
while  a  more  complete  detachment  of  the  intervertebral  disc,  and  crushing  of  the 
vertebral  body,  are  found  in  cases  where  the  dislocation  is  complete.  It  is  obvious 
that  in  a  region  so  thickly  covered  with  ligamentous  and  other  structures,  so  slight 
fractures  as  those  mentioned  in  the  former  case  may  be  overlooked  without  most 
careful  examination,  and  the  case  considered  one  of  simple  dislocation. 

But,  practically,  the  question  of  the  proportionate  amount  of  fracture  compared 
with  dislocation  is  in  most  cases  of  little  moment.5  It  would  be  relying,  with  one 
or  two  exceptions  alluded  to  below,  on  a  false  analogy  to  suppose  that,  because 
it  is  important  in  a  case  of  accident  to  the  hip,  shoulder,  elbow,  <fec,  to  recognise 
distinctly  the  nature  of  the  injury,  whether  it  be  fracture  or  dislocation,  the  same 
thing  holds  good  with  regard  to  the  spine.  What  renders  injuries  of  the  back  of  the 
gravest  interest  to  the  surgeon  is  the  question  of  the  condition  of  the  spinal  cord ; 
and  that  organ  is  equally  liable  to  be  crushed,  and  have  its  functions  destroyed,  by 
fracture  or  by  dislocation.  As  to  the  treatment,  if  reduction  of  the  displaced  bones 
be  thought  advisable,  the  method  of  effecting  it  will  be  the  same  in  both  kinds  of 
injuries;  and  as  to  prognosis,  the  prospect  of  recovery  is  not  more  hopeful  in  the 
one  than  in  the  other. 

1  '  Ordinarily  the  displacement  continues,  whatever  treatment  may  be  adoped.' — Hamilton, 
Fract.  and  Disl.  p.  147.  Sir  A.  Cooper  (Fraet.  and  Disl.  p.  459)  mentions  a  case  where, 
no  union  having  taken  place,  a  false  joint  formed  between  the  fractured  surfaces. 

2  Liddell,  '  Injuries  of  the  Spine,'  Amer.  Journ.  Med.  Sci.  vol.  xlviii. 

'  Dr.  Hamilton  records  (he.  supr.  cit.  p.  149)  two  cases  in  which  the  lamina?  were  frac- 
tured, and  the  spinous  process  forced  in  upon  the  spinal  marrow.  The  bodies  of  the  vertebrae 
were  not  broken. 

4  Injuries  of  the  upper  two  cervical  vertebra;  are  described  separately,  p.  G82. 

5  Where  the  displacement  is  partial  or  unilateral,  and  where  it  is  thought  right  to  attempt 
reduction,  it  will  be  important  to  know  whether  any  evidence  of  fracture  is  present  (p.  G89), 
but  these  cases  are  very  rare. 
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Lesions  of  the  vertebral  column  in  fracture-dislocation. — These  will  vary 
somewhat  according  as  the  violence  before  which  the  spine  gives  way  is  indirect  or 
direct. 

A.  Fractures  from  indirect  violence. — These  are  much  the  more  common,  and  are 
seen  with  especial  frequency  in  the  cervical  region  from  a  violent  bending  of  this 
part  of  the  spine,  as  when  a  patient  falls  downstairs  with  the  head  doubled  up 
beneath  him,  when  a  '  header '  is  taken  into  shallow  water,  or  when  a  man  sitting  on 
the  top  of  a  van  which  is  being  driven  under  an  archway  forgets  to  stoop.  The 
spine  may  also  be  broken  lower  down  by  indirect  violence,  the  violence  being  applied 
in  different  ways.  Thus  in  one  case  where  a  sack  of  corn  had  alighted  on  a  patient's 
neck,  a  fracture  was  found  at  the  fifth  dorsal ;  while  in  another,  where  a  patient 
had  come  down  upon  the  ground  from  a  height  upon  his  nates,  the  spine  was 
found  to  have  given  way  at  the  eighth  dorsal  vertebra. 

In  examining  the  body  of  a  person  who  has  died  shortly  after  such  fractures  of 
the  spine,  the  following  will  be  amongst  the  appearances  observed.  Blood  will  be 
extravasated  extensively  in  the  neighbourhood  of  the  fracture,  amongst  the  muscles 
and  tendons  in  the  vertebral  grooves  on  each  side  of  the  spine,  and  in  the  cellular 
tissue  about  the  vertebra?.  The  supraspinous,  and  in  the  dorsal  and  lumbar  region 
the  interspinous,  ligaments  will  be  ruptured,  and  a  gap  thus  made  between  the 
corresponding  spinous  processes,  while  the  ligamenta  subflava  connecting  the 
arches  of  the  two  vertebra?  most  involved  in  the  injury  will  be  torn  off  from  the 
margins  of  the  lamina?.  The  injury  to  the  processes  will  differ  in  the  several  regions. 
In  the  cervical  spine,  especially  in  the  lower  part,  the  lamina?  and  spinous  processes 
may  be  fractured,  and  the  capsular  ligaments  torn,  but  the  articular  processes  may 
either  escape  fracture  or  have  their  edges  merely  chipped  ;  they  will  probably  have  been 
dislocated,  but  owing  to  the  surfaces  of  these  processes  being  comparatively  broad  and 
nearly  on  the  same  horizontal  level  with  the  bodies  of  the  vertebrae,  they  frequently 
fall  into  their  places  again  after  the  separation ;  thus  constituting  it  a  case  of  dias- 
tasis rather  than  of  dislocation.  In  the  dorsal  region  the  spinous  jsi'ocesses  and 
lamina?  are  constantly  fractured,  and  the  articular  processes  always  whenever  any  dis- 
location is  met  with.  In  the  lumbar  region,  the  articulating  processes  will  be 
wrenched  asunder,  like  teeth  drawn  from  their  sockets ;  but  when  the  vertebra? 
settle  down  the  processes  will  not  easily  return  to  their  original  situations — one  or 
both  will  hitch  upon  some  point  of  the  subjacent  vertebra,  on  which  they  can  rest ; 
the  bones  will  thus  be  locked  and  permanently  displaced,  there  will  be  a  distinct 
bend,  accompanied  with  a  twist  of  the  spine,  and  the  transverse  processes  of  one  side 
will  project  visibly  against  the  skin.  Coi-sequent  on  the  separation  of  the  articulat- 
ing processes  and  the  simultaneous  rupture  of  the  ligamenta  subflava,  the  interior  of 
the  vertebral  canal  will  be  opened  and  the  sheath  of  the  spinal  cord  exposed,  probably 
obscured  by  extravasated  blood.  The  lesions  of  the  cord  and  its  membranes  are 
described  separately  and  in  detail  (p.  641).  In  the  front  of  the  vertebral  column, 
laceration,  partial  or  complete,  of  the  intervertebral  fibro- cartilage  is  not  uncommon. 
But  the  chief  injury  inflicted  consists  in  a  breaking  down  of  the  body  of  the  par- 
ticular vertebra  which  is  situated  at  the  angle  of  flexion,  and  the  fracture  is  a  com- 
bination of  'comminuted'  and  'impacted.'  With  the  fracture  of  the  body,  the 
longitudinal  ligaments  in  front  and  behind  are  commonly  torn.  The  upper  frag- 
ment may  glide  a  short  way  downwards  and  forwards  upon  the  lower  (figs.  93  and  94), 
and  in  that  manner  overhang  it ;  but,  owing  to  the  locking  of  the  processes  behind, 
that  motion  is  arrested  and  the  displacement  is  rarely  considerable.1 

In  other  cases  when  a  triangular  portion  of  the  body  has  become  loose,  it  has 

1  Occasionally  where  the  direct  violence  has  been  very  severe  even  the  lumbar  vertebrae 
may  undergo  complete  dislocation  combined  with  fracture.  Thus  in  a  specimen  described  by 
Mr.  Wagstaff'e  (Path.  Soc.  Trans,  xxi.  p.  327)  the  posterior  margin  of  the  body  of  the  first 
lumbar  vertebra  lay  directly  over  the  anterior  margin  of  the  body  of  the  second.  Mr.  Le 
Gros  Clark  (Lect.  on  Surg.  Diagnosis,  p.  142)  refers  to  and  fig-urea  a  specimen  in  which  the 
dislocation  was  even  more  complete,  the  posterior  part  of  the  body  of  the  fourth  lumbar 
vertebra  was  in  contact  with  the  anterior  part  of  the  body  of  the  fifth.  The  body  of  the 
second  vertebra  was  fractured  in  the  former  case,  and  the  arch  of  the  fourth  in  the  latter. 
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been  driven  by  the  crushing  force  in  front,  backwards  with  the  force  of  a  wedge  into 
the  vertebral  canal,  so  as  to  encroach  upon,  and  often  to  fatally  injure,  the  "spinal 
cord  (fig.  94). 

B.  Fractures  from  direct  violence. — Instances  of  these  are  seen  when  a  patient 
falls  from  a  height,  striking  part  of  his  spine  upon  the  ground,  or,  as  in  a  fall  from 


Fig.  03. 


-Fracture  of  the  Spine  from  in- 
direct violence. 


The  patient,  a  young  man.  had  fracture  through  the 
eleventh  dorsal  vertebra,  from  a  heavy  weight  falling 
on  his  shoulders,  and  doubling  him  up.  He  survived, 
with  paralysis  and  anaesthesia  of  the  lower  extremities, 
for  eight  days.  The  two  ends  of  the  spinal  cord,  where 
it  and  the  theca  were  torn,  were  one  and  a  half  inches 
apart.  The  preparation  is  in  the  Museum  of  the 
Middlesex  Hospital. 


a  scaffold,  against  a  projecting  beam  before 
the  ground  is  reached ;  when  a  large  frag- 
ment of  coal  or  a  mass  of  stone  strike  the 
spine,  or  when  the  back  is  struck  by  a  swing- 
ing beam  of  timber,  or  by  a  revolving  crane- 
handle.  Direct  injuries  are  a  less  common 
cause  of  fracture  of  the  spine  than  indirect,1 
and  while  the  latter  is  most  frequently  met 
with  in  the  cervical  and  upper  dorsal  spine 
(antea,  p.  639),  the  former  may  occur  at  any 
part.  In  some  of  these  cases,  again,  the 
chances  of  recovery  are  more  favourable ; 
when  the  Fall  has  only  been  a  comparatively 
slight  one,  or  the  blow  received  on  the  back 
not  a  very  severe  one,  one  or  two  spinous  pro- 
cesses alone  may  be  fractured,  or  if  there  be 


Fig.  94— Last  two  Dorsal  and  part  of 
first  four  Lumbar  Vertebrae  of  a  man 
whose  spine  was  fractured  nearly  a 
year  before  death. 


The  first  lumbar  vertebra  is  chiefly  affected ;  it  is 
seen  to  overhang  the  altered  flbrocartUage  (1)  and 
vertebrae  below,  to  both  of  which  it  is  connected 
by  a  layer  of  new  bon  .  A  portion  of  the  body 
of  the  first  lumbar  vertebra  (2)  has  been  forced 
backwards  into  the  vertebral  canal,  severely  dam- 
aging the  spinal  cord,  iu  which,  in  addition  to 
much  wasting  and  stretching,  a  deep  longitudinal 
split  is  seen  (3). 

The  patient,  an  athletic  man,  net.  25,  was=  crushed 
by  a  fall  of  chalk  and  flints,  complete  paraplegia  and 
angular  deformity  being  noticed  when  he  was  dug 
out.  Inability  to  void  his  urine  was  present  for  some 
time,  and  at  the  end  of  a  month  bed-sores  had 
appealed  over  the  sacrum.  Six  months  after  the 
accident  complete  control  over  the  urine  and  faxes 
was  regained,  the  bed-sores  were  healed,  and  the 
general  health  fully  restored.  The  paralysis  of 
the  lower  extremities  seemed  to  be  the  only  re- 
maining consequence  of  the  accident.  Sloughing, 
however,  took  place  over  the  ischial  tuberosities  as 
u  consequence  of  the  patient's  letting  himself 
downstairs,  step  by  step.  This  was  followed  by 
partial  necrosis  and  a  large  abscess,  death  taking 
place  just  ten  days  less  than  a  year  after  the 
fracture  of  the  spine.  (Hunterian  Museum,  984d, 
2030.  'Med.  and  I'hys.  Jouin.,'  vols.  xxv.  p.  201, 
and  xxvi.  p.  371.) 


a  fracture  of  the  body  this  may  be  slight  and 

without  ci  ushing.  In  such  cases  the  cord  may  escape  with  slight  and  partial  damage.2 
But  in  other  cases,  as  where  the  fall  upon  the  back  has  been  from  a  considerable 


1  While  in  ordinary  surgical  practice  fractures  from  direct  violence  are  less  common,  and 
somewhat  more  favourable  than  those  from  indirect  violence,  in  military  surgery  fractures 
from  direct  gunshot  injury  are  common,  and  likewise  very  fatal. 

2  Figs.  93  and  94,  representing  spines  fractured  from  indirect  and  direct  violence  re- 
spectively, illustrate  the  differences  in  the  amount  of  injury  to  the  cord  and  in  Ihe  survival 
of  the  patient,  differences  which  are  often  met  with  in  the  two  forms  of  fracture,  and  which 
are  alluded  to  again  p.  GUI,  when  the  prognosis  of  cases  of  fractured  spine  is  considered. 
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height,  as  from  a  ship's  yard,  down  the  well  of  a  lift,  or  from  a  scaffold,  the  damage  both 
to  column  and  cord  may  be  quite  as  severe  as  those  caused  by  any  indirect  violence. 

Injuries  of  the  Spinal  Cord,  its  Membranes  and  Nerves. 

Taking  the  membranes  first,  the  theca  usually  escapes  ;  thus,  not  only  the  dura 
but  the  pia  mater  may  be  unaffected,  while  the  cord  itself  has  sustained  terrible 
injury.  It  is  by  pointed  fragments  that  the  theca  is  usually  and  partially  lacerated. 
Complete  rupture  is  rare. 

The  injuries  of  the  cord  present  greater  variety.  Before  speaking  of  the  lesions 
most  commonly  met  with,  it  may  be  stated  that,  as  a  rule,  the  completeness  of  the 
cord-lesion  will  vary  with  the  site  of  the  injury.  Thus,  in  fracture-dislocations  of 
the  cervical  and  upper  dorsal  region  on  account  of  the  smaller  size  of  the  vertebral 
bodies,  and  also  because  fractures  in  these  parts  of  the  spine  are  usually  due  to 
indirect  violence  and  therefore  accompanied  with  much  displacement,  the  cord  will 
most  probably  be  completely  crushed.  In  the  lumbar  region,  on  the  other  hand, 
from  the  larger  size  of  the  vertebral  bodies,  and  also  because  it  is  here  surrounded 
with  the  tougher  nerves  of  the  cauda  equina,  the  damage  to  the  cord,  in  this  region, 
is  often  less  severe.  The  importance  of  this  point  as  bearing  upon  the  degree  of 
paraplegia  is  obvious,  and  will  be  alluded  to  again  below  (p.  658). 

The  following  are  the  lesions  of  the  cord  most  frequently  met  with.  (1)  While 
the  theca  may  be  entire,  without  even  any  sign  of  contusion,  and  while  hemorrhage 
may  be  found  in  the  arachnoid  sac,  the  cord  itself  may  be  completely  crushed  and 
broken  up.  Before  the  theca  is  opened,  passage  of  a  finger  along  its  surface  will 
detect  a  soft  spot,  or  a  flattened  constricted  depression.  This  is  very  common  in 
crushes  from  indirect  injury  in  the  cervical  and  upper  dorsal  spine.  On  slitting 
up  the  theca  a  greyish  or  chocolate-coloured  mass  of  blood  and  debris  of  nerve 
structure  is  found,  showing,  microscopically,  broken-up  nerve  fibres  and  axis-cylinders, 
myelin  detritus,  blood-corpuscles,  and  the  usual  products  of  acute  traumatic  inflam- 
mation. (2)  The  pia-mater  being  implicated  the  cord  will  not  only  be  crushed  but 
burst,  escaping  as  a  thin,  grumous,  semi-fluid  pulp  at  the  site  of  rupture.  (3)  The 
cord  may  be  completely,  but  more  cleanly,  severed  by  a  sharp  fragment  of  bone,  the 
pia-mater  being  of  course  also  torn  through,  and  the  dura-mater  also,  to  a  less 
extent.  (4)  On  opening  the  theca  the  cord'  may  appear  at  first  sight  of  its  normal 
shape  and  colour,  or  it  may  merely  show  some  slight  and  trivial  discoloration  exter- 
nally, but  on  slicing  it  longitudinally  a  portion  of  its  periphery  may  be  of  the  usual 
white  appearance,  while  the  rest  of  its  periphe  ry  and  the  centre  may  be  occupied  by 
blood  clot.  (5)  Where,  opposite  to  the  last  dorsal  vertebra,  the  cord  begins  to  taper 
to  a  point,  it  begins  to  be  surrounded  by  the  lumbar  nerves,  which  descend  vertically 
as  the  distance  between  the  point  of  their  leaving  the  cord  and  that  of  their  exit 
from  the  canal  is  rapidly  increasing.  A  little  lower  down,  after  the  junction  of  the 
first  and  second  lumbar  vertebrae,  the  canal  contains  only  the  sheath  and  the  cauda 
equina  in  it.  From  their  firmness  these  nerves  will,  in  the  former  case,  protect  the 
cord  to  a  considerable  degree  from  external  violence,  while  in  the  latter  case  their 
toughness,  together  with  the  looseness  of  the  sheath,  may  allow  them  to  yield  some- 
what and  to  accommodate  themselves  to  displacement  of  the  bones.  Thus,  while  some 
are  contused  and  ecchymosed,  or  even  lacerated,  some  escape,  and  the  resulting  para- 
plegia will  be  incomplete  and  irregular.  The  next  two  lesions,  though  not,  I  believe, 
submitted  to  post-mortem  proof,  are  based  on  undoubtedly  sound  and  accurate 
clinical  observation.  (6)  In  the  cervical  region  an  injury  may  cause  partial  fracture 
with  some  lateral  twisting  of  the  vertebrae  and  so  bring  about  damage  to  the  nerve 
roots  or  to  their  trunks,  while  the  cord  itself  may  escape  crushing.  Thus  Mi-.  Hutchin- 
son 1  records  three  cases  (xii.  xviii.xix.)  which  were  probably  of  this  nature.  In  all  the 

1  Lond.  Hosp.  Repfs.  vol.  iii.  pp.  338,  347,  368.  '  In  none  of  the  above  three  cases  did 
the  injury  involve  a  crush  of  the  spinal  cord.  Probably  the  vertebrae  were  fractured  and 
twisted  laterally,  so  that  the  nerve-roots  or  their  trunks  were  damaged,  rather  than  the  cord 
itself.' — Loc.  supr.  cit.  p.  348. 
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injury  appeal's  to  have  been  indirect  violence,  similar  to  that  which  causes  more 
commonly  the  complete  and  fatal  injury. 

The  following  (xix.)  is  a  good  instance  : — A  man,  ret.  thirty-four,  was,  while  drunk, 
thrown  down  stairs.  His  friends,  concealing  what  had  happened,  kept  him  at  home 
without  medical  advice  for  some  weeks.  During  this  time  he  was  in  bed,  had  almost 
complete  paralysis  of  his  right  arm,  and  very  imperfect  use  of  his  other  limbs.  At 
the  end  of  six  weeks  he  consulted  Mr.  Hutchinson  at  the  London  Hospital.  In  the 
lower  part  of  the  cervical  region  there  was  marked  and  considerable  irregularity,  so 
that  there  could  be  no  doubt  whatever  that  a  fracture,  with  displacement,  had 
occurred.  The  man  could  run  and  walk  well,  but  some  of  the  muscles  of  his  right 
arm  were  quite  i>aralysed,  and  the  whole  arm  was  much  weakened. 

(7)  In  another  and  very  limited  class  of  cases  after  a  direct  blow  on  the  root  of 
the  neck,  as  in  a  fall  from  a  scaffold  (the  fall  being  broken  by  striking  against  a 
projecting  beam),  or  from  the  fall  of  a  bough  of  a  tree,  laceration  of  the  nerve  roots 
constituting  the  brachial  plexus  and,  with  them,  the  roots  of  the  cervical  sympathetic, 
which  leave  the  cord  in  the  cervico-dorsal  region,  has  been  known  to  take  place. 
As  these  cases  have  nothing  necessarily  in  common  with  fracture-dislocation,  they 
will  be  alluded  to  again  below  (p.  708). 

Symptoms  accompanying  fracture-dislocation  oj  the  spine. — After  the  patient 
has  recovered  from  the  state  of  collapse  which  usually  follows  on  so  severe  an  injury, 
it  is  noticed  that  he  complains  of  pain  at  the  site  of  injury,  especially  when  any 
attempt  is  made  to  move  him  :  ecchyniosis,  swelling,  occasionally  crepitus,  and 
perhaps  some  slight  angular  deformity,  or  irregularity  in  the  position  of  the  pro- 
cesses, may  also  be  detected.  The  above  are  symptoms  common  to  all  fractures  : 
those  more  especially  indicative  (on  account  of  the  concomitant  lesion  of  the  cord)  of 
fracture  of  the  spine  will  now  be  considered.  And  while  the  following  are  described 
here  as  accompanying  lesions  of  the  cord  after  fracture-dislocation,  it  must  ba 
remembered  that  they  are  really  symptoms  common  to  all  traumatic  lesions  of  the 
cord,  however  produced.  When  these  general  symptoms  have  been  considered,  those 
more  peculiar  to  each  region  will  be  pointed  out  (p.  G58). 

A.  Loss  of  power  and  motion. — It  is  noteworthy  thatinsome  cases  where  fracture- 
dislocation  of  the  spine  has  undoubtedly  occurred  (this  being  verified  subsequently 
by  post-mortem  examination)  there  may  be  at  first  no  loss  of  motion,  as  in  the 
following  cases,  in  the  first  of  which  it  is  stated  that  sensation  also  was  unaffected. 

P.  S.,  1  set.  62,  having  fallen  eleven  feet,  was  brought  to  St.  George's  Hospital.  After 
admission  he  walked  into  the  ward,  complaining  only  of  pain  in  the  neck.  Nothing  fresh 
was  complained  of  till  three  days  afterwards,  when  he  felt  a  numbness  in  his  legs  and 
tottered  in  walking.  Sensibility  of  the  skin  to  pinching  and  pricking  was  everywhere 
perfect.  Seven  days  after  the  accident  he  bad  so  lost  power  in  the  legs  that  he.  was 
scarcely  able  to  move  them,  still,  sensibility  remained  as  before.  Nine  days  after  the  accident 
he  could  only  with  dilliculty  move  his  arms,  which  were  much  Hexed.  A  few  days  later 
dyspnoea  was  noticed,  and  this  gradually  proved  fatal,  hut  it  was  not  till  the  thirty-second 
day  after  the  accident  that  all  sensibility  of  the  skin,  as  well  as  all  power  of  movement  in 
the  legs,  was  found  to  be  lost. 

Post-mortem  examination. — Dislocation  forwards  of  the  sixth  cervical  vertebra  was  found 
to  exist,  so  that  the  body  of  the  seventh  projected  for  at  least  half  an  inch  into  the  spinal 
canal  behind.  The  dura-mater  opposite  the  sixth  and  seventh  cervical  vertebrae  was 
thickened,  and  a  slight  amount  of  recently  formed  fibrin  existed  here  between  the  bone  and 
theca.  The  anterior  part  of  the  cord  at  this  part  was  pressed  on  by  the  body  of  the  seventh 
vertebra,  and  was  slightly  softened. 

The  following  case  is  briefly  recorded  by  Mr.  Erichsen  2  : — 

A  man  having  fallen  out  of  a  window  on  to  his  vertex,  had  extravasation  under  the  scalp, 
but  no  fracture  of  the  skull.  The  only  sign  of  nerve  injury  was  paralysis  of  the  spinal 
accessory.  Paralytic  symptoms  gradually  invaded  the  limbs.  First  one  upper  extremity, 
then  the  other,  became  paralysed,  and  then  one  leg.  After  deatli  the  atlas  was  found  broken 
through  its  left  lateral  mass,  and  the  cervical  portion  of  the  cord  had  undergone  inflammatory 
softening  and  central  disintegration. 


1  Dr.  J.  W.  Ogle,  Brit,  and  For.  Med.-Chir.  Bee.  xxiv.  p.  501. 

~  Cotwiwiun  of  the  Spine,  p.  oO. 
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In  the  case  of  fracture-dislocation  of  the  second  lumbar  vertebra,  which  is  figured 
at  p.  662,  no  sign  of  paralysis  appeared  till  after  four  days,  when  numbness  and  partial 
loss  of  power  were  noticed  in  the  lower  extremities. 

In  such  cases  the  disturbances  of  motion  and  sensation  have  not  occurred  until 
inflammatory  thickening  of  the  meninges  or  degeneration  of  the  cord  itself,  perhaps 
originating  in  inflammation  about  hemorrhagic  foci,  have  supervened. 

The  degree  to  which  motion  (and  sensation  also)  are  lost  will  of  course  depend 
upon  the  amount  of  crushing  to  which  the  cord  has  been  subjected.  For  reasons 
already  given  (pp.  639,  641)  this  is  more  likely  to  be  complete  in  the  cervical  and 
dorsal  than  in  the  lumbar  regions ;  when  motion  and  sensation  are  both  only  in- 
completely lost,  the  loss  of  motion  will  nearly  always  be  greater  than  that  of  sensa- 
tion. In  fracture-dislocation  it  is  obvious  that  with  the  usual  form  of  displacement 
when  the  vertebra?  immediately  above  the  injury  go  forwards,  the  cord  attached  to 
them  by  the  nerves  and  processes  of  dura-mater  will  go  with  them,  and  thus  its 
anterior  and  antero -lateral  portions  will  be  the  parts  first  brought  in  contact  with 
the  projecting  posterior  and  upper  portion  of  the  vertebrae  below.  In  trying  to 
define  the  amount  of  paraplegia,  and  so  the  exact  site  of  lesion  of  the  cord,  one 
or  two  anatomical  points  with  regard  to  the  affected  nerves  must  be  borne  in  mind. 
The  relation  between  the  site  of  origin  of  the  nerves  from  the  cord  and  that  of  their 
exit  from  the  vertebral  canal  is  not  the  same  throughout.  Thus  the  first  seven 
cervical  nerves  come  out  above  the  first  seven  cervical  vertebrae,  the  eighth  cervical 
nerve  comes  out  below  the  seventh  cervical  vertebra,  and  so  with  the  remaining 
nerves,  they  come  out  below  the  vertebra  to  which,  in  number,  they  correspond. 
Again  the  spines,  which  alone  can  be  felt,  and  which  are  usually  taken  as  guides, 
do  not  correspond  throughout  to  their  vertebrae.  Fig.  95  1  shows  the  average  relations 
of  the  spine  to  the  bodies  of  the  vertebras  and  of  both  to  the  origin  of  the  spinal  nerves. 
These  anatomical  points  are  again  alluded  to  in  the  account  of  the  fractures  of  the 
different  regions  (p.  658  et  seq.) 

While  the  paraplegia  is  only  too  often  complete  from  severe  crushing  of  the 
cord,  certain  cases  occur  where  it  is  more  partial.  This  may  be  the  case  when  the 
paraplegia  is  due  to  haemorrhage,  or  to  inflammation  about  an  originally  slight 
injury  to  the  cord  (p.  690).  It  is  seen  sometimes  after  fracture-dislocation  of  the 
lumbar  region,  and  far  more  rarely  after  injuries  of  the  cervical  spine  where  partial 
displacement  has  taken  place.  Mr.  Hutchinson  2  refers  to  such  cases  where  '  one 
arm  is  paralysed  and  the  other  not,  and  the  muscles  of  respiration  on  one  side  only, 
and  perhaps  only  imperfectly  on  that.'  These  cases  often  recover  in  spite  of  the 
importance  of  the  region  injured,  but  usually  some  degree  of  permanent  local 
paralysis  persists.  These  cases,  most  likely  to  occur  in  the  cervical  region,  as  they 
depend  upon  direct  violence  to  which  the  neck  is  more  exposed  than  other  regions, 
are  very  rare.  As  stated  already,  indirect  violence  usually  followed  by  complete 
crushing  of  the  cord  is  far  more  common  in  the  cervical  region.  This  incomplete 
paralysis  will  be  referred  to  again  in  the  account  of  partial  dislocation  of  the  spine 
(p.  689).  In  fracture-dislocations  of  the  cervical  spine  motion  and  sensation,  com- 
pletely abolished  in  the  parts  below,  may  be  retained,  though  not  symmetrically,  in 
the  upper  extremities.  Here,  too,  as  traumatic  disintegration  of  the  cord-substance 
progresses,  motor  control  over  certain  groups  of  muscles  present  at  one  time,  may,  a 
day  or  two  later,  be  replaced  by  rigidity,  and  sensation  give  place  to  hyperaesthesia, 
or  be  lost  altogether  (p.  660). 

B.  Disturhance,  of  sensation. — It  has  been  stated  above  (p.  642)  that  motion  only 
may  be  impaired,  sensation  remaining  unaffected.  The  question  may  be  asked,  Is 
the  reverse  ever  met  with  ?  Is  sensation  ever  alone  interfered  with,  while  motion 
remains  intact  1    This  is  very  seldom  seen  by  surgeons.    It  is  extremely  rare  after 

1  For  this  I  am  indebted  to  the  courtesy  of  Dr.  Gowers,  who  prepared  it  for  his  Diagnosis 
of  Diseases  of  the  Spinal  Cord,  2nd.  ed.  p.  58. 

2  Loc,  sup?:  cit.  p.  371.  As,  however,  has  been  stated  above,  the  cause  of  these  partial 
displacements  in  the  cases  quoted  by  Mr.  Hutchinson,  seems  to  have  been  indirect  violence, 
and  the  recovery  in  all  of  them  is,  on  this  account,  the  more  noteworthy. 
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penetrating  wounds  of  the  cord  ;  after  fractures  of  the  spine  it  is  unknown.1  In  the 
severer  injuries  which  are  only  too  common  with  great  displacement  of  the  bones 

Fig.  95. — Diagram  and  Table  showing  the  Approximate  Relation  to  the  Spinal  Nerves 
of  the  various  Motor,  Sensory,  and  Reflex  Functions  of  the  Spinal  Cord.  {Arranged 
by  Dr.  Gowers  from  anatomical  and  pathological  data.) 
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still  in  ignorance  as  to  the  exact  number  and  site  of  the  paths  by  which  sensations  travel  in 
the  cord,  but  it  appears  certain  that  these  paths  are  less  limited  than  those  of  motion. 
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and  much  crushing  of  the  cord  sensation  below  is  entirely  abolished.  A  few  modifi- 
cations of  this  rule  in  the  cervical  and  lumbar  regions  have  been  already  alluded  to 
(p.  641).  The  existence  of  a  hyperajsthetic  tract  lying  as  a  boundary  line  between  the 
paralysed  and  non-paralysed  parts  is  of  frequent  occurrence.  This  tract  is  usually 
best  made  out  on  the  integument  of  the  trunk,  the  slightest  irritation,  such  as  a 
draught  of  cold  air  or  the  contact  of  the  bedclothes,  producing  intense  pain. 
Occasionally  this  condition  is  met  with  from  the  first,  and  may  be  attributed  to  irri- 
tation of  the  nerve-trunks  by  the  rough  edges  of  the  fractured  bones.  In  such  a 
case  it  is  said  to  be  diagnostic  of  dislocation  as  opposed  to  fracture  of  the  spine. 
More  usuallv  it  only  comes  on  after  an  interval  of  a  few  days,  and  may  be  explained 
by  the  fact  that  the  nerves  which  supply  the  hyperpesthetic  tract  run  up  into  a  por- 
tion of  the  cord  which,  lying  above  the  disorganised  portion,  was  only  contused  at 
the  time  of  injury,  but  now,  an  interval  having  elapsed,  is  irritated  and  inflamed. 
In  some  cases  of  fracture  of  the  spine,  where  the  cord  has  only  been  partially  in- 
jured, hyperesthesia,  of  the  parts  below  the  injury,  or  various  forms  of  paresthesia — i.e. 
tinglings,  pins  and  needles,  &c. — may  be  met  with  at  a  later  interval,  and  are  then 
clue  to  a  secondary  meningo-myelitis  (p.  696).  Mr.  Hutchinson1  points  out  two 
sources  of  fallacy  which  must  be  remembered  in  any  attempt  to  estimate  the  loss  of 
motion  and  sensation,  and  to  compare  the  two.  Firstly,  sensation  is  merely  passive, 
motion  is  active.  '  With  a  partially  crushed  spinal  cord  we  may  easily  suppose  a 
patient  unable  to  transmit  the  orders  of  his  will  through  the  damaged  portions, 
whilst  still  a  certain  degree  of  passive  sensation  (requiring  no  exertion  of  his  will)  may 
remain.  Another  source  of  fallacy  is  the  difficulty  of  accurate  observation.  A  man 
tells  you,  "  I  cannot  move  my  legs,"  and  you  are  unable  to  prove  the  contrary,  though 
it  is  still  possible  that  a  very  vigorous  exertion  of  the  will  m  ight  be  able  to  set  certain 
muscles  in  action ;  in  other  words,  that  voluntary  motion,  although  seemingly  in  abey- 
ance, is  not  absolutely  lost.  The  same  patient  tells  you  he  "  can  feel  well,''  yet  very 
probably,  if  you  try  accurate  tests,  such  as  the  compasses,  ordinary  hairs  or  feathers, 
over  the  surface,  you  will  find  that  the  sensory  function  is  very  far  from  perfect.' 

C.  Disturbances  of  reflex  action.- — The  production  of  spinal  reflex  movements — i.e. 
the  direct  transference  of  sensory  impressions  into  motor  paths — is  now  considered  to 
take  place  in  and  to  require  the  presence  of  the  grey  substance  of  the  cord.  At  first 
— i.e.  immediately  after  the  shock  of  the  injury — these  reflex  movements  are  usually 
entirely  suspended.  But  as  a  rule  they  soon  return,  and  often  become  exaggerated. 
Thus  in  the  lower  extremity,  the  most  familiar  site  of  their  demonstration,  on  tick- 
ling the  tees  or  plantar  surface  of  the  foot  contractions,  chiefly  of  the  flexors,  are 
observed  to  take  place  along  the  limb.  A  similar  effect  may  be  observed  after  the 
introduction  of  the  catheter.  Ordinarily  these  reflex  contractions  are  limited  to  the 
limb  which  receives  the  sensory  impression,  but  occasionally  they  extend  to  the 
opposite  one.  The  presence  of  these  reflex  contractions  is  important  to  the  surgeon. 
Their  suppression  must  always  be  a  grave  symptom,  since  it  causes  the  suspicion  that 
extensive  destruction  has  taken  place  in  the  grey  matter,  as  is  only  too  frequent  after 
severe  crushes  of  the  spinal  cord.  This  refers  to  the  early  abolition  of  the  reflex 
movements  which  may  follow  on  the  primary  original  destruction  of  the  grey  matter. 
When  this  destruction  is  secondary  and  shows  itself  later  on,  it  is  due  to  a  myelitis 
extending  downwards  from  the  original  lesion.  In  such  a  case  the  reflex  activity 
may  be  at  first  normal,  or  slightly  increased,  but  it  gradually  becomes  weaker  and 
entirely  disappears.  While  the  surgeon  may  thus  draw  important  conclusions,  after 
lesions  of  the  spinal  cord,  as  to  the  probable  condition  of  the  grey  matter,  the  onset, 
progress,  <tc.  of  myelitis,  it  must  be  remembered  that  the  grey  matter,  with  its 
ganglion  cells,  though  the  most  important  part  of  the  apparatus  for  producing  reflex 
movements,  is  not  the  whole  apparatus,  and  that  if  there  be  lesions  of  the  other  parts 
of  the  apparatus — e.g.  the  roots  of  the  nerves,  &c. — corresponding  interference  with  the 
reflex  action  will  be  produced.  The  above  remarks  on  disturbances  of  reflex  move- 
ments apply  only  to  those  which  consist  of  muscular  movements  excited  by  cutaneous 
irritation.    Of  recent  years  the  labours  of  physiologists  have  much  extended  our 

1  hoc.  supr.  nit.  p.  369. 
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knowledge  of  spinal  reflex  action,  and,  some  of  the  other  conditions  to  be  mentioned 
lielow  might  have  been  considered  under  this  head.  I  have  preferred,  however,  to 
adopt  what,  at  the  present  time,  appears  to  be  a  simpler  arrangement. 

Dr.  Gowers  1  has  drawn  especial  attention  to  the  value  of  certain  reflex  phe- 
nomena in  the  diagnosis  and  prognosis  of  lesions  of  the  spinal  cord.  Of  the  two 
forms  of  these  '  skin  reflexes  and  tendon  reflexes,'  the  former  are  most  available  in 
the  earlier  stages  of  fractured  spine.  The  following  are  instances  given  by  Dr. 
Gowers 2  : — 

1.  In  the  case  of  a  sailor  with  fractured  spine  the  symptoms  pointed  to  damage  of  the 
lower  part  of  the  lumbar  enlargement  and  its  nerves.  '  But  what  was  the  state  of  the  dorsal 
cord  ?  Sensation  above  the  groins  was  normal,  hut  this  does  not  exclude  slight  damage  to 
the  cord,  since  the  impairment  of  sensation  caused  by  slight  damage  may  soon  pass  away. 
Here  it  was  that  the  superficial  trunk  reflexes  assisted  us.  We  found  that  the  epigastric 
reflex3  and  the  abdominal  reflex 4  were  perfectly  natural  on  each  side,  even  in  the  lower 
part  of  the  abdomen.  The  cremasteric  reflex,5  however,  was  active  on  the  right  side,  absent 
on  the  left,  so  that  we  had  evidence  that  the  dorsal  cord  was  normal,  and  that  the  damage 
commenced  at  the  first  lumbar  nerve,  where  the  reflex  loops  were  damaged  on  the  left  side 
and  normal  on  the  right,  and  that  just  below  this  point  the  damage  was  great.  The  patient 
died,  and  the  autopsy  revealed  exactly  the  conditiou  which  had  been  diagnosed.' 

l2.  A  girl  fell  off  a  housetop  and  became  at  once  paraplegic.  There  were  indications  of 
damage  to  the  bones  about  the  tenth  dorsal  vertebra.  The  legs  were  completely  paralysed, 
but  there  was  only  slight  wasting,0  the  faradaic  irritability  of  the  muscles  being  preserved, 
though  lowered,  and  reflex  action  was  preserved.  Hence  it  was  inferred  that  the  motor 
nerves  were  undegenerated,  that  the  lumbar  anterior  cornua  were  not  directly  damaged,  that 
the  reflex  loops  were  entire  ;  in  short,  that  the  damage  to  the  cord  was  at  or  above  the 
highest  part  of  the  lumbar  enlargement.  There  was  loss  of  sensibility  to  pain  in  the  legs, 
that  to  touch  being  perfect.  Hence  we  inferred  that  the  destruction  of  the  cord  was  incom- 
plete. This  loss  extended  a^  high  as  the  epigastrium — evidence  of  some  damage  to  the  cord 
as  high  as  the  origin  of  the  eighth  dorsal  nerves.  This  was  corroborated  by  the  condition 
of  the  superficial  reflexes  of  the  trunk  ;  the  abdominal  was  lost  on  both  sides;  the  epigastric 
was  lost  on  the  right  side,  but  present  on  the  left,  indicating  clearly  the  highest  level  of 
damage.  .  .  .  The  loss  of  the  epigastric  reflex  on  the  right  side  indicated  that  the  damage  to 
the  cord  on  that  side  was  greater  than  on  the  left.  The  subsequent  progress  of  the  case 
showed  the  significance  of  these  indications.  A  month  later  the  epigastric  reflex  returned  on 
the  right  side,  an  indication  of  commencing  recovery  in  the  upper  part  of  the  damaged  region. 
A  few  wreeks  later  fehe  gained  some  power  of  moving  the  left  leg,  but  the  reflex  action 
became  excessive  in  both  legs,  and  the  foot-clonus  could  be  obtained.  Now,  four  months 
after  the  injury,  the  abdominal  reflexes  ate  returning;  a  slight  reflex  can  be  obtained  just 
below  the  groin,  and  above  the  umbilicus;  none  at  or  just  below  the  umbilicus. 

D.  Disturbances  of  the  urinary  organs  and  their  functions,  (i.)  Disturbances  of 
the  kidneys  arid  of  the  process  of  excretion  of  urine. — While  it  has  long  been  recognised 
that  changes  in  the  urine — viz.  alkalinity,  tendency  to  decomposition,  &c. —  are  prone 
to  occur  after  crushings  of  the  cord,  it  is  not  decided  how  far  the  kidneys  and  their 
functions  are  concerned  in  these  changes.  Further  information  is  still  required  on 
this  subject. 

The  attention  of  the  surgeon  has  been  hitherto  chiefly  directed  to  the  condition  of 
the  bladder,  and  the  alterations  in  the  process  of  micturition  consequent  upon 
fracture-dislocation  of  the  spine.  Future  researches  may  perhaps  show  that  these 
injuries  set  up  important  primary  changes  in  the  kidneys  themselves  and  in  their 
function.  That  this  view  is  correct  is  rendered  probable  by  the  cases  already  recorded, 
in  which  the  urine  has  been  noticed  to  be  bloody,  alkaline,  or  muco-puruleut  very 

1  The  Diagnosis  of  the  Diseases  of  the  Spinal  Cord,  2nd  ed.  p.  17. 

2  Loc.  supr.  cit.  p.  75. 

3  Dr.  Gowers  believes  that  this  reflex,  which  may  be  shown  by  scratching  the  skin  in  the 
fifth  and  sixth,  and  sometimes  in  the  fourth  intercostal  space,  depends  upon  contraction  of  the 
highest  fibres  of  the  rectus  abdominis.  It  depends  on  the  spinal  cord  from  the  fourth  to 
the  sixth  or  seventh  pairs  of  dorsal  nerves.  It  is  singularly  uniform  in  its  occurrence,  and  is 
the  highest  reflex  on  the  front  of  the  trunk. — Loc.  supr.  cit.  p.  18. 

4  This  contraction  in  t he  abdominal  muscles,  when  the  skin  is  stroked  on  the  side  of  the 
abdomen,  from  the  edge  of  the  ribs  downwards,  is  produced  in  the  cord  from  the  eighth  to 
the  twelfth  dorsal  nerves. 

5  In  this  the  testicle  is  drawn  up  when  the  skin  on  the  inner  side  of  the  thigh  is  stimu- 
lated.   It  arises  at  the  level  of  the  first  and  second  lumbar  pairs. 

6  Four  months  after  the  injury. 
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early,  before  sufficient  time  has  elapsed  for  changes  in  the  bladder  to  have  taken 
place.  Sir  B.  Brodie  1  stated  long  ago  that  these  appearances  very  commonly  show 
themselves  as  early  as  the  second  or  third  day  after  the  occurrence  of  the  accident. 
More  recently  Prof.  Charcot  2  has  drawn  attention  to  the  same  fact.  He  believes  that 
the  lesions  of  kidney  and  bladder  which  are  noticed  very  soon  after  injuries  to  the  cord 
— i.e.  nephro-cystitis  of  sudden  onset,  and  analogous  to  acute  bedsore3  (vid.  infr.  p. 
656) — are  allied  to  trophic  lesions.  As  it  may  always  be  supposed  that  violence  sufficient 
to  produce  fracture  of  the  spine  may  have  determined  the  lesions  of  kidney  or  bladder, 
Prof.  Charcot  brings  forward  cases  of  incised  wounds  of  the  cord,  from  a  knife-stab,  in 
which  the  urine  became  alkaline  very  early — e.g.  on  the  third  day.  Dr.  Brown 
Sequard 4  has  shown  that  if  the  lumbar  cord  be  punctured  in  guinea-pigs,  effusion 
of  blood  into  the  supra-renal  capsules  follows  sometimes.  Careful  post-mortem 
investigations  with  reference  to  the  condition  of  these  organs  and  of  the  kidneys,  in 
cases  rapidly  fatal  after  injuries  to  the  cord,  are  still  needed,  together  with  careful 
examination  of  the  urine  and  exact  record  of  the  first  onset  of  alkalinity,  blood,  or 
muco-pus.5  The  rapid  development  of  inflammatory  lesions  of  kidneys  and  bladder 
after  wounds  of  the  spinal  cord  Prof.  Charcot  believes  to  be  due  to  direct  action  of  the 
nervous  system,  and,  together  with  other  trophic  lesions  which  often  show  themselves 
at,  the  same  time,  to  originate  in  irritation  of  certain  portions  of  the  spinal  centre, 
more  particularly  of  the  grey  substance.6 

(2)  Disturbances  of  the  process  of  micturition,  changes  in  the  bladder,  and  in  the 
characters  of  the  urine. — The  act  of  micturition  is  normally  a  reflex  one  under  the 
influence  of  the  brain.  Thus,  distension  of  the  bladder  causes  increasing  irritation  of 
its  walls.  This  sensory  impression  conveyed  to  the  centre  in  the  lumbar  enlargement  7 
of  the  cord  is  thence  reflected  as  a. motor  impulse  to  the  bladder,  and  especially  to 
the  detrusor  urinse  ;  the  tendency  to  contraction  in  this  muscle  being  perhaps  checked 
by  the  above  sensory  impression  travelling  upwards  to  the  brain,  whence  a  voluntary 
firmer  contraction  of  the  sphincter  is  conveyed  downwards.  As  the  sensory  irritation 
arising  from  the  distension  of  the  bladder  increases,  more  powerful  contractions  of 
the  detrusor  occur,  and  at  length  the  sphincter  is  overpowered  or  voluntarily  relaxed, 
and  evacuation  takes  place,  aided,  if  need  be,  by  contraction  of  the  abdominal  muscles. 
The  sensory  and  motor  paths  travelling  between  the  bladder  and  the  centre  in  the 
lumbar  enlargement  run  in  the  third  and  fourth  sacral  nerves,  especially  in  the  latter. 
The  course  of  the  paths  from  the  lumbar  centre  to  the  brain,  by  which  consciousness 
and  the  will  take  a  share  in  micturition,  is  not  as  yet  determined.8 

1  Med.-Chir.  Trans,  vol.  xx.  p.  143. 

2  '  Dis.  of  the  Nerv.  Syst./  Syd.  Soc.  Trans,  vol.  i.  p.  106. 

3  Ollivier  (Traite  des  Malad.  de  la  Moelle  epin.  t.  ii.  p.  37)  remarks  that  in  traumatic  para- 
plegia, when  the  urine  alters  at  an  early  period,  bed-sores  are  wont  to  form  rapidly  in  the 
lumbar  region. 

4  '  Influence  d'une  partie  de  la  Moelle  epiniere  sur  les  Capsules  surre'nales,'  Comjrtes  rendus 
de  la  Societe  de  Bioloyie,  1851,  t.  iii.  p.  146. 

5  Mr.  Hilton  long  ago  showed  that  the  urine  in  cases  of  fractured  spine  is,  after  a  while, 
alkaline  when  first  excreted  by  the  kidneys.  In  one  of  his  Clinical  Lectures  {Guy's  Hasp. 
Repts.  1805,  p.  370)  will  be  found  the  following :  '  Having  previously  let  all  the  blood  drain 
away  from  the  open  vessels  of  the  kidney,  I  cut  across  the  urinferous  tubules  in  the  cones,  so 
as  to  avoid  all  fallacy  from  the  retrograde  passage  of  urine  through  the  ureters ;  and  then, 
upon  applying  the  test-paper  to  the  cut  surface,  and  squeezing  out  the  contained  excretion,  I 
obtained  a  distinct  alkaline  reaction.'  Investigations  of  a  like  nature  are  required  in  cases  in 
which  early  alkalinity  of  the  urine  has  been  noticed. 

6  Rayer  (  Traite  des  Maladies  des  Reins,  t.  i.  p.  530,  et  seq.)  considers  that  the  alkalinity  of 
the  urine  in  the  bladder  is  not  due  to  decomposition,  which  could  scarcely  exist  without 
atmospheric  contact  and  in  so  short  a  time,  hut  to  a  '  disturbance  of  renal  secretion  which 
should  be  attributed,  in  most  ca^es,  to  an  inflammatory  irritation  of  these  organs.' 

1  This  centre  is  probably  a  double  one,  the  contraction  of  the  sphincter  being  presided 
over  by  one  centre  and  that  of  the  detrusor  by  the  other.  The  reader  is  referred  for  further 
information  on  this  subject  to  Dr.  Gowers'  Dis.  of  the  Spin.  Cord,  2nd  ed.  p.  42  fio-.  13  ■ 
Prof.  Erb,  lor.  supr.  cit.  pp.  54,  131 ,  et  seq.  While  these  sheets  are  passing  throuo-li  the 
press  Dr.  Byron  Bramwell  has  just  published  {Dis.  of  the  Spiv.  Cord,  p.  125)  a  most  careful 
differentiation  of  the  various  forms  of  incontinence  and  retention  of  urine  which  result  from 
lesions  of  the  nervous  system. 

s  Probably  in  the  lateral  columns. 
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After  severe  crushes  or  lacerations  of  the  cord  complete  retention  is  usually  met 
with  at  once,  being  due  to  concussion  of  the  entire  cord  and  to  paralysis  of  the  reflex 
centres.  This  paralysis  and  retention  lasts  only  for  a  time,  and  the  different  varia- 
tions from  the  normal  process  of  micturition  which  follow  will  depend  on  the  site  of 
lesion  in  the  cord,  whether  it  be  situated  (a)  above  the  lumbar  centre,  and  so  interfere 
with  the  paths  between  this  centre  and  the  brain  ;  in  the  lumbar  centre  itself; 
or  (y)  below  the  lumbar  centre  so  as  to  damage  its  communication  with  the  bladder. 

(«)  Interference  with  the  paths  between  the  lumbar  centre  and  the  brain. — When 
both  motor  and  sensory  paths  between  the  above  centre  and  the  brain  are  crushed,  as 
in  severe  fracture-dislocation  of  the  cervical  or  dorsal  spine,  as  soon  as  the  reflex 
centres  have  recovered  from  their  state  of  concussion  the  periodical  reflex  discharges 
of  urine  will  for  a  time  take  place  (if  the  lumbar  cord  be  undamaged)  without  the 
patient  being  able  to  influence  them,  or  without  his  being  aware  of  them. 

If  only  the  motor  tracts  should  be  interfered  with  (as  would  be  possible  oy 
partial  displacement  of  the  bones  and  slight  encroachment  on  and  injury  to  the  cord), 
the  patient  will  not  be  able  to  arrest,  by  contracting  his  sphincter,  a  threatening 
evacuation,  nor  will  he  be  able  to  empty  his  bladder  voluntarily,  but  he  will  be 
aware  of  the  inclination  to  micturate. 

If  the  sensory  tracts  are  alone  interfered  with  (very  rarely  met  with  by  the 
surgeon)  the  patient  will  feel  nothing  of  the  discharge  of  urine  which  takes  place 
from  time  to  time,  and  so  make  no  attempt  to  prevent  them. 

(/3)  Interference  with  the  centre  itself  in  the  lumbar  enlargement  of  the  cord. — If 
this  centre  is  destroyed  by  a  crush  of  the  cord  in  the  lumbar  region,  the  patient  will 
suffer  at  first  from  retention  of  urine  followed  by  incontinence.  As  the  cavity  of  the 
bladder  gradually  contracts  and  its  walls  become  thickened,  the  dimensions  of  this 
viscus  are  steadily  growing  less  and  incontinence  pari  passu  becomes  more  absolute. 
The  power  of  normal  micturition  is  never  regained. 

(y)  Interference  with  the  motor  and  sensory  tracts  between  the  bladder  and  the 
lumbar  reflex  centre. — If  these  are  both  injured,  as  by  fracture  of  the  lower  lumbar 
spine,  causing  severe  injury  to  the  Cauda  equina,  the  reflex  action  necessary  for  the 
evacuation  of  urine  will  be  as  certainly  struck  out  as  in  the  preceding  case ;  and  as 
communication  with  the  brain  is  also  cut  off,  similar  incontinence  will  follow.  It  is 
hardly  likely  in  fractures  so  low  down  that  the  surgeons  will  meet  with  separate 
lesions  of  the  motor  and  sensory  tracts  which  run  between  the  bladder  and  lumbar 
reflex  centre.  He  now  has  to  deal  not  with  a  spinal  cord  with  separate  columns,  but 
with  nerve-trunks  in  which  motor  and  sensory  fibres  run  together. 

It  will  be  noticed  that  in  the  two  latter  lesions,  (/3)  and  (y),  when  the  sphincter 
and  detrusor  centres  have  been  destroyed,  or  when  the  communication  between  them 
and  the  bladder  has  been  cut  off,  the  incontinence  will  be  far  more  absolute  than  in 
(a),  when  the  centres  and  the  reflex  circle  are  uninjured.  In  this  case,  if  the  bladder 
remains  in  a  healthy  condition,  a  certain  amount  of  collection  of  urine  is  allowed, 
followed  by  involuntary  evacuation.  After  a  while,  the  patient,  guided  by  peculiar 
indefinite  sensations  of  unease,  heat,  &c.  (p.  664),  and  by  a  knowledge  of  the  amount 
of  distension  of  which  his  bladder  is  capable,  becomes  able  to  diminish  the  discomfort 
of  involuntary  evacuation  by  making  pressure,  at  definite  intervals,  with  his  hands  in 
the  hypogastric  region,  aided,  in  certain  cases,  by  contraction  of  his  abdominal 
muscles.  But,  in  the  other  cases,  the  absoluteness  of  the  incontinence  is  shown  bf 
constant  dribbling  away  of  urine,  increased  sometimes  by  any  such  action  as  cough- 
ing, Arc.  Even  in  these  cases  a  certain  amount  of  urine  is  allowed  to  collect  in  the 
bladder  mechanically  owing  to  the  position  of  the  patient,  and  the  elastic  curves  of 
the  urethra. 

Pari  passu  with  the  above  disturbances  in  the  act  of  micturition,  changes  in  the 
urine  and  morbid  lesions  in  the  urinary  tract  are  met  with. 

Changes  in  the  urine. — A  few  days  after  the  accident,  varying  from  the  second  to 
the  ninth  (vide  infra,),  the  urine,  till  now  acid  and  clear,  is  noticed  to  be  alkaline, 
turbid,  and  perhaps  mixed  with  blood,  the  change  being  made  known  by  the  pungent 
ammoniacal  smell.    Occasionally,  in  severe  and  acute  cases,  haumituria  precedes  other 
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changes  in  the  urine.  Owing  to  the  increasing  addition  of  mucus  from  the  coexist- 
ing cystitis  the  urine  becomes  increasingly  tenacious  and  ropy,  so  as  to  adhere  to  the 
bottom  of  the  utensil,  which  is  also  coated  with  mortar-like  streaks  of  lime  phosphate 
and  carbonate.  There  are  probably  two  causes  at  work  to  account  for  the  above 
changes  in  the  urine — («)  the  retention  in  the  bladder  of  a  varying  amount  of  urine, 
which  is  subjected  to  chemical  changes  ;  and  (/3)  ulcerations  in  the  mucous  membrane 
of  the  bladder,  by  which  its  vitality  is  affected,  and  the  normal  relation  between  it 
and  the  urine  disturbed.  The  former  (a)  is  at  the  root  of  many  of  the  forms  of 
cystitis  due  to  retention.  In  all,  the  changes  are  brought  about  by  the  mucus  which 
should  have  escaped  in  micturition  setting  up,  by  its  action  as  a  ferment,  decomposi- 
tion in  the  urea.  Thus  this  substance  (CH4~N"20)  is  by  a  kind  of  catalysis  converted 
into  ammonium-carbonate,  a  salt  well  known  for  its  instability  and  tendency  to  give 
off  ammonia.  This  latter  is  partly  set  free,  and  partly  helps  to  form  the  ammonio- 
magnesian  phosphate,  while  other  molecules  of  the  ammonium-carbonate  by  a  double 
decomposition  convert  the  lime  phosphate  into  carbonate  of  lime.  The  urine,  thus 
rendered  ammoniacal,  in  its  turn  irritates  the  bladder,  and,  helping  to  bring  about 
the  production  of  an  excess  of  mucus,  keeps  up  the  pernicious  cycle.  This  decompo- 
sition of  urea,  common  as  it  is  to  all  forms  of  retention,  will  account  for  those 
changes  in  the  urine  which  come  on  some  time  after  a  fracture  of  the  spine,  where 
there  has  been  sufficient  time  for  decomposition  of  retained  mucus  and  of  the  urine 
to  take  place — e.g.  about  the  end  of  the  first  week  after  the  accident.  But  in  other 
cases,  where  the  bloody  and  am  inoniacal  mine  have  been  noticed  as  early  as  the  second 
or  third  day,  retention  of  urine  as  a  cause  must  be  put  aside,  and  we  must  seek  for  an 
explanation  in  a  direct  influence  of  the  lesion  of  the  cord.  Whether  this  influence  is 
chiefly  exerted  on  the  kidneys  or  the  bladder  in  bringing  about  the  changes  in  the 
urine  is  as  yet  unknown.  Whether  it  brings  about  its  result  by  altering  the  nutri- 
tion of  the  above  viscera,  or  by  setting  up  a  low  inflammatory  irritation  in  them,  is 
equally  uncertain.  Evidence  of  a  direct  and  early  influence  of  the  lesion  of  the  cord 
over  the  urinary  organs  and  their  functions  has  been  already  given  (p.  646). 

Whether  the  cystitis  appear  early  or  later  on,  it  is  often  very  acute  in  these  cases 
where  paralysis  of  the  bladder  and  the  use  of  the  catheter  coexist.  If  ulceration  of 
the  bladder  or  false  passages  have  occurred,  pericystitis  and  even  sloughing  of  the 
sub-peritoneal  cellular  tissue  may  be  expected.  In  other  cases  less  acute,  but 
not  amenable  to  treatment,  thickening  and  vascular  dilatation  of  the  ureters,  to- 
gether with  suppurative  nephritis,  are  only  too  common.  The  great  importance  of 
these  in  fracture-dislocations  of  the  lumbar  and  dorso-lumbar  spine  is  alluded  to  below 
(p.  659). 

E.  Disturbances  of  the  sexual  organs. — A  very  common  and  well-known  conse- 
quence of  crushes  of  the  spinal  cord  is  that  condition  of  the  penis  known  as  '  pria- 
pism.' Normally  erection  of  this  organ  is  to  be  looked  upon  as  an  act  of  inhibition, 
conveyed  from  a  centre  situated  in  the  lumbar  enlargement  along  the  nerves  of  the 
sacral  plexus  ('  Nervi  erigentes '  of  Eckhardt)  to  the  vasomotor  nerves  distributed 
upon  the  vascular  system  of  the  penis,  which  causes  relaxation  of  the  vessels  and  an 
influx  of  blood  into  the  corpora  cavernosa.  This  inhibition  may  be  brought  about  by 
an  irritation  conveyed  from  below — i.e.  the  periphery — along  the  sacral  nerves  to  the 
centre,  or  from  above — i.e.  from  the  cerebral  centres.  Furthermore  the  reflex  act 
which  constitutes  erection  may  be  inhibited  from  the  same  cerebral  centres.  Thus, 
if  the  nerve-tracts  descending  from  the  controlling  cerebral  centres  are  interrupted, 
the  recurrence  of  priapism  is  readily  explained.  The  early  appearance  of  this  symptom 
as  soon  as  the  primary  effects  of  the  concussion  have  passed  away,  its  frequency  in 
injuries  of  the  cervical  and  upper  dorsal  cord  owing  to  the  severance  of  the  nerve- 
tracts  descending  from  the  controlling  cerebral  centres  above  to  the  reflex  genital 
centre  below,  are  thus  made  fully  intelligible.  Priapism  will  be  absent  in  fractures 
of  the  lumbar  region  where  the  reflex  centre  has  been  crushed,  or  in  severe  injuries 
of  the  cauda  equina  damaging  the  nerves  in  which  run  both  the  sensory  irritation  and 
the  inhibiting  influence  between  the  lumbar  centre  and  the  periphery.  Priapism,  as 
has  been  above  stated,  is  most  common  after  crushes  of  the  cervical  and  upper 
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dorsal  1  cord,  it  is  never  met  with  after  injuries  to  the  lower  lumbar  cord.  The  ex- 
planation of  these  facts  will  be  readily  gathered  from  the  statements  above  ;  why  this 
symptom  is  not  met  with  in  injuries  of  the  lower  dorsal  region  is  not  so  clear.  Possibly 
the  genital  centre  in  man  is  elongated,  and  not  confined  to  the  lumbar  enlargement. 
Again,  it  is  plain  that  after  crushes  of  the  lower  dorsal  cord  the  lumbar  centre, 
when  it  has  recovered  from  concussion,  will  be  likely  from  its  contiguity  to  be 
reached  early  by  a  descending  traumatic  myelitis. 

The  turgescence  is  usually  passive  and  not  extreme,  the  organ,  though  enlarged, 
remaining  flaccid.  It  varies  at  different  times  in  the  same  patient,  and  may  be 
produced  or  increased  by  reflex  irritation — e.g.  increasing  distension  of  the  bladder, 
introduction  ol  the  catheter,  &c.  It  is  usually  not  felt  at  all  :  much  more  rarely  it 
is  powerful  and  painful.  In  cases  that  recover  it  is  not  a  permanent  condition,  and 
it  nearly  always  disappears  after  death.2 

The  relations  which  priapism  bears  to  fracture- dislocation  of  the  spine  are  at 
least  three  in  number.  Thus,  it  may  be  noticed  directly  after  the  accident,  being  due 
to  the  removal  of  the  influence  of  the  controlling  cerebral  centres  above.  It  may  be 
absent  altogether  in  fracture-dislocation  low  down  from  severe  injury  of  the  reflex 
centre  or  of  the  Nervi  erigentes  running  in  the  sacral  nerves.  Thirdly,  its  appearance 
may  be  deferred  till  a  day  or  two  after  the  accident,  when  its  onset  may  be  perhaps 
explained  by  a  small  extravasation  of  blood  having  taken  place  in  the  grey  matter, 
causing  irritation  of  the  reflex  centre,  or  perhaps  by  extension  of  inflammatory  mis- 
chief which  has  severed  the  connection  between  the  reflex  centre  below  and  the 
controlling  centres  above. 

F.  Disturbances  of  respiration. — These  occur  in  their  most  marked  form  after 
crushing  of  the  cervical  portion  of  the  cord.  As  a  rule,  when  fracture  takes  place 
above  the  fourth  cervical  vertebra,  death  is  instantaneous  (p.  G83).3  In  severe  lesions 
of  the  cord  below  this  point,  as  in  the  common  fracture-dislocation  of  the  fifth  and 
sixth  cervical  vertebrae,  or  of  the  upper  dorsal  vertebra?,  grave  respiratory  troubles 
soon  set  in  and  bring  about  a  fatal  issue.  Where  the  cutting  off  of  the  other 
inspiratory  muscles  has  been  sudden,4  the  diaphragm  is  not,  as  a  rule,  sufficient  to 
keep  up,  by  itself,  for  any  prolonged  period,  the  process  of  respiration.  In  normal 
inspiration,  the  enlargement  of  the  chest  should  take  place  in  several  directions — 
downwards,  from  before  backwards,  and  from  side  to  side,  at  the  same  time  and  in 
co-ordinated  harrnony.  When  all  the  respiratory  muscles,  save  the  diaphragm,  are 
paralysed,  this  harmony  is  absent,  and  the  paralysis  of  the  chest  walls  is  not  only 
passively  but  actively  pernicious.  Thus,  as  the  diaphragm  sinks  in  inspiration,  the 
chest  walls,  now  passive,  and  no  longer  expanding  in  the  other  diameters,  tend  to 
fall  in,  partly  from  the  drag  of  the  diaphragm  upon  them,  and  partly  from  the 
natural  tendency  to  prevent  the  vacuum  which  is  now  forming  in  the  chest.  In 
expiration,  on  the  other  hand,  when  the  now  relaxed  diaphragm  is  driven  up  by  the 

1  'I  am  not  aware  that  I  have  met  with  it  where  the  seat  of  ihe  injury  has  been  below 
the  sixth  dorsal  vertebra.' — Sir  B.  Brodie,  Med.-Ch.ir.  Trans,  vol.  xx.  p.  140.  This  subject  is 
alluded  to  again  below  (p.  659). 

2  Prof.  Rosenthal  (Clin.  Treat,  on  Din.  of  the  Nero.  Syst.  [Am.  tr.]  vol.  i.  p.  222)  men- 
tions a  case  in  which  priapism,  having  lasted  seven  days  during  life,  was  found  to  be  present 
at  the  autopsy  thirty-six  hours  alter  death.  This  may  very  probably  have  been  one  ol  the 
rarer  cases  in  which  the  condition  was  extreme  and  extravasation  had  taken  place  into  the 
tissue  of  the  organ. 

3  The  phrenic  receives  its  roots  from  the  loop  between  the  third  and  fourth,  from  the 
fourth,  and  usually  from  the  junction  of  the  fifth  and  sixth  cervical  nerves,  together  witli  a 
filament  from  the  sympathetic.  Of  these  the  root  from  the  fourth  cervical  is  the  most  impor- 
tant, and  it  is  to  be  remembered  that  this  nerve  comes  out  above  the  fourth  cervical  vertebra, 
and  that  thus,  if  there  be  a  fracture  of  the  fourth  cervical  vertebra  and  a  crushing  of  the 
cord  at  a  level  with  this  spot,  Ihe  fourth  cervical  nerve  may  escape  and  death  he  for  a  while 
deferred,  diaphragmatic  breathing  prolonging  life  for  a  while,  till  stopped  by  the  ascent  of 
a  traumatic  myelitis.  A  few  cases,  entirely  exceptional,  where  lite  has  been  prolonged  after 
fractures  of  the  spine  above  the  fourth  cervical  vertebra,  are  alluded  to  lelow  (p.  683). 

4  Mr.  Savory  (St.  Barth.  Hosp.  Septs,  vol.  v.  p.  62)  has  recoided  a  case  which  shows 
strikingly  how  much  the  result  is  influenced  when  the  whole  work  of  respiration  is  thrown, 
not  suddenly,  but  gradually,  upon  the  diaphragm. 
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return  of  the  displaced  abdominal  viscera,  the  chest  walls,  now  paralysed,  are  driven 
upwards  also.  Thus  inspiration  and  expiration  are  alike  interfered  with  and  im- 
perfectly performed.  The  action  of  the  diaphragm  is  further  hampered  by  the  collec- 
tion of  mucus  which  in  many  middle-aged  patients  with  chronic  bronchitis  is 
present  from  the  first,  and  which  in  younger  ones  only  too  quickly  follows  from  the 
increasing  congestion  of  the  bronchi  and  pulmonary  capillaries. 

Where  diaphragmatic  breathing  is  alone  carrying  on  life,  the  aspect  of  the  patient 
becomes  most  painful.  Though  at  first  the  patient  be  quite  unconscious  of  his 
danger,  and  talk  readily  and  with  a  natural  voice,  before  long  the  almost  utter 
powerlessness,  the  increasing  anxiety  and  distress,  the  evident  intentness  on  breathing, 
and  consequent  unwillingness  to  talk  or  be  disturbed  in  any  way,  the  deepening 
lividity  with  terrible  attacks  of  dyspnoea,  while  consciousness  is  prolonged  almost  to 
the  last, —  all  these  form  a  scene  which  is  the  more  distressing  from  the  inability  of 
the  surgeon  to  give  relief. 

In  fractures  of  the  lower  dorsal  region  dyspnoea  is  also  present,  but  in  a  different 
way.  It  occurs  in  these  cases  later  on, .less  acutely,  and  is  less  immediately  a  cause  of 
death.  It  is  here  dependent  directly  on  two  causes — firstly,  that  the  action  of  the 
abdominal  muscles  which  is  essential  for  complete  expiration,  coughing,  Arc,  is  now 
absent ;  and  secondly,  because  the  paralysed  abdominal  walls  no  longer  give  the 
natural  support  and  compression  to  the  stomach  and  intestines,  these  becoming  tym- 
panitic and  much  distended,  and  thus  mechanically  interfering  with  the  action  of  the 
diaphragm.  The  inability  to  cough  will  of  course  be  especially  felt  in  patients  at  all 
advanced  in  life,  whose  respiration  is  impaired  by  chronic  bronchitis,  or  by  their 
rib  cartilages  being  calcified,  and  so  deficient  in  elasticity. 

Later  on,  an  ascending  myelitis  may  occasionally  produce  a  fatal  dyspnoea,  at  a 
period  when  this  danger  appears  to  have  passed  away. 

G.  Disturbances  of  the  alimentary  canal. —  Those  most  important  to  the  surgeon 
are  vomiting,  tympanitis,  to  which  allusion  has  been  made  already,  and  retention 
and  incontinence  of  faeces.  A  persistent  disposition  to  vomit  is  frequently  observed 
tfarly  after  injuries  to  the  cervical  spine.  In  some  cases  it  is  obvious  that  the  injury 
may  have  affected  the  medulla  oblongata  and  its  reflex  centres.  In  others,  where 
the  injury  is  lower  down — e.g.  in  the  lower  cervical  or  upper  dorsal  region — the  vomit- 
ing may  be  explained  on  the  supposition  of  Golz,  that  certain  reflex  centres  influenc- 
ing the  movements  of  the  digestive  tract  exist  in  the  grey  matter,  along  the  cord, 
and  that  irritation  of  these  has  followed  from  the  injury.  In  other  and  much 
rarer  cases,  vomiting,  hiccough,  and  dysphagia  may  be  explained  by  the  existence  of 
a  bdateral  dislocation  displacing  the  pharynx  or  oesophagus.1 

The  origin  of  the  spinal  accessory  from  the  cervical  cord  as  low  down  as  the 
sixth  cervical  vertebra,  and  the  intimate  communication  between  this  nerve  and  the 
Vagus,  may  afford  another  explanation  of  the  vomiting  which  has  been  noticed  to 
come  on  early  and  to  persist  after  injuries  to  the  cervical  spine.  Mr.  Erichsen 
('Concussion  of  the  Spine.'  p.  216)  records  the  case  of  a  man,  a?t.  27,  who, 
-after  a  blow  on  the  cervical  spine,  received  in  a  railway  collision,  continued  to  vomit 
several  times  daily  for  many  months.  In  this  patient  the  pulse  was  slow,  the 
breathing  shallow,  panting,  and  oppressed  with  a  sense  of  suffocation.  This  feeling 
of  suffocation  was  noticed  at  the  moment  of  receiving  the  blow,  and  immediately 
followed  by  severe  pain  shooting  down  to  the  region  of  the  heart,  and  by  an  attack 
•of  vomiting. 

The  occurrence  of  a  tympanitic  condition  of  the  stomach  and  intestines  after 
injury  to  the  dorsal  spine,  and  its  importance,  have  already  been  explained. 

With  reference  to  the  retention  and  incontinence  of  fseces,  the  explanation  of 
these  is  rendered  complex  from  the  fact  that  there  are  many  points  in  the  nervous 
tract  in  which  these  disturbances  may  arise.    Just  as  was  the  case  with  the  disturb- 

1  As  in  the  case  of  bilateral  dislocation  of  the  fifth  cervical  vertebra,  recorded  by  Prof. 
Hamilton  {Trent,  on  Fract.  and  Disl.  p.  550),  where  attempts  to  take  solid  food  were, 
from  the  first,  followed  by  violent  paroxysms  of  coughing  and  chokiag. 
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ances  of  micturition,  we  have  here  a  reflex  centre  in  the  lumbar  enlargement, 
peripheral  motor  and  sensory  nerves,  running  in  the  sacral  and  sympathetic  nerves 
between  the  sphincter  below  and  this  centre  above,  and  again  certain  tracts  (the 
existence  of  which  is  only  inferential,  their  position  not  being  known),  between  this 
centre  and  the  brain  above,  along  which  sensory  impressions  and  inhibitory  or  motor 
stimuli  travel.  Normally,  when  fasces  enter  the  rectum,  reflex  peristaltic  action  is 
set  up,  and,  the  faeces  making  pressure  on  the  sphincters,  these  are  thrown  into  a 
more  firmly  tonic  state  of  contraction  ;  at  the  same  time  the  sensory  impression  of 
the  presence  of  the  faeces,  and  an  impending  evacuation,  is  conveyed  to  the  brain,  and 
the  sphincter  is  either  voluntarily  relaxed,  or,  by  aid  of  the  will,  more  firmly 
contracted. 

1.  If,  as  in  lesions  of  the  cervical  or  dorsal  cord,  the  severance  or  crushing  of  the 
paths  between  the  lumbar  centre  and  the  brain  be  complete,  the  above-mentioned 
reflex  mechanism  will  cause  periodical  discharge  of  faeces  without  the  patient  being 
able  to  prevent  or  aid  this  discharge,  or  without  his  being  aware  of  it.  There  is  this 
difference  between  the  evacuation  of  the  rectum  and  the  bladder,  that  the  passage  of 
faeces  into  the  former  is  not  so  continuous  as  that  of  urine  into  the  latter.  If  the 
motor  or  inhibitory  tract  only  be  injured  (by  partial  displacement  and  crushing),  the 
patient,  while  he  is  aware  of  the  evacuation,  will  be  unable  to  influence  it  voluntarily. 
On  the  other  hand,  if  the  damage  have  involved  the  sensory  tract,  the  patient  will 
be  unaware  of  the  impending  action,  and  will  thus  be  equally  unable  to  influence  it 
by  any  action  of  his  will. 

2,  3.  If  by  an  injury  of  the  lumbar  cord  itself  the  reflex  centre  is  destroyed,  or 
if  the  crushing  of  the  cauda  equina  be  complete  so  as  to  destroy  the  tracts  between 
the  lumbar  reflex  centre  and  the  rectum — in  either  case  the  reflex  act  influencing 
defaecation  will  be  annihilated  and  incontinence  will  follow  ;  but,  for  the  reason 
given  above,  the  escape  of  faeces,  unless  diarrhoea  be  present,  will  not  be  continuous. 
Writers  usually  speak  of  incontinence  of  faeces  as  a  sequence  of  fractured  spine  ;  but 
the  gravity  of  this  symptom  will  depend  on  the  position  of  the  fracture,  the  state  of 
the  intestinal  contents,  and  the  amount  of  expelling  force  left  in  the  intestines  and 
abdominal  walls.  As  a,  rule,  immediately  after  the  accident,  wherever  the  fracture 
is  situated,  owing  to  the  effects  of  concussion,  there  is  retention  of  faeces  if  the  rectum 
be  empty  at  the  time  of  the  injury.  This  retention  lasts  for  a  few  days,  and  may  or 
may  not  be  followed  by  incontinence.  Thus,  if  the  bowels  be  loose,  or  if  the  fracture 
be  low  down  in  the  dorsal  region,  as  soon  as  faeces  enter  the  rectum  they  will  be 
expelled  by  reflex  mechanism,  this  being  aided  by  expulsive  power  above.  If  the 
fracture  is  higher  up,  paralytic  constipation  will  be  present,  unless  diarrhoea  be 
present.  But,  as  a  rule,  the  intestines  themselves  rarely  lose  their  reflex  irritability 
and  peristaltic  power  entirely,  preserving  them  even  when  reflex  irritability  is  lost  in 
what  are  called  the  proper  spinal  nerves.  This  probably  may  be  explained  by  the 
view  of  Golz  that  numerous  centres  for  the  different  segments  of  intestine  reside  in 
the  grey  matter  of  the  cord.  Voluntary  control  over  the  sphincter  will  always  be 
lost  wherever  the  fracture  is  situated ;  why  incontinence  is  not  so  marked  as  in  the 
case  of  the  bladder  has  already  been  explained. 

It  will  thus  be  seen  that  the  term  '  incontinence  of  faeces '  is  not  to  be  loosely 
used  in  cases  of  fractured  spine.  Where  the  iujury  to  the  cord  is  above  the  lumbar 
region,  the  lumbar  centre  may,  unless  affected  by  subsequent  myelitis,  remain  wholly 
efficient,  and  the  action  of  the  sphincter  will  be  only  overcome  at  intervals  1  by  the 
vis-a-teiyo  of  accumulated  faecal  masses,  or  by  a  loose  condition  of  the  motions.  It  is 
only  when  the  action  of  the  lumbar  centre  has  become  affected  by  the  injury  taking 
place  very  low  down,  by  the  advance  of  subsequent  inflammation  to  the  segment  of 
the  cord  in  which  the  centre  is  situated,  or  perhaps  by  functional  exhaustion  of  this 
segment,  that  incontinence  will  take  place.  And  even  now,  though  all  control  of 
the  reflex  centre  as  well  as  that  of  the  will  are  removed,  the  degree  of  this  incontin- 
ence will  be  somewhat  affected  by  the  condition  of  the  faeces  and  the  rate  at  which 
they  enter  the  rectum. 

1  Further  information  will  be  found  in  the  case  of  recovery  after  fracture  of  the  dorsal 
spine,  p.  6G4. 
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Dr.  Growers  1  has  pointed  out  how  the  above  conditions  may  be  distinguished. 
'  It  is  often  said  that  there  is  permanent  relaxation  of  the  sphincters  j  but  this  is 
true  only  when  the  lumbar  centres  are  inactive  or  destroyed.  In  this  condition 
evacuation  occurs  as  soon  as  fseces  or  urine  enter  the  bowel  or  rectum.  The  urine 
escapes  continuously,  instead  of  being  expelled  at  intervals.  We  may,  however, 
distinguish  between  the  two  states  of  the  rectum  by  the  introduction  of  the  finger. 
If  the  lumbar  centre  is  inactive  there  is  a  momentary  contraction,  due  to  local 
stimulation  of  the  sphincter,  and  then  permanent  relaxation.  If,  however,  the  reflex 
centre  and  motor  nerves  from  it  are  intact,  the  introduction  of  the  finger  is  followed, 
first,  by  relaxation,  and  then  by  gentle,  firm,  tonic  contraction.' 

H.  Disturbances  of  the  circulation. — The  most  important  of  these  are  the  effects 
of  traumatic  lesions  of  the  cord  (a)  upon  the  heart  itself ;  and  on  the  general 
circulation  by  damage  to  the  sympathetic. 

(a)  It  is  only  when  the  injury  is  in  the  cervical  region  that  the  heart's  action 
is  altered.  In  these  cases — e.g.  fracture-dislocation  of  the  fifth  or  sixth  cervical 
vertebrse — when  the  effects  of  the  shock  have  passed  away,  there  being  no  cerebral 
lesion  present,  the  pulse  is  noticed  to  be  diminished  in  frequency,  deliberate  and  full. 

Mr.  Hutchinson  2  records  a  case  of  fracture  of  the  fifth  cervical  vertebra,  where 
the  pulse  was  only  forty- eight ;  Gurlt  3  refers  to  two  cases  of  similar  nature  where 
the  pulse  fell  to  thirty-six  and  twenty. 

Mr.  Hutchinson  4  states  that,  owing  to  the  paralysis  of  the  artery,  the  pulse  is 
also  remarkably  full  and  large.  He  further  adds  that,  although  the  pulse  after 
injuries  to  the  cervical  cord  becomes  slow,  it  does  not  intermit,  as  is  the  case  after 
injuries  to  the  brain,  especially  if  the  patient  is  a  child. 

From  the  usually  fatal  nature  of  fracture-dislocations  in  the  cervical  region,  and 
the  insufficient  number  of  accurate  observations,  the  question  how  long  this  condition 
of  pulse  lasts  must  remain  unanswered.5 

An  anatomical  explanation  of  this  alteration  of  the  pulse  in  injuries  to  the  cer- 
vical cord  may  I  think  be  found  in  the  origin  of  the  spinal  accessory  from  this  region 
as  low  down  as  the  sixth  or  seventh  cervical  nerves,  probably  from  the  anterior 
cornua,  and  the  intimate  connection  of  this  nerve  with  the  vagus. 

At  a  later  stage  after  lesions  of  the  cervical  and  upper  dorsal  cord  other  obvious 
alterations  of  the  pulse  may  arise  from  the  congestion  of  the  lungs  and  from  the 
exhaustion  which  follows  cystitis  and  bed-sores. 

,(j8)  Other  causes  of  the  disturbance  in  the  circulation,  in  addition  to  those 
resulting  from  alteration  in  the  heart's  action,  are  shown  in  the  modifications  of 
temperature  and  colour  in  the  paralysed  parts.  These  effects  of  the  vaso-motor 
paralysis,  which  is  one  of  the  early  results  of  the  lesion,  will  be  alluded  to  below. 

I.  Results  of  lesions  of  the  sympathetic. — These  are  seen  (a)  in  alterations  of 
temperature,       in  disturbances  of  vision. 

Alterations  of  temperature. — The  uncertainty  which  still  hangs  over  this  question 
is  shown  by  the  fact  that  after  crushes  of  the  cervical  cord  the  temperature  may  at 
first  rise,  and  then  soon  fall :  it  may  rise  till  it  reaches  an  enormous  height,  or  it 
may  remain  low  from  the  beginning.    In  any  attempt  to  explain  the  above  we  are 

1  Zoo.  sup.  ci.  p.  43.  -  Lond.  Hasp.  Reps.  vol.  iii.  p.  366. 

3  Ilandb.  de  Lehre  von  den  Knockenbiichen,  2nd  Theil,  1st  Lief. 

4  Loc.  sup.  cit. 

5  Prof.  Charcot  (loc.  sup.  cit.  p.  117)  states  that,  as  a  rule,  slowness  of  the  pulse  in 
fracture-dislocations  of  the  cervical  region  is  an  essentially  transitory  phenomenon,  and  soon 
gives  place  to  very  marked  acceleration,  which  is  almost  always  of  bad  omen.  He  considers 
that  the  cause  of  the  alteration  in  frequency  is  to  he  sought  for  in  the  upper  part  of  the 
spinal  cord,  or  in  the  medulla  oblongata.  In  support  of  this  view  he  quotes  a  case  published 
by  Dr.  Holherton  {Med.-Chir.  Trans,  vol.  xxiv.  p.  76),  where,  a  little  more  than  two  years 
after  a  severe  injury  to  the  neck  received  in  a  fall  from  horseback,  fits  of  syncope  followed. 
In  the  intervals  between  these  fits  the  pulse  was  usually  slow — e.g.  33  in  the  minute. 
During  the  fits  themselves  it  became  slower,  varying  from  25  to  7.  At  the  post-mortem 
examination  anchylosis  of  the  occiput  and  atlas  was  found,  with  extreme  narrowing  of  the 
foramen  magnum,  and  great  thickening  of  the  contiguous  dura  mater  and  ligaments.  The 
medulla  oblongata  was  small  and  extremely  firm. 
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met  with  difficulties  arising  from  the  uncertainty  as  to  the  existence  of  any  centre 
which  presides  over  the  production  of  heat,  and  the  connection  between  the  produc- 
tion of  excessive  temperature  and  vaso-motor  paralysis. 

Thus,  granting  that  paralysis  of  certain  sites  or  tracts  which  serve  to  produce  or 
to  restrict  the  production  of  heat — e.g.  a  centre  or  centres  in  the  grey  matter  of  the 
cervical  cord — may  follow  on  injuries  of  the  cervical  cord,  any  violence  which  causes 
paralysis  of  the  parts  below  this,  will  also  bring  about  extensive  vascular  paralysis 
in  these  parts,  and  so  cause  an  increased  amount  of  heat  to  be  given  off. 

So  too  with  regard  to  the  vaso-motor  paralysis  a  somewhat  similar  uncertainty 
exists  as  to  the  site  of  the  centre  which  is  here  affected.  Does  the  chief  centre  lie  in 
the  medulla  oblongata  or  in  the  lower  cervical  region,  and,  if  so,  is  there  another 
controlling  centre  in  the  brain  itself?  Or,  again,  are  there  numerous  centres  situated 
segmentally  along  the  whole  length  of  the  cord  1 

Having  alluded  to  the  difficulties  which  beset  this  question,  and  which  arise  not 
oidy  from  these  centres  being  hypothetical,  but  also  because  in  recorded  cases  it  has 
not  been  stated  with  sufficient  accuracy  at  what  stage  of  the  case  the  observations  were 
made,  nor  what  was  the  state  of  the  integuments  (as  to  congestion,  colour,  <fcc.)  in  the 
parts  whose  temperature  was  altered,  the  few  facts  which  appear  settled  on  the  basis 
of  sufficiently  accurate  observation  will  now  be  referred  to.  The  commonest  alteration 
of  temperature  after  injuries  of  the  cervical  cord  is  a  rise  of  temperature  in  the  parts 
below  the  injury.  These,  if  not  exposed,1  feel  hot  and  dry,  the  arteries  where  super- 
ficial being  large  and  throbbing.  In  one  of  Mr.  Hutchinson's  cases  after  fracture  of 
the  fourth  dorsal  vertebra,  with  crushing  of  the  cord,  the  temperature  of  the  inner 
ankles  was  101°  on  the  second  day  after  the  injury.  This  rise  of  the  temperature 
may  become  excessive  after  lesions  of  the  cervical  cord.  Thus  Dr.  Weber 2  has 
recorded  cases  where,  after  fracture  of  the  cervical  vertebra?  (third,  fourth,  and  fifth, 
in  the  one  case,  and  third  and  fourth  in  the  other),  with  severe  lesions  of  the  cervical 
cord,  the  temperature  (in  the  axilla)  reached  1110  just  before  death  eight  hours  after 
the  injury ;  while,  in  the  other  case  (taken  in  the  rectum),  immediately  after  death, 
and  nineteen  hours  after  the  accident,  it  was  110°. 

In  these  cases  of  lesion  of  the  cervical  cord  this  high  temperature  would  not 
probably  have  been  of  long  duration,  though  the  fatal  result  in  the  cases  which  have 
been  recorded  renders  this  somewhat  uncertain.  Certainly,  where  recovery  has 
followed  in  cases  of  lesions  lower  down  in  the  cord,  these  symptoms  of  paralytic 
pyrexia  have  in  a  measure  passed  away.  But,  as  elsewhere — e.g.  injury  of  the  ulnar 
nerve — healthy  tissue-change  no  longer  takes  place,3  as  evidenced  by  the  tendency  to 
desquamation  of  the  epidermis,  attacks  of  erythema  and  erysipelas,  and  ulcera- 
tion on  very  slight  pressure.  In  some  other,  fewer  but  well  authenticated,  cases 
there  has  been  excessive  lowering  of  the  temperature  in  connection  with  lesions  of 
the  higher  parts  of  the  spinal  marrow.4  Thus  Mr.  Hutchinson  5  records  a  case  of 
fracture  of  the  fifth  cervical  vertebra,  with  crushing  of  the  cord  at  this  level,  in  a 
man  ast.  28,  where  the  temperature  twenty-four  hours  after  the  accident  was  95°"8 
in  the  rectum,  and  just  before  death  (which  took  place  five  days  after  the  accident) 
95°  both  in  rectum  and  axilla.  It  is  expressly  stated  that  the  patient  was  not 
during  the  greater  part  of  the  time  suffering  in  the  least  from  shock,  and  that 

1  The  slightest  change  in  the  external  condition  causes  great  variation  in  the  tempera- 
ture ;  thus,  in  a  boy  under  Mr.  Hutchinson  (loc.  supr.  cit.  p.  364),  with  fracture  in  the  lumbar 
region,  a  thermometer  placed  in  the  clefts  between  the  toes  registered  78°  one  day  and  100° 
the  next,  four  weeks  after  the  injury. 

2  Clin.  Soc.  Trans,  vol.  i.  p.  163.  Mr.  Churchill  (St.  Thomas's  Hosp.  Septs,  vol.  i.)  has 
published  a  case  of  fracture  of  the  fifth  cervical  vertebra  with  crushing  of  the  cord,  where 
the  thermometer  rose  to  110°.  See  also  Prof.  Wunderlich's  'Med.  Therm.'  Syd.  Soc.  Trans. 
p.  423. 

3  Mr.  Hutchinson  (Lancet,  vol.  i.  1875,  p.  718)  has  suggested  that  the  arterial  coats 
undergo  degeneration.  He  alludes  to  the  temporary  duration  of  priapism  as  a  sign  that  the 
paralytic  pyrexia  is  not  permanent. 

4  As  far  as  I  am  aware,  no  case  has  been  published  of  excessive  lowering  of  temperature 
after  any  injury  below  the  first  dorsal  vertebra. 

5  Lancet,  vol.  i.  1875,  p.  714. 
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though  his  face  was,  with  the  rest  of  his  body,  almost  as  chilly  to  the  hand  as  a 
corpse,  yet  his  lips,  ears,  and  face  were  florid  twenty-four  hours  after  the  accident, 
'of  a  good  rosy  colour'  on  the  third  day,  becoming  blue  only  during  the  last  twenty- 
four  hours  of  life. 

Dr.  Nieden  1  records  a  case  of  fracture-dislocation  of  the  first  dorsal  vertebra,  with 
crushing  of  the  cord  on  this  level,  where  there  was  progressive  lowering  of  the  tem- 
perature and  pulse  during  the  eleven  days  which  intervened  between  the  injury  and 
death  of  the  patient.  Thus  the  temperature  fell  steadily  from  98°-6  on  the  third  day 
to  80°-6  at  the  time  of  death.  In  the  same  interval  the  pulse,  which  on  the  third  day 
was  68,  full  and  strong,  gradually  became  slower  and  less  perceptible,  falling  to 
30  before  death. 

If  the  question  be  asked  with  regard  to  this  apparent  contradiction,  why  in  some 
cases  the  temperature  rises  and  in  other  cases  falls  after  apparently  similar  injuries) 
it  is  best  to  confess  that  at  present  there  is  no  entirely  satisfactory  explanation. 
The  following  hypotheses  have  been  put  forward,  to  account  for  the  cases  where  vaso- 
motor paralysis  has  been  accompanied  with  cold,  not  heat.  Mr.  Hutchinson  suggests 
the  following  :  all  paralysed  parts  tend  from  the  very  first,  with  their  diminished 
functional  activity,  to  develop  less  heat.  Thus,  after  a  crush  of  the  cervical  cord, 
the  paralysed  parts,  which  may  constitute  five-sixths  of  the  whole  body,  act  as  a 
refrigerator  upon  the  blood  circulating  through  them,  and  the  blood  thus  undergoing 
cooling,  not  only  the  parts  affected  but  the  unparalysed  head  and  neck  are  cold. 

To  explain  the  numerous  cases  where,  with  vaso-motor  paralysis,  there  is  high 
not  low  temperature.  Mr.  Hutchinson  assumes  that  while  in  both  cases  the  arteries 
are  paralysed,  in  the  former  the  heart  is  unusually  vigorous,  and  the  additionally  free 
supply  of  blood  not  only  suffices  to  prevent  a  fall  in  heat,  but  actually  creates  a 
balance  on  the  other  side.  Clinical  facts  fit  in  very  well  with  this  explanation ;  as 
the  temperature  never  rises  in  these  cases  —  unless  the  heart's  action  is  vigorous  and 
the  pulse  throbbing.  If,  on  the  other  hand,  the  pulse  is  only  of  moderate  strength, 
the  patient  cools.  '  A  pulse  which  under  ordinary  circumstances  would  have  abun- 
dantly sufficed  to  maintain  the  temperature,  will  not  do  so  when  the  greater  part  of 
the  body  is  paralysed,  and  from  the  cessation  of  functional  activity  is  less  active 
in  changes  which  normally  produce  heat.' 

As  very  similar  injuries — e.g.  crushing  of  the  cord  opposite  the  fifth  cervical 
vertebra — have  in  the  one  case  2  produced  lowering  of  the  temperature  to  95°, 
and  in  another  3  raised  it  to  106°,  it  does  not  appear  that  the  locality  of  the  lesion 
can  have  influence  in  raising  or  lowering  the  temperature  of  the  body.  .More  care- 
ful and  accurate  observations  are  required,  not  only  as  to  the  crushing  of  the  cord  at 
the  actual  site  of  the  lesion,  but  also  as  to  the  presence  of  ecchymoses,  or  of 
secondary  inflammatory  changes — e.g.  myelitis  in  the  contiguous  parts  of  the  cord, 
before  an  opinion  can  be  expressed  as  to  the  influence  of  site  or  extent  of  the  lesion 
in  producing  changes  of  temperature.4 

J.  Disturbances  of  vision. — Another  lesion  of  the  sympathetic  closely  connected 
with  vaso-motor  paralysis  is  the  paralysis  of  the  dilating  fibres  of  the  iris.  The  fibres 
(sympathetic)  which  regulate  the  action  of  the  dilating  fibres  of  the  iris  originate  in 
a  centre,  either  in  the  medulla  oblongata  or  in  the  corpora  quadrigemina,  descend 
in  the  cervical  medulla,  and  pass  out  along  the  rami  communicantes  and  roots  of 
the  last  cervical  and  first  dorsal  nerves,  and,  having  joined  the  cervical  sympathetic, 
thus  pass  to  the  eye.  After  crushes  of  the  cervical  cord  these  fibres  are  paralysed, 
and  the,  pupils  are  unable  to  dilate.  As  a  rule  there  is  not  much  contraction,  the 
pupil  is  simply  unable  to  dilate.    The  contraction  being  so  slight,  it  is  best  to 

1  Clin.  Soc.  Trans,  vol.  vi.  p.  75.  2  Hutchinson,  he.  supr.  cit. 

3  Churchill,  he.  supr  cit. 

4  For  further  information  on  this  subject  1  would  refer  the  reader  to  Tscheschechirj 
Deidsch.  Archiv.  fur  Klin.  Med.  18G7,  ii.  6.  p.  588;  CI.  Bernard,  Lecons  sur  In  Phys.  et  la 
Path,  du  Systeme  nerv.  ii.  p.  490 ;  and  Compte  rendu  de  VAcad.  des  Sciences,  xxxiv.  p.  472,  et 
lv.  p.  232:  Symon,  Archio.  fur  Heilkunde,  ii.  p.  547;  Brown-Sequard,  Ki:p.  res.  p.  77; 
Sir  B.  Brodie,  Phil.  Trans.  1811,  p.  48  ;  Prof.  Wunderlich,  Med.  Therm,  loc.  supr.  cit.  and  also 
his  remarks  on  the  '  Influence  of  the  Nervous  System  upon  Temperature,'  at  p.  145. 
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examine  the  eyes  in  shadow,  when  the  pupils  will  be  found  to  remain  of  just 
the  same  size  as  when  exposed  to  the  light.  This  condition  is  of  course  much  more 
marked  when  it  is  unilateral  from  a  lesion  of  one-half  of  the  cervical  cord.  As 
mentioned  elsewhere,  it  occurs  when  the  brachial  plexus  is  torn  through.1 

Those  other  disturbances  of  vision,  whose  insidious  onset  has  been  noticed  to  be 
not  uncommon  after  spinal  concussion  (p.  703),  are  not  met  with  after  these  severer 
forms  of  spinal  lesion.  The  mortality  in  these  cases  must  be  remembered ;  in  the 
few  recorded  cases  of  recovery  no  mention  is  made  of  the  condition  of  the  pupils. 

K.  Disturbances  of  nutrition. — These  are  common  and  various  in  many  spinal 
affections,  but  in  severe  traumatic  lesions  the  one  which  chiefly  concerns  the 
surgeon  is  sloughing  of  the  skin  or  bed-sore,  which  may  destroy  the  life  of  a  patient  by 
exhaustion,  septicaemia,  &c,  even  where  apparently  graver  dangers — e.g.  interference 
with  respiration — have  been  escaped.  Two  forms  of  bed-sore  have  to  be  considered 
according  to  their  onset  :  thus  we  have  an  early  and  a  later  form.  It  is  the 
possibility  of  the  former,  like  the  cystitis  which  occurs  early  after  spinal  lesions,  being 
due  to  a  disturbance  of  nutrition,  that  has  to  be  considered  here. 

Early  bed-sore. — Decubitus  acutus,  ominosus.  Bed-sore  which  occurs  before 
pressure  can  play  any  important  part. 

While  isolated  instances  of  this  have  been  published  some  time  back,  it  is  only 
from  the  writings  of  H.  Samuel2  and  Prof.  Charcot  that  the  existence  of  the 
acute  bed-sore  is  now  recognised.  By  this  term  is  to  be  understood  a  form  of  bed- 
sore which  comes  on  very  early  after  the  injury,  spreads  very  rapidly,  and  occurs  in 
patients  who  nave  recovered  from  the  primary  shock,  and  are  otherwise  progressing 
satisfactorily.  The  term  '  acute '  should  l)e  reserved  for  those  bed-sores  which  make 
their  appearance  within  the  first  few  days — e.g.  between  the  second  and  fourth. 
According  to  Prof.  Charcot 3  they  usually  first  appear  in  the  middle  of  the  sacral 
region  as  erythematous  patches  of  rosy  or  violet  hue.  In  a  few  hours  bulla?  appear, 
and  as  these  dry  and  wither  it  is  noticed  that  in  the  centre  of  the  erythematous 
patch,  which  all  the  time  has  been  extending,  and  which  is  now  accompanied  by 
angry  cellulitis,  mortification  is  taking  place,  and  tending  to  the  production  of  gan- 
grenous sloughs.  The  course  and  danger  of  these  will  be  alluded  to  below  (p.  669). 
In  discussing  the  cause  of  these  acute  bed-sores,  Prof.  Charcot  considers  it  obvious 
that  pressure  cannot  be  of  primary  importance  4  owing  to  the  early  rapid  onset  of 
these  bed-sores  and  their  occurrence  in  cases  where  pressure  has  been  most  carefully 
avoided.  Nor  in  these  cases  can  the  irritating  presence  of  faeces  or  urine  be  con- 
sidered a  cause,  as,  in  spite  of  every  care  to  avoid  any  source  of  irritation  of  the  skin, 
the  bed-sore  appears,  and  follows  the  above  indicated  course.  Other  explanations 
have  therefore  to  be  sought  for.  Amongst  these  there  are  two  which  especially 
deserve  consideration.  One  is  that  these  disturbances  of  nutrition — e.g.  acute  bed- 
sore, acute  cystitis — depend  on  some  altered  state  (paralysis  or  irritation)  of  the  vaso- 
motor nerves,  the  other  that  they  are  brought  about  by  irritation  of  certain  special 
or  '  trophic  nerves.' 

1.  Theory  of  vaso-motor  influence. — That  this  is  at  the  root  of  the  above  disturb- 
ances of  nutrition  derives  some  support  from  the  very  obvious  interference  with 
the  vaso-motor  nerves  which  follows  upon  injuries  to  the  spinal  cord.  In  these  there 
is  paralysis  of  the  vaso-motor  nerves  in  the  parts  below  the  injury  constituting  the 
'  paralytic  pyrexia '  of  some  writers.  The  lower  extremities  feel  hot,  the  arteries 
large  and  throbbing  (p.  653).    Prof.  Charcot  rejects  the  vaso-motor  hypothesis  on  two 

1  Fage  708,  and  Mr.  Hutchinson's  Illustr.  of  Clin.  Surg.  pi.  xxxiv.  p.  203. 
•  Die  Trophischen  Nerven,  Leipzig,  1800,  p.  289. 

3  '  Dis.  of  the  Nerv.  Syst.'  Syd.  Sue.  Trans,  vol.  i.  p.  G9.  Prof.  Charcot  draws  attention 
(footnote,  p.  72)  to  the  fact  that  Dr.  Bright  had  early  {Rept.s.  of  Med.  Cases,  1831) 
drawn  attention  to  affections  of  the  spinal  cord  accompanied  by  rapid  formation  of  bulla?  and 
eschars. 

4  On  the  other  hand,  Mr.  Hutchinson,  who  does  not  believe  in  the  existence  of  '  trophic  ' 
nerves,  holds  that  these  bed-sores  are  pressure  sores,  and  that  they  do  not  come  unless  there 
has  been  pressure.  After  a  careful  examination  of  the  recorded  cases,  Mr.  Hutchinson 
considers  that  many  are  worthless  as  evidence,  since  nothing  is  said  as  to  a  water-bed  and 
other  matters  of  much  importance. 
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grounds,  viz.  that  patients  suffering  from  vaso-motor  paralysis  are  not  predisposed  to 
changes  of  nutrition  and  inflammation,  and  because  trophic  disorders — e.g.  acute  bed- 
sore— occur  without  that  elevation  of  temperature  which  should  be  present  in  all 
cases  if  they  originated  in  hypersemia  due  to  vaso-motor  paralysis.  Neither  of  these 
objections  can  be  considered  convincing  :  the  first  is  directly  opposed  by  Prof.  Schiff, 
who  holds  that  changes  in  nutrition  and  inflammation  occur  after  slight  injuries  in 
parts  which  are  the  subject  of  vaso-motor,  paralytic  hypersemia.  With  regard  to  the 
second  Prof.  Charcot  appears  to  have  overlooked  the  fact  that  after  severe  lesions 
of  the  cord  the  temperature  of  the  extremities,  though  very  readily  liable  to  varia- 
tions, is  usually  raised  (p.  654). 

2.  Theory  of  disturbance  of  trophic  nerves.—  According  to  this  nerves  exist  which 
exei'cise  in  the  normal  state  an  influence  over  the  nutrition  of  parts  to  which  they 
go,  much  as  those  nerves  which  penetrate  into  the  interior  of  a  gland  are  believed  to 
influence  the  gland-cells  themselves.  It  will  be  seen  that  the  existence  of  these 
trophic  nerves  is  only  supposititious,  not  proved  :  if  they  exist  we  are  still  quite  ignor- 
ant as  to  what  centres  they  own,1  in  what  paths  they  run,  and  how  they  are  ulti- 
mately distributed.  Perhaps,  after  all,  the  alterations  in  nutrition  said  to  depend  on 
injury  of  trophic  nerves,  may  be  only  the  result  of  diminished  functional  activity,  or 
of  impaired  blood  supply.  But  the  following  seem  to  point  to  the  existence  of 
trophic  nerves,  and  that  they  run  in  close  company  with  sensory  ones. 

(1)  After  division  of  mixed  nerves — e.g.  median  or  ulnar — or  after  inj  uries  of  the 
spinal  cord,  it  is  on  parts  left  without  sensation  that  these  disturbances  of  nutrition 
and  inflammation  are  seen. 

(2)  Skin  lesions — e.g.  vesicles  characteristic  of  herpes  zoster — follow  accurately  the 
distribution  of  sensory  nerves,  never  that  of  a  motor  or  vaso-motor  nerve.  In  some 
cases  irritation  of  sensory  nerves  accompanies  the  herpetic  symptoms. 

(3)  Certain  experiments  appear  to  prove  that  '  trophic '  fibres  run  in  the  fifth 
nerve.  If  they  are  confirmed  there  appears  to  be  no  reason  why  such  fibres  should 
not  run  in  the  spinal  nerves,  with  which  this  cranial  one  has  so  much  in  common. 
Thus  Meissner  2  has  shown  that  if  all  the  fibres  of  the  fifth  nerve  be  divided  except 
the  innermost,  no  inflammation  sets  in,  although  no  means  be  taken  to  protect  the 
cornea,  and  the  loss  of  sensation  is  complete.  But  if  the  innermost  fibres  alone  be 
divided,  then  inflammation  sets  in  over  the  cornea,  though  its  sensation  is  not 
destroyed.  Merkel 3  has  confirmed  these  experiments,  and  with  Meynert  traces 
these  innermost  and  trophic  fibres  to  an  origin  in  the  anterior  part  of  the  corpora 
quadrigemina,  distinct  from  that  of  the  rest  of  the  nerve. 

Mr.  J.  Hutchinson,  in  his  Lectures  before  the  College  of  Surgeons,4  was  inclined 
to  rely  upon  another  and  third  theory  in  accounting  for  these  so-called  trophic 
lesions,  viz.  that  they  are  brought  by  a  spasm  of  blood-vessels  acting  through  the 
vaso-motor  nerves,  this  spasm  being  originally  due  to  a  reflex  irritation  of  a  sensory 
nerve.  Thus  Mr.  Hutchinson,  referring  to  the  case  quoted  by  Mr.  Hilton,5  in  which 
an  exostosis  on  the  first  rib  produced  gangrene  of  the  little  finger,  and  the  contiguous 
part  of  the  fourth  finger,  by  pressure  on  the  ulnar  nerves,  expressed  his  belief  that 
the  gangrene  was  brought  about  by  the  pressure  on  the  ulnar  nerve  being  conveyed 
to  the  cord,  and  thence  reflected  to  the  peripheral  parts  as  a  spasm  of  the  vaso-motor 
nerves  which  run  in  the  ulnar  nerve  itself. 

It  will  be  remembered  with  reference  to  the  vaso-motor  spasm  in  this  case  that 
the  circulation  in  the  limb  was  already  enfeebled,  owing  to  partial  occlusion  of  the 
subclavian  artery  from  pressure  of  the  same  exostosis  which  caused  irritation  of  the 
ulnar  nerve. 

1  Some  pathological  facts  seem  to  render  probable  the  existence  of  certain  trophic  centres 
in  the  cord.  Thus  the  lesions  found  by  histological  examination  of  the  cord  in  cases  of  acute 
infantile  spinal  paralysis  would  seem  to  show  that  trophic  centres  for  bones  and  joints  lie  in 
the  large  ganglion-cells  of  the  anterior  cornua. — Erb,  (oc.  supr.  cit.  pp,  45,  672. 

2  Henle  und  Pfeuffers  Zeilschrift,  xxix.  pt.  i.  p.  96. 

3  Untersuch.  Anat.  Inst.  Rostock,  p.  1. 

4  In  the  summer  of  1881.  I  am  indebted  for  my  knowledge  of  this  to  my  friend  Dr. 
Carrington,  5  Rest  and  Pain,  3rd  ed.  p.  200  fio-  35 
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Symptoms  accompanying  Jracture-dislocation  in  the  different  regions  of  the  spine. 
1.  Fracture-dislocation  of  the  lumbar  and  dorso-lumbar  region. — This  includes  the 
lumbar  and  the  last  two  dorsal  vertebrae. 

So  generally  does  paralysis  of  the  lower  extremities  result  from  fracture  of  the 
spine,  that  the  two  events  are  apt  to  be  looked  on  as  inseparable.  Yet,  when  the 
column  is  broken  below  the  second  lumbar  vertebra,  there  may  be  an  absence  of 
paralysis.  The  patient  will  be  unable  to  keep  the  body  erect ;  and  he  will  be  in- 
capacitated from  walking ;  or  he  will  carry  himself  lamely  in  a  bent  posture.  But 
lay  him  on  his  back,  and  he  will  throw  his  limbs  freely  about,  and  sensation  will  be 
perfect.  As  soon  as  there  has  been  time  for  union  of  the  fragments,  he  will  be  well, 
except  for  the  deformity  that  may  remain.  The  reason  of  this  difference  in  the  effect 
of  fracture  of  the  spine  when  it  occurs  in  the  part  specified,  compared  with  other 
places,  is  that  the  injury  is  below  the  level  of  the  spinal  cord,  which,  it  has  been 
already  stated,  terminates  at  the  second  lumbar  vertebra.  From  that  bone  down- 
wards, the  vertebral  canal  is  occupied  only  by  the  cauda  equina,  protected  by  the 
membranous  sheath  ;  these  are  suspended  loosely  in  their  place,  so  that  even  if  the 
displacement  of  the  fragments,  in  cases  of  fracture  combined  with  dislocation,  be 
great,  the  long,  flexible,  cord -like  roots  composing  the  cauda  can  slip  aside,  elude 
positive  injury,  and  retain  their  functions. 

In  other  cases  where  paraplegia  is  not  entirely  absent,  the  amount  met  with  may 
be  only  partial^  and  unequal,  motor  power  being  often  lost  while  sensation  remains. 
Thus  in  fracture-dislocations  rather  higher  up,  between  the  tenth  dorsal  and  second 
lumbal-  vertebra,  a  considerable  degree  of  motion  and  sensation  will  often  be  retained 
in  the  lower  extremities.  This  is  explained  in  part  by  the  flexibility  and  toughness 
of  the  nerves  forming  the  cauda  equina,  properties  which  have  been  alluded  to  above, 
and  which  enable  these  nerves  to  protect  the  cord  which  they  here  surround.  The 
fact  that  the  interval  between  the  origin  and  exit  of  the  spinal  nerves  increases  from 
above  downwards  is  also  to  be  remembered ;  e.g.  the  first  lumbar  nerve  which  comes 
out  between  the  first  and  second  lumbar  vertebra,  arises  in  the  cord  opposite  to  the 
lower  margin  of  the  eleventh  dorsal  vertebra. 

Reference  to  fig.  95  will  help  to  explain  the  site  and  the  severity  of  the  lesion  in 
any  given  case,  and  also  the  somewhat  obscure  effects  which  may  follow  on  an  injury 
of  the  cauda  equina,  or  the  lowest  part  of  the  cord  which  these  nerves  surround  and 
protect.  Thus  beginning  below,  the  skin  and  muscles  of  the  foot  and  leg  are  supplied 
by  nerves  coming  from  the  first  to  the  third  sacral  nerves  which  arise  from  the  cord 
opposite  to  the  first  lumbar  vertebra.  The  skin  on  the  inner  side  of  the  leg,  however, 
which  receives  its  nerve-supply  from  the  anterior  crural  and  obturator  (third  and 
fourth  lumbar)  may  escape.  The  hamstrings  and  the  skin  over  them,  the  lower 
part  of  the  skin  over  the  glutaeal  region,  and  the  glutaeal  muscles  are  supplied  by 
branches  from  the  upper  sacral  nerves,  and  from  the  fourth  and  fifth  lumbar  (lumbo- 
sacral cord)  which  arise  from  the  middle  of  the  lumbar  enlargement  of  the  cord, 
opposite  to  the  junction  of  the  twelfth  dorsal  and  first  lumbar  vertebra.  The  nerves 
to  the  muscles  and  skin  on  the  front  and  inner  side  of  the  thigh  are  paralysed  when  the 
lesion  affects  the  upper  part  of  the  lumbar  enlargement  (origin  of  anterior  crural  and 
obturator)  opposite  to  the  twelfth  dorsal  vertebra.  The  skin  over  the  upper  and 
outer  part  of  the  thigh,  the  groin,  the  inguino-scrotal  fold,  and  the  flexors  of  the  hip 
themselves,  are  affected  when  the  lesion  passes  through  the  highest  part  of  the  lumbar 
enlargement  opposite  to  the  junction  between  the  eleventh  and  twelfth  dorsal  vertebra. 

An  hyperaisthetie  zone  may  exist  above  the  paralysed  parts  after  fracture  in  the 
lumbar  region  ;  when  present  in  the  hypogastric  region,  excessive  pain  is  felt  when 
the  bladder  is  distended,  or  when  a  catheter  is  passed.  The  different  conditions  of 
the  bladder  and  rectuni  which  may  be  present,  and  which  vary  according  to  the  site 
and  severity  of  the  lesion  iniflicted  on  the  cord,  will  be  understood  from  what  ha  s  been 
already  stated  (pp.  647,  651).  As  a  rule,  if  the  crush  of  the  cauda  equina  or  of  the 
lumbar  enlargement  of  the  cord  be  severe,  the  bladder  will  first  be  distended,  and  the 
patient  suffering  from  retention  ;  this  condition  will,  however,  be  followed  ere  long  by 
incontinence,  from  the  steady  advance  of  contraction  of  the  cavity  of  the  bladder  and 
thickening  of  its  parietes,  the  urine  finally  running  out  almost  as  soon  as  it  enters 
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the  bladder.  Cystitis,  pyelitis,  surgical  nephritis  soon  follow  in  these  severe  cases. 
But  in  many  cases  where,  from  reasons  given  above,  the  injury  to  the  cord  or 
cauda  equina  is  only  partial,  the  patient  begins  again  to  feel  when  a  catheter  is  passed  ; 
he  recovers  control  over  his  bladder,  and  from  this  time  forward  the  urinary  troubles 
clear  up.1  Retention  of  faeces  is  always  present  at  first  after  severe  injuries  to  the 
lumbar  cord  and  cauda  equina.  Large  masses  of  faeces  can  be  felt  in  the  colon,  but 
the  intestines  respond  to  purgatives,  and  incontinence  of  faeces  is  always,  owing  to 
paralysis  of  the  sphincter  ani,  noticed  after  their  administration.  In  less  severe 
cases  recovery  is  common,  as  in  the  case  of  the  bladder.  The  absence  of  priapism  in 
lesions  of  the  lumbar  cord  and  the  cauda  equina  has  been  fully  explained  (p.  649). 

2.  Fracture-dislocation  in  the  dorsal  region. — In  this  is  included  the  spine, 
between  the  eleventh  and  the  second  dorsal  vertebras  inclusive,  i.e.  the  part  of  the 
cord  between  the  lumbar  and  cervical  enlargements. 

Owing  to  the  presence  of  the  cord  itself  here  alone,  unprotected  by  the  cauda 
equina,  complete  destruction  of  the  cord  at  the  site  of  injury  is  more  likely  to  be  the 
rule  here.  In  proportion  as  the  lesion  is  situated  higher  up,  there  will  be,  in  addition 
to  complete  paralysis  of  the  lower  extremities,  more  and  more  impairment  of  the 
action  of  the  abdominal  and  intercostal  muscles,  with  corresponding  loss  of  sensation. 
Reference  to  fig.  95  will  show  that  the  umbilicus  corresponds  to  the  twelfth  dorsal 
nerves,  and  the  ensiform  area  to  the  sixth  and  seventh.  Respiration  will  now  be 
rendered  imperfect.  If  the  fracture  be  below  the  sixth  dorsal  vertebra,  though  the 
diaphragm  and  upper  part  of  the  chest  still  act  in  inspiration,  expiration  carried  on 
by  the  elasticity  of  the  chest- wall  and  by  the  resilience  of  the  abdominal  viscera  will 
be  much  hampered  by  the  tympanitic  condition  of  the  intestines.  Moreover,  cough- 
ing being  now  impossible  or  much  enfeebled,  the  bronchial  mucus  tends  to  collect 
and  to  embarrass  inspiration.  This  is  especially  the  case  where  the  patient  is  already 
advanced  in  years,  and  the  subject  of  calcified  costal  cartilages  and  chronic  bronchitis. 
Where  the  fracture  is  above  the  sixth  dorsal  vertebra,  owing  to  the  naturally  greater 
fixity  of  the  upper  chest,  the  patient's  power  of  recovery  is  naturally  lessened  by  the 
diminished  inspiratory  power.  Retention  of  urine  will  be  present  at  first,  necessi- 
tating the  use  of  the  catheter;  as  the  bladder  gradually  contracts,  the  urine  will 
escape  by  the  urethra  almost  as  fast  as  it  enters  the  bladder.  Thus  in  a  patient  under 
the  observation  of  Mr.  Shaw  the  following  alteration  was  noticed  in  the  shape  of  the 
bladder,  obviously  the  consequence  of  continual  stillicidium  urinae.  Complete  para- 
plegia had  existed  froin  fracture  in  the  dorsal  region,  and  the  patient's  water  had  flowed 
continuously  into  a  urinal  for  several  months  before  death.  At  the  post-mortem 
examination,  the  bladder  was  found  to  be  of  the  usual  form  and  capacity  at  the  lower 
fundus ;  but  the  upper  fundus  was  closely  and  permanently  contracted,  so  that  the 
cavity  was  completely  obliterated,  and,  to  overcome  the  contraction,  a  boring  action 
of  the  finger  was  required.  It  was  obvious  that,  from  the  urine  escaping  through  the 
urethra  about  as  quickly  as  it  entered  the  bladder,  the  cavity  above  the  level  of  the 
orifices  of  the  ureters  could  not  be  kept  dilated. 

If  a  patient  recovers,  and  the  cystitis  which  is  always  present  in  these  cases 
subsides,  the  bladder  may  regain  a  certain  amount  of  capacity  ;  voluntary  control 
may  never  return,  but  the  patient  by  the  habitual  use  of  a  catheter  will  be  able  to 
prevent  much  inconvenience  from  overflow  (see  also  the  case,  p.  664).  So,  too,  with 
regard  to  the  evacuation  of  fseces,  retention  will  be  succeeded  by  incontinence,  and 
though  the  patient  never  regains  control  over  the  action  of  his  bowels,  after  a  few 
months  the  annoyance  of  the  involuntary  discharge  is  somewhat  diminished  as  the 
motions  are  passed,  save  when  diarrhoea  is  present,  at  considerable  intervals,  it  may 
be  of  several  days,  and  while  the  ordinary  feelings  and  warnings  are  lost,  the  patient 
is  made  aware  of  an  impending  evacuation  by  certain  peculiar,  though  somewhat 
indefinite,  sensations,  as  in  the  case  alluded  to  (p.  664). 2    Priapism  is  not  always  met 

1  As  in  the  series  of  cases  mentioned  at  p.  663. 

2  The  case  of  John  Carter  (recovery  p„t'ter  fracture-dislocation  of  the  fifth,  sixth,  and 
seventh  cervical  vertebrae),  recorded  by  Mr.  Hilton,  in  his  Rest  and  Pain,  3rd  ed.  p.  118,  and 
alluded  to  below,  p.  065,  may  also  be  referred  to  on  these  points. 

u  u  2 
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with  in  fracture-dislocations  of  the  dorsal  spine.  As  has  been  already  stated  (p.  650), 
Sir  B.  Brodie  1  had  not  met  with  this  in  fractures  below  the  sixth  dorsal  vertebra. 
It  is  no  doubt  the  rule  that  it  is  after  fracture-dislocation  of  the  lower  cervical  and 
the  upper  dorsal  spine  that  this  condition  is  most  frequently  met  with  (p.  649).  A 
few  exceptions  to  this  rule  are  alluded  to  below.2 

Fracture-dislocation  of  the  cervico-dorsal  and  lower  cervical  spine. — The  above  is 
intended  to  comprise  the  vertebra  from  the  second  dorsal  to  the  third  cervical  inclu- 
sive, or  that  portion  of  the  spine  which  corresponds  to  the  cervical  enlargement  of 
the  cord.  Reasons  have  been  already  given  (p.  641)  for  the  liability  of  this  region  to 
fracture-dislocation,  and  for  the  terrible  completeness  of  the  damage  usually  done  to 
the  cord  itself. 

Paralysis  of  motion  and  loss  of  sensation  are  usually  complete  up  to  the  level 
which  corresponds  to  the  lesion  of  the  cord.  In  diagnosing  the  site  of  this  the 
following  points  may  be  of  use.  If  sensation  be  lost  along  the  tract  supplied  by  the 
intercosto-humeral  nerve  (posterior  division  of  lateral  branch  of  second  intercostal 
nerve),  the  injury  will  be  above  the  second  dorsal  vertebra.  Above  this  spot,  with 
the  commencement  of  the  cervical  enlargement  we  shall  have  the  first  signs  that  the 
upper  extremity  is  atfected.  As  we  ascend  it  will  be  found  that  the  ulnar  nerve 
(eighth  cervical  and  first  dorsal)  is  usually  the  first  nerve  implicated.  The  hand  and 
forearm  are  affected  before  the  arm  and  shoulder.  The  biceps  (fifth,  sixth,  and  seventh 
cervical)  often  escapes,  or  it  retains  partial  power  even  when  the  rest  of  the  upper 
extremity  is  paralysed.3  Where,  e.g.  in  fracture-dislocation  of  the  fifth  cervical 
vertebra,  with  crushing  of  the  cord  at  this  level,  the  biceps  may  have  escaped  para- 
lysis at  first,  motor  power  over  this  muscle  will  shortly  be  replaced  by  rigidity  from 
the  extension  of  traumatic  myelitis. 

It  is  well  known  that  where  sensibility  is  lost  in  the  upper  extremities,  it  may 
still  persist  over  the  root  of  the  neck,  the  clavicle  and  the  acromion,  and  in  front, 
even  as  low  down  as  a  line  an  inch  above  the  nipples,  owing  to  these  parts  being 
supplied  by  the  descending  branches  (third  and  fourth)  of  the  cervical  plexus.  The 
character  of  the  respiration,  as  a  rule  entirely  diaphragmatic,  in  these  cervical  and 
cervico-dorsal  lesions  has  been  already  fully  alluded  to.  It  is  possible  that  in  some 
cases,  e.g.  when  the  injury  is  not  above  the  sixth  cervical  vertebra,  the  patient 
having  some  power  of  fixing  his  scapulse  (Trapezius  Sp.  Accessory,  third  and  fourth 
C. ;  Levator  anguli  scapula?,  third  C.)  and  upper  arm  (Pectoralis  major,  fifth,  sixth, 
and  seventh  0.)  may  gain  some  aid  in  his  inspirations  from  the  serratus  magnus  (fifth 
and  sixth  C).  Again,  as  the  fourth  cervical  nerve,  the  chief  constituent  of  the  phrenic, 
comes  out  above  its  corresponding  vertebra,  the  phrenic  may  escape  for  a  while  more 
than  partial  damage,  even  in  fracture-dislocation  of  the  fourth  cervical  vertebra  ;  but 
in  a  few  hours  inflammatory  mischief  extending  to  the  adjacent  grey  matter  will  cause 
a  rapid  closing  of  life. 

As  was  the  case  in  fracture-dislocation  of  the  dorsal  spine,  there  is  usually  reten- 
tion followed  by  incontinence  both  of  urine  and  faeces.  One  or  two  especial  points 
with  reference  to  the  urine  deserve  mention  here.  It  has  been  stated  that  in  these 
cases  of  fracture-dislocation  of  the  cervical  spine  the  amount  of  urine  is  always  dimin- 
ished,4 and  that  in  some  cases  total  suppression  has  been  present ;  but  with  reference 

1  Mecl.-CJiir.  Trans,  vol.  xx.  p.  140. 

2  Mr.  Bryant  (Path.  Soc.  Trans,  vol.  vii.  p.  802)  has  recorded  a  case  of  fracture-disloca- 
tion of  the  eleventh  and  twelfth  dorsal  vertebra?  where  slight  priapism  existed.  Other  cases 
where  this  condition  existed,  the  injury  being  below  the  sixth  dorsal,  will  be  found  recorded 
in  the  New  York  Journ.  Med.  1851  and  1852,  and  in  the  Am.  Med.  Times,  1861. 

3  The  following  list  (Qnain's  Anat.  vol.  i.  p.  584)  of  the  nerve-trunks  of  the  upper 
extremity,  with  their  corresponding  spinal  nerves,  ma}'  be  found  useful : — 

Subscapular 
Circumflex 


Musculo-spiral 


Ulnar,  8  0.,  1  D.,  or  7  8  O,  1  D. 
5,  G,  7,  8,  C.  Internal  cutaneous  1 8  C  ID 

Lesser  internal  cutaneous  | 
External  cutaneous    5,  6,  7,  C.  .   *   •     .i.    „  ■„  I  external,  5,  6,  7,  C. 

Median        .       .    5,  <  7,  8  C.    ID.  Anterior  thoracic  j  Eternal,  8,  O.,  1  D. 

4  Sir  B.  Brodie  (Med.-Chir.  Trans,  vol.  xx.  p.  142)  records  a  case  where,  after  fracture- 
dislocation  of  the  fifth  and  sixth  cervical  vertebras,  4  oz.  of  urine  were  drawn  oil'  twenty- 
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to  such  cases,  where  life  has  only  been  prolonged  a  short  time,  the  influence  of  shock 
must  be  remembered.  Saccharine  urine  has  been  noticed  in  a  few  cases  ;  thus  Mr. 
Dove  1  lecords  a  case  of  fracture  of  the  sixth  cervical  vertebra  with  much  bruising  of 
the  cord,  where  traces  of  sugar  were  found  in  the  urine  on  the  three  occasions  in 
which  the  catheter  was  used.  The  specific  gravity  of  the  urine  was  1017  to  1019. 
Dyspnoea  was  an  urgent  symptom,  the  patient's  death  taking  place  suddenly,  owing 
to  the  friends,  in  spite  of  warning,  raising  him  up  in  the  bed.  The  glycosuria  in 
such  a  case  may  be  explained  by  two  hypotheses,  (a)  That  its  presence  is  due  to 
irritation  of  the  floor  of  the  fourth  ventricle,  owing  to  inflammation  extending 
upwards,  (ft)  That  the  part  of  the  liver- glycogen  which  should  have  been  oxidised 
fails  to  undergo  this  change,  owing  to  the  impeded  and  imperfect  respiration.2 

The  changes  which  have  been  noticed  in  the  pulse,  in  the  temperature,  and  in 
the  pupil  have  already  been  alluded  to  at  pp.  645-647. 

Prognosis  in  cases  of  fracture-dislocation  of  the  spine. — While  this  accident  is  in 
all  cases  a  very  grave  one,  and,  in  the  case  of  the  cervical  region,  an  almost  certainly 
fatal  one,  a  too  gloomy  view  has  been  taken  of  it  in  past  days.3  By  far  the  most 
important  element  in  the  recovery  of  the  patient  is  the  site  of  the  lesion,  as  will  be 
seen  below  when  the  prognosis  is  considered  with  reference  to  each  region  separately. 
Two  other  elements  to  which  some  attention  should  be  paid  are  the  kind  of  violence 
which  caused  the  fracture,  whether  direct  or  indirect,  and  the  degree  of  its  severity, 
and  also  the  age  of  the  patient.  It  has  been  already  shown  (p.  639)  that,  as  a  rule 
in  cases  of  fracture-dislocation  from  indirect  violence,  the  injury  to  the  cord  is  likely 
to  be  more  complete  than  where  the  violence  has  been  direct,  and  that  in  many  of 
the  latter  cases  there  is  reason  to  hope  that  the  cord  will  have  escaped  complete 
laceration,  the  injury  to  the  bones  consisting  of  a  fracture  of  the  spinous  process  or 
lamina?,  and  not  of  a  crushing  down  of  the  bodies  with  a  driving  backwards  of  a 
fragment  into  the  canal  and  the  cord.  The  age  of  the  patient  also  enters  into  the 
prognosis,  in  so  far  as  it  bears  upon  power  of  recovery  from  the  stage  of  bed-sores 
and  cystitis,  and  the  presence  or  absence  of  previous  bronchitis  (p.  651). 

Prognosis  in  fracture-d  islocat  ion  of  the  lumbar  spine. — The  direction  of  the  curve 
of  this  part  of  the  spine,  with  its  convexity  forwards,  its  protection  by  powerful 
masses  of  muscle,  the  great  size  of  and  large  amount  of  cancellous  tissue  in  the  vertebral 
bodies,  the  comparative  freedom  of  the  bodies,  and  the  great  thickness  of  the  inter- 
vertebral discs ;  these  are  all  points  which  help  to  break  the  force  of  violence  directed 
upon  this  region,  and  to  protect  the  contained  nerve-structures  from  destruction. 
But  a  more  important  point  is  the  fact,  alluded  to  at  p.  630,  that  in  the  lower  part  of 
the  lumbar  spine,  the  delicate  structure  of  a  single  spinal  cord  is  entirely  replaced 
by  the  numerous,  tough  movable  nerves  of  the  cauda  equina,  while  in  the  upper  part 
the  cord  is  already  surrounded  and  protected  by  these  nerves.  If  the  fracture-dislo- 
cation be  below  the  level  of  the  second  lumbar  vertebra,  where  alone  is  the  cauda 
equina,  even  though  the  displacement  is  great,  the  patient  may  retain  a  considerable 
amount  of  motor  power  and  sensation  in  his  lower  extremities. 

four  hours  after  the  accident,  and,  death  taking  place  twenty-six  hours  later,  the  same  quantity 
was  found  in  the  bladder,  none  having  been  voided  in  the  interval.  Dr.  Com'stock  (Boston 
Med.  Journ.  1848)  in  a  similar  injury  to  the  fifth  cervical  vertebra  found  that  absolutely  no 
urine  was  secreted  during  thirty-three  hours. 

1  Land.  Hosp.  Repts.  vol.  i. 

2  Glycosuria,  it  will  be  remembered,  has  also  been  noticed  in  cases  of  carbonic-oxide 
poisoning.  Mr.  Dove  records,  on  the  authority  of  Mr.  Couper,  the  following  fact 
based  upon  experiment.  If  the  respiration  of  a  dogr,  after  a  meal,  be  impeded  so  as  to 
cause  partial  asphyxia,  the  dog  then  be  allowed  to  recover,  and  this  be  repeated  several  times, 
sugar  will  be  found  in  the  urine. 

3  Thus  Sir  A.  Cooper  (Fract.  and  Disl.),  speaking  in  justification  of  the  operation 
of  trephining  the  spine,  says :  '  If  the  operation  saves  only  one  life  in  a  hundred,  it  is  more 
than  1  have  yet  seen  accomplished  by  surgery.'  Dr.  Brown-StSquard  (Led.  on  the  Centr. 
Nero.  Syst.  p.  239),  taking  up  the  same  defence,  put  the  Cases  which  recover  under  ordinary 
treatment  at  '  perhaps  less  than  1  per  100.'  The  above  percentage  may  have  been  correct 
fifty  years  ago,  but  there  can  be  no  doubt  that  improved  methods  of  treatment,  e.g.  water- 
beds  for  the  prevention  of  pressure-sores,  flexible  catheters  and  bladder-injections  for  the  pre- 
vention and  treatment  of  cystitis,  have  altered  the  above  considerably  (vide  infra,  p.  675). 
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Even  in  cases  where  the  loss  of  motion  and  sensation  is  at  first  more  complete,  a 
good  result  may  be  expected.  If  the  patient  can  be  safely  tided  over  the  stage'of 
bedsores  and  minary  troubles,  it  may  be  confidently  expected  that  he  will  recover, 
and  be  able  eventually  to  follow  some  light  occupation.  In  proof  of  this,  the  cases 
which  are  represented  in  the  two  following  figures  (96  and  97)  may  be  referred  to,  toge- 


Fig.  96. — Last  two  Dorsal  and  first  three 
Lumbar  Vertebrae  of  a  patient  who 
made  a  good  recovery  alter  Fracture  of 
the  Spine. 


The  pmMent.  a  collier,  was  thrown  violently  against  thp 
side  of  a  mine  in  a  fire-damp  explosion.  No  para- 
lysis appeared  for  fonr  days,  when  numbness  and 
partial  loss  of  power  in  the  lower  extremities  was 
noticed.  By  the  end  of  nine  months  these  had 
passed  away.  The  man  then  resnmed  his  work, 
but,  in  the  very  next  week,  he  was  killed  by  a  mass 
of  coal  falling  upon  his  chest.  A  great  part  of  the 
second  lumbar  vertebra  appears  to  have  been 
absorbed  after  fracture,  crushing,  and  displacement 
forwards  of  this  bone.  At  first  sight  eventual  re- 
covery would  seem  improbable  in  such  a  case,  owing 
to  the  extent  to  which  the  vertebral  canal  is  en- 
croached upon.  I  think,  however,  that  close  ex- 
amination of  the  specimen  (and  I  owe  to  Prof. 
Flower's  courtesy  the  opportunity  of  having  a 
section  of  it  made),  shows  that  the  portion  of 
bone  which  projects  backwards  is  not  an  origi- 
nally displaced  fragment  but,  from  the  looseness 
and  sponginess  of  its  texture,  new  repairing  bone, 
and  that  thus  the  spinal  cord  had  time  to  ac- 
commodate itself  to  the  considerable  encroachment 
which  has  taken  place  upon  its  canal.  If  this 
bone  bad  been  a  fragment  forced  backwards  at 
the  time  of  the  accident,  the  cord  would  probably 
have  been  severely  damaged,  as  in  fig.  98.  As  it 
was,  the  fact  that  no  paralysis  appeared  for  four 
days,  and  that  a  good  recovery  took  place  in 
nine  months,  would  appear  to  show  that  the 
paralysis  was  due  either  to  hemorrhage  from 
some  weakened  vessel,  or  to  inflammatory  exud- 
ation.   (Hunt.  Mus.  985a.) 


Jig.  67. — Spinal  Column  of  a  man  who  lived 
twenty-six  years  after  Fracture  of  the 
Upper  Lumbar  Region.1 


In  1849  the  patient  was  crushed  by  the  fall  of  a  horse-1  ox.  On  admission  into  the  Royal  Free  Hospital  he  was 
found  to  have  lost  all  power  of  motion  ;  sensation,  however,  and  the  control  over  bladder  and  rectum  were  normal. 
About  a  month  after  the  accident  the  patient  was  discharged,  gradually  gaining  power  in  his  legs.  He  recovered 
so  far  as  to  be  able  to  walk  with  a  stick,  but  with  a  peculiar  waddling  gait,  the  toes  being  turned  inwards  and  the 
body  slightly  bent.  Up  to  the  time  of  his  death,  from  bronchitis,  in  1876,  the  patient  was  all  the  while  able  to  earn 
his  living  by  light  occupation. 

In  the  specimen  (Hunt.  Mus.)  the  second  and  third  lumbar  vertebra;  appear  to  have  been  dislocated  from  each 
other  and  partially  fractured.  The  upper  vertebra;  have  gone,  with  the  upper  part  of  the  spinal  column,  to  the  right, 
and  the  lower  to  the  left,  and  subsequently,  and  no  doubt  in  part  owing  to  muscular  action,  considerable  rotation 
of  the  bodies  has  occurred.  The  four  loner  vertebra;  have  a  spiral  twist  from  right  to  left ;  the  upper  are  twisted 
a  little  in  the  opposite  direction.  A  large  mass  of  new  bone  has  been  formed  to  lock  die  parts  together,  and  the 
first,  second,  and  third  lumbar  vertebra;  are  by  this  means  firmly  anchylosed.  A  good  deal  of  new  bone  has 
formed  about  the  laminae,  articular  and  spinous  processes,  from  the  twelfth  dorsal  to  the  last  lumbar,  leading 
to  anchylosis  of  all  these  bones.  The  lower  five  dorsal  have  also  new  bone,  sprouting  in  a  sharp  spiculated  way 
from  their  articular  edges,  indicating  that  the  inflammation  has  been  both  extensive  and  severe.  The  spinal  canal 
is  most  narrowed  between  the  first  and  second  lumbar,  but  not  to  any  material  extent.  There  is  also  a  perfect 
fusion  of  the  bodies  of  the  fourth  and  fifth  cervical  vertebras,2  probably  due  to  the  crushing  character  of  the  violence 
to  which  the  patient  was  subjected. 

1  The  case  was  recorded  by  the  late  Mr.  Carr  Jackson  in  the  Path.  Soc.  Trans,  vol.  xxviii. 
p.  20G.  The  description  of  the  specimen  there  given,  from  which  the  above  is  taken,  is  by 
Dr.  Goodhart. 

2  Double  fracture  of  the  spine  is  rarely  met  with.    The  above  is  obviously  the  kind  of 
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ther  with  some  of  those  alluded  to  at  pp.  672,  673.  and  the  following  series  of  cases  of 
recovery  after  fracture  of  the  lumbar  spine,  accompanied  by  paralysis,  retention  of 
urine,  &c,  which  has  been  published  by  Mr.  Hutchinson.1    All  the  cases,  and  those 

pIG.  98. — The  left-hand  figure  represents  the  section  of  a  Spine  which  had  been  fractured 
in  the  Dorsal  Region,  eight  months  before  death,  which  was  brought  about  by  severe 
cystitis,  &c.  The  fragments  have  become  firmly  united.  One  of  the  intervertebral 
foramina  has  been  obliterated.  The  figure  on  the  right  is  intended  to  show  the  utter 
disorganisation  of  the  cord  from  the  same  case,  at  the  seat  of  injury.  The  case  is  briefly 
referred  at  p.  668.    (The  preparations  are  in  the  Museum  of  the  Middlesex  Hospital.) 


alluded  to  above,  are  of  the  greatest  interest  with  regard  to  the  prognosis  of  fractures  in 
this  region. 

Fracture  of  the  spine,  about  the  fourth  or  fifth  lumbar  vertebra,  from  a  fall  of  thirty-eight 
feet  into  a  ship's  hold,  with  displacement.  Paraplegia,  with  paralysis  of  the  sphincters, 
cvstitis,  &c.  Gradual  improvement.  Recovery  in  four  months.  Patient  able  to  walk. 
Discharged  cured. 

Fracture  of  the  spine,  at  the  first  lumbar  vertebra,  from  a  fall  of  thirty  feet  upon  some 
stones.  Incomplete  paraplegia  at  first.  Four  days  later  complete  paraplegia,  with  paralysis 
of  sphincters.    Gradual  improvement  after  seven  weeks.    Perfect  recovery. 

Fracture  of  spine,  at  the  third  lumbar  vertebra,  after  a  fall  from  a  mast-head  upon  some 
coals  on  a  ship's  deck.  Paraplegia.  Paralysis  of  sphincters.  Power  of  walking  regained  in 
three  months,  but  certain  parts,  e.g.  buttocks,  geiitals,  urethra,  still  without  sensation. 

Fracture  of  spine,  about  the  second  lumbar  vertebra,  after  a  fall  from  a  house.  Incom- 
plete paraplegia.  No  paralysis  of  sphincters.  Recovery  of  power  of  walking  in  four 
months. 

Fracture  of  spine  in  the  upper  lumbar  region,  with  fracture  of  spinous  process  of  the 
ninth  dorsal  vertebra,  after  a  fall  of  about  forty  feet  on  to  the  ground.  Paraplegia. 
Paralysis  of  sphincters.  Cystitis.  Recovery  in  six  months  of  power  over  sphincters,  and 
of  ability  to  walk,  with  crutches,  when  made  an  out-patient. 

It  will  be  gathered  from  the  above  that  the  points  which  enable  the  surgeon , 
who  should  at  first  speak  with  guarded  hopefulness,  to  give  a  more  favourable  prog- 
nosis in  these  cases  of  fractured  lumbar  spine  are  cessation  of  any  burnings,  tingling, 
or  other  hypersesthesise  which  have  pointed  to  the  existence  of  myelitis,  return  of 
power  increasing  steadily  from  mere  flexion  of  the  toes  to  ability  to  lift  the  lower 
limbs,  experience  of  desire  to  make  water,  amenability  of  cystitis  to  treatment,  and 
healing  of  bed-sores.  This  evidence  of  improvement  is  to  be  expected  within  three  to 
six  months,  and,  if  not  well  advanced  within  the  latter  date,  the  outlook  is  a  gloomy 
one. 

I  have  been  the  more  anxious  to  point  out  that  recovery  is  not  at  all  uncommon 
in  cases  of  fracture  of  the  lumbar  spine,  because  some  of  those  surgeons  who  have 

accident  to  produce  it.   If  the  cord  be  compressed  at  each  fracture,  the  symptoms  would 
be  referred  to  the  upper  one.    Thus  in  the  above  case,  the  injury,  whatever  it  was,  to  the 
cervical  vertebrae  could  not  have  produced  compression  of  the  cord. 
1  Lond.  Hosp.  Repts.  vol  iii.  p.  326  et  seq. 
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supported  the  operation  of  trephining  the  spine  (an  operation  which  has  been  most 
frequently  performed  in  cases  of  fracture  of  the  lumbar  region)  have  advocated  this 
step  on  the  supposition  that  fractures  of  the  different  regions  of  the  spine  are  almost 
equally  fatal.1  I  believe  this  supposition  to  be  entirely  incorrect,  and  think  it  would 
be  well  if  surgeons  would  point  this  fact  out  to  house-surgeons,  dressers,  and 
nurses  upon  whom  the  responsibility  of  the  daily  treatment  of  these  cases  in  a  large 
measure  falls,  and  to  whom  a  great  part  of  the  credit,  in  cases  of  recovery,  must 
accordingly  be  given. 

Prognosis  in  fracture-dislocation  of  the  dorsal  region. — The  prognosis  2  in  frac- 
tures of  this  region  is  unfavourable,  for  two  reasons.  It  has  been  already  shown  that 
the  injury  here  inflicted  upon  the  cord  is  usually  complete,  partly  on  account  of  its 
somewhat  smaller  size,  and  also  because  it  here  lacks  any  protection  from  the  cauda 
equina,  and  the  greater  strength  of  the  vertebrae  in  the  lumbar  region.  Thus  the 
bed-sores  and  the  cystitis,  through  which  it  has  been  shown  that  a  patient  with  frac- 
ture of  the  lumbar  spine  may  often  be  safely  tided,  are  here  likely  to  be  more 
severe,  more  persistent,  and  more  fatal,  on  account  of  the  greater  injury  to  the  cord, 
the  greater  risk  of  extension  of  myelitis,  and  the  greater  helplessness  of  the  patient. 
On  this  account  fracture  low  down  in  the  dorsal  region  is  usually  fatal  in  a  few 
months  (fig.  98).  Another  risk,  and  another  reason  for  the  unfavourableness  of 
the  prognosis,  are  present  irr  the  fact  that  the  higher  the  fracture  is  situated  in  the 
dorsal  region,  the  greater  is  the  number  of  the  inter-costal  muscles  which  are  paralysed, 
and  the  more  is  respiration  interfered  with.  Thus  in  fracture-dislocation  of  the  first 
or  second  dor-sal  vertebra,  which  commonly  occurs  after  indirect  violence,  e.g. 
severe  flexion  of  the  cervical  spine,  death  usually  takes  place,  especially  in  patients 
at  all  advanced  in  years,  within  a  week  of  the  injury. 

The  following  is  a  good  instance  of  the  amount  of  recovery  and  the  long  survival 
met  with  after  fracture  of  the  dorsal  spine  in  a  young  subject  who  narrowly  escaped 
the  rnore  usual  early  death  from  bed-sores  and  cystitis. 

Mr.  It.,  thirty-two  years  of  age,  from  the  West  of  England,  consulted  Mr.  Shaw  in  the 
summer  of  1800.  When  about  nineteen  years  old,  he  fell,  with  a  branch  of  a  pear-tree  on 
which  he  sat  astride,  from  a  height  of  thirty  feet.  He  was  found  to  have  fracture  of  the  spine, 
between  the  eighth  and  tenth  dorsal  vertebras,  and  complete  paralysis  of  the  lower  extremi- 
ties and  of  the  bladder  and  rectum.  At  first,  his  life  was  despaired  of  during  several  weeks, 
on  account  of  immense  sloughs  on  the  nates,  and  disease  in  the  urinary  organs.  At  length 
the  sores  healed  ;  and  as  promoting  that,  he  attached  great  value  to  the  use  of  india-rubber 
water-pillows,  which  he  began  to  use  a  fortnight  after  the  accident.  These  pillows  he  has 
occasionally  tried  to  give  up  ;  but  as  soon  as  he  did  so,  new  sores  formed :  and  he  employs 
them  to  the  present  time,  whether  sitting  or  lying.  The  urine  was  drawn  off  by  the  catheter 
twice  daily  for  three  months.  At  first,  it  was  extremely  offensive,  and  loaded  with  ropy 
mucus.  Subsequently,  the  water  began  to  dribble  away,  and  the  introduction  of  the  instru- 
ment was  discontinued.  Though  there  is  still  incontinence  of  urine,  the  bladder  gets  filled : 
he  is  made  aware  that  it  is  distended  by  what  he  describes  as  a  peculiar  tremor  felt  at  the 
pit  of  the  stomach :  he  then  squeezes  the  abdomen  in  t  he  region  of  the  bladder,  with  both 
hands,  and  so  causes  an  increased  quantity  of  urine  to  be  expelled :  the  above  proceeding  he 
repeats  about  every  third  or  sixth  hour.  During  the  first  year  he  was  much  inconvenienced 
by  constant  or  frequently  recurring  involuntary  discharge  of  the  faeces:  since  then  he  has 
had  the  same  want  of  control  over  the  passage  of  the  stools;  hut  the  act  has  been  performed 
at  distant  intervals,  the  ordinary  period  between  them  being  seven  or  nine  days ;  sometimes 
the  interval  is  a  fortnight:  a  short  time  before  each  action  he  experiences  a  sense  of  heavi- 
ness in  the  head,  and  has  slight  flushing  of  the  face  ;  and  the  stool  which  comes  is  immensely 
large  and  of  nearly  solid  consistence.  It  was  not  till  six  months  after  the  accident  that 
his  hips  were  sufficiently  sound  for  him  to  sit  up  and  be  wheeled  in  an  invalid-chair.  The 
le<rs  are  now  entirely  devoid  of  sensation  ;  and  during  the  first  eighteen  months  they  were 
perfectly  motionless.  After  that  the  effects  of  galvanism  were  tried,  and  ever  since  both 
limbs  have  been  subject  to  sudden,  and  sometimes  violent,  starlings :  these  are  commonly 


1  Dr.  McDonnell,  Dubl.  Quart.  Journ.  of  Med.  Sci.  N.  S.  vol.  xlii.  p.  9. 

2  Gurlt  (Handb.  der  Lehre  v.  den  Knochenbriichen,  2nd  Theil,  1st  leif.  s.  56)  states  that 
of  145  cases  of  fracture-dislocation  between  the  third  dorsal  and  the  second  lumbar,  39  were  so 
far  cured  in  that  a  more  or  less  complete  restoration  of  all  or  most  functions  took  place,  and  that 
in  18  other  cases  patients  survived  over  three  months.  It  will  be  noticed  that  the  above 
limits  exclude  the  very  dangerous  fracture-dislocation  of  the  upper  two  dorsal  vertebrae, 
while  it  also  includes  the  like  injury  of  the  upper  lumbar  spine. 
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excited  by  touching,  or  changing  the  posture  of  the  legs;  but  they  take  place  when  he  is 
lying  quiet,  without  any  apparent  cause.  Within  the  last  six  years  the  strength  and  frequency 
of  the  convulsive  actions  have  abated,  and  they  have  never  caused  pain  ;  but,  as  they  are 
both  inconvenient  and  disturb  his  sleep,  he  is  accustomed  to  fasten  his  feet  by  straps  to  the 
sides  of  the  bed,  by  which,  they  are  counteracted.  Since  recovering  from  the  dangers  im- 
mediately following  the  accident,  his  health  has  been  almost  uninterruptedly  good.  His 
lower  limbs,  from  the  hips  downwards,  are  atrophied,  and  the  joints  of  the  ankle,  instep  and 
toes,  stiff  and  distorted.  But  in  the  upper  part  of  his  body  he  is  stout  and  powerfully  built, 
the  muscles  of  the  shoulders  and  arms  being  developed  to  a  degree  seldom  seen  even  in  the 
most  athletic.  He  drives  himself  in  his  open  carriage.  He  was  not  fatigued  by  his  long 
railway  journey.  During  his  stay  in  town  he  paid  visits  to  the  Crystal  Palace  and  other 
show-places.  He  is  provided  with  a  mechanical  bed,  combining  all  the  ingenious  contrivances 
of  the  most  improved  construction. 

Prognosis  in  fracture-dislocation  of  the  cervical  spine. — In  this  are  included  the 
cervical  vertebrae  from  the  third  to  the  seventh,  injuries  of  the  upper  two  cervical 
vertebrae  being  considered  separately  (p.  682).  The  prognosis  of  these  injuries  is 
most  gloomy  ;  the  great  majority  of  these  cases  prove  fatal  quickly,  two  to  five  days 
being  the  usual  limit  of  life.1 

The  rapidity  with  which  the  almost  inevitably  fatal  issue  takes  place  in  these 
cases  will  be  somewhat  affected  by  the  height  at  which  the  cord  is  injured,  the  com- 
pleteness of  its  severance,  and  the  extent  of  its  bruising,  and  therefore  the  short  interval 
which  elapses  before  the  nuclei  of  origin  of  the  phrenic  nerve  are  reached,  and  also 
the  age  of  the  patient. 

The  following  are  extraordinary  examples  of  prolongation  of  life  after  such 
injuries  : — 

A  man,  ash  21,  fell  forty  feet  from  a  tree  and  fractured  the  fifth,  sixth,  and  seventh 
cervical  vertebrae.  The  arms  and  legs,  the  bladder  and  rectum,  were  all,  thenceforwards, 
paralysed.  This  patient  survived  fourteen  years,  and  was  in  the  habit  of  copying  engravings, 
with  the  greatest  accuracy  and  precision,  by  the  motion  of  his  head  alone,  the  camel's-hair 
brush  or  pencil  being  held  between  his  teeth.  His  death  was  finally  due  to  his  being  upset 
from  a  small  cart ;  this  led  to  some  chest  affection,  which  proved  fatal  in  a  few  days.2 

A  gentleman,  twenty-six  years  of  age,  the  heir  to  extensive  landed  property  in  the  south 
of  Scotland,  while  in  the  act  of  running  on  the  edge  of  a  terrace  adjoining  his  father's 
mansion,  accidentally  fell  upon  a  hard  road  beneath,  a  height  of  ten  or  twelve  feet,  and 
injured  his  neck.  From  that  moment  every  part  of  the  body,  with  the  exception  of  the 
head,  was  completely  paralysed,  the  power  of  rotating  the  head  being  all  that  remained  to 
him.  In  that  state,  without  the  slightest  variety  as  to  the  extent  of  the  paralysis,  he  con- 
tinued up  to  the  time  of  his  death,  which  took  place  nearly  fifteen  months  after  the  accident. 
At  the  post-mortem  examination,  it  was  found  that  the  fifth  cervical  vertebra  had  been 
fractured  horizontally,  and  a  wedge-shaped  portion  broken  off,  which  projected  about  a  sixth 
of  an  inch  into  the  canal.  The  whole  bone,  with  the  exception  of  that  portion,  was  driven 
slightly  forwards :  consequently  the  size  of  the  canal  at  this  part  was  lessened,  but  not  to 
such  an  extent  as  to  compress  the  cord.  Opposite  the  projecting  wedge  of.  bone,  the 
cord  was  so  nearly  divided  that  a  portion  only,  of  less  size  than  a  crow-quill,  remained 
entire  for  a  space  of  about  three-eighths  of  an  inch.  Above  and  below  this,  the  cord  was 
reduced  to  a  softened  pulp ;  but  beyond,  it  was  firm  and  healthy.3 

Treatment  of  fracture  of  the  spine. — Should  the  surgeon  happen  to  be  at  hand 
when  the  accident  has  just  occurred,  his  first  object  ought  to  be  to  guard  against 
disturbance  of  the  fracture,  while  trans  porting  the  patient  to  his  home.  Before 
allowing  officious  persons  to  lift  him  from  the  ground,  provision  ought  to  be  made 
for  his  being  borne  on  a  door,  shutter,  or  the  like;  otherwise  there  will  be  an 
aggravation  of  the  crushing  and  tearing  of  the  cord.  If  from  the  seat  of  pain  it 
appear  that  the  fracture  is  near  the  neck,  a  sack  or  pillow-case  ought  to  be  partly 
filled  with  sand,  and  placed  around  the  head,  so  as  to  keep  it  steady. 

To  avoid  disturbance  of  the  fracture,  the  clothes  should  be  cut  off,  but  all  hand- 
ling of  the  site  of  fracture  is,  as  far  as  possible,  to  be  avoided.    By  attention  to  the 

1  Prof.  Gurlt  (luc.  supr.  cit.  s.  54)  states  that,  of  95  collected  cases,  two-thirds  (63)  died 
within  the  first  four  days.  And  these  cases  include  injuries  not  only  of  the  lower  cervical 
but  also  of  the  upper  two  dorsal  vertebrae. 

2  Hilton,  Rest  and  Pain,  3rd  ed.  p.  ]  16.  Careful  notes  of  the  case  are  there  given  by 
Mr.  Hilton,  together  with  a  drawing  of  the  spine. 

3  Mr.  Page,  of  Carlisle,  under  whose  care  this  patient  was,  communicated  the  above 
notes  to  Mr.  Shaw. 
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history,  symptoms,  and  ordinary  anatomical  details,  the  diagnosis  is,  as  a  rule, 
rendered  only  too  certain,  and  any  such  examination  becomes  superfluous.  Further- 
more, this  will  often  be  made  fruitless  by  the  amount  of  ecchymosis  and  swelling  at  the 
site  of  injury,  while  the  disturbance  of  the  patient,  entailing  as  it  does  the  risk  of  set- 
ting up  ostitis,  and  increasing  the  amount  of  disorganisation  already  existing  in  the 
cord,  is  absolutely  pernicious.  The  turning  of  the  patient  even  partially  on  to  his  face  is 
to  be  deprecated  in  these  cases  for  another  reason,  in  that  it  tends  to  remove  support 
from  the  spine,  and,  by  increasing  the  tendency  to  forward  displacement  in  the 
vertebrae  above  the  site  of  fracture,  to  bring  about  a  pressure  which  may  be  fatal. 

With  regard  to  the  probable  amount  of  deformity  or  irregularity  in  these  cases, 
it  is  the  rule  that  instances  of  great  displacement  are  exceptional ;  it  will  usually  be 
found  (and  this  is  certainly  true  of  the  upper  part  of  the  spine)  that  the  bones, 
partly  from  their  elasticity,  and  partly  from  the  lifting  and  straightening  of  the 
patient  when  he  is  first  picked  up,  are  again  almost  in  line.  In  the  lower  dorsal  and 
lumbar  region,  owing  to  the  prominence  of  the  articulating  and  transverse  processes, 
replacement  is  much  less  practicable,  and  the  deformity  is  often  very  marked  (fig.  97). 
Lastly,  it  must  always  be  remembered  that  those  cases  in  which  the  deformity  is 
most  marked  are  not  always  the  most  serious ;  decided  irregularity  may  be  met 
with  when  only  the  spinous  processes  are  fractured  ;  again,  in  fracture- 
dislocation  of  the  lumbar  spine,  though  the  deformity,  as  just  mentioned,  may  be 
extreme,  the  cord  may,  from  the  width  of  the  canal,  and  the  protecting  presence 
of  the  cauda  equina,  escape  severe  injury  ;  again,  in  incomplete  dislocation  of  the 
cervical  spine,  the  deformity  may,  from  the  superficial  position  of  the  vertebrae, 
appear  marked,  and  yet  spinal  symptoms  be  slight.  On  the  other  hand,  the  gravest 
lesions  of  the  cord  may  be  present,  though  the  deformity  of  the  fractured  spine  is 
very  slight  ;  thus  the  displacement  may  have  been  temporary,  even  momentary,  but 
sufficient  to  cause  permanent  and  grievous  injury  of  the  cord,  or  a  fragment  of  one  of 
the  crushed  vertebral  bodies  may  have  been  driven  backwards  into  the  cord,  causing 
irreparable  mischief,  but  not  producing  any  external  irregularity. 

A  properly  constructed  water-bed  is,  if  possible,  to  be  selected  for  the  patient. 
Care  should  be  taken  so  to  regulate  the  amount  of  water  (and  to  keep  this  sweet  a 
certain  proportion  of  carbolic  acid  should  be  added)  as  to  ensure  the  patient's  being 
floated.  A  section  of  such  a  bed  about  three  feet  square  will  usually  be  found  suffi- 
cient, as  it  is  the  back  and  nates  which  are  chiefly  liable  to  bed-sores.  If  a  water-bed 
cannot  be  procured,  a  wire  spring  bed,  though  less  efficacious  in  preventing  bed-sores, 
may  be  made  use  of ;  where  the  above  cannot  be  procured,  a  narrow  bed,  rather  low, 
with  boards  in  place  of  sacking,  and  two  or  more  elastic,  yet  firm,  horsehair 
mattresses  may  be  substituted.  Mackintosh  cloth,  and  over  it  a  draw-sheet,  should 
be  placed  under  the  patient's  hips.  A  water-pillow  should  be  placed  under  the 
buttocks,  and  air-cushions,  or  common  feather  pillows,  lined  with  oil- silk,  should  be 
bountifully  provided.  An  invalid-couch,  on  the  principle  of  Earle's,  if  not  too 
expensive,  will  afford  numerous  facilities  for  nursing ;  thus  the  direction  of  the 
pressure  on  the  hips  can  be  gradually  changed  from  time  to  time ;  conveniences  for 
removing  the  evacuations  without  the  necessity  of  disturbing  the  patient  are  added  ; 
and  later  on,  by  bending  its  numerous  joints,  the  stiffening  of  the  hips  and  knees 
can  be  somewhat  obviated,  and  alteration  of  position  easily  and  gently  given. 

The  pressure  of  the  bed-clothes  should  be  at  first  taken  off  the  toes  and  the  malleoli, 
by  small  cradles,  to  prevent  the  formation  of  pressure  sores.  It  is  well  also  to 
obviate  the  tendency  of  the  lower  limbs  to  become  everted  by  supporting  them  with 
pillows  or  sand-bags.  Otherwise  this  position,  which  the  limbs  of  a  patient  laid  on 
his  back,  aided  by  the  pressure  of  the  clothes  on  the  feet,  readily  assume,  may, 
together  with  partial  anchylosis  of  the  joints,  be  found  to  be  permanent  on  the 
recovery  of  the  patient. 

The  use  of  leeches  or  cupping  is  to  be  dispensed  with  if  possible,  especially  at 
first.  It  may  be  justly  objected  that  the  use  of  any  local  remedies  tends  to  disturb 
the  patient,  and  that  the  application  of  leeches  will  further  diminish  the  vitality  of 
parts  whose  nutrition  is  already  impaired.    But  I  am  convinced  that  the  use  of 
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four  or  six  leeches  about  the  fourth  or  6fth  day,  when  the  stage  of  traumatic 
myelitis  has  set  in,  applied  on  cither  side  of  the  seat  of  injury,  will  often  give 
marked  relief.  Their  use  at  this  time  is  especially  to  be  recommended  in  fracture- 
dislocation  of  the  lumbar  spine,  where  excessive  pain  1  is  complained  of.  In  this 
region,  owing  to  the  curving  forward  of  the  column,  leeches  are  more  easily  applied, 
and  the  skin  here  is  not  exposed  to  subsequent  pressure. 

No  delay  ought  ever  to  be  allowed  in  drawing  oft'  the  urine  by  the  introduction 
of  a  full-sized  catheter  into  the  bladder.  The  patient  may  not  have  passed  water  for 
several  preceding  hours ;  he  has  no  call  to  do  so ;  and  delay  will  be  attended  with 
injurious  over-distension  of  the  coats  of  the  bladder.  The  catheter  should  be  not 
only  full- sized,  but  it  should  be  a  flexible  one,  perfectly  smooth,  and  it  should  be 
passed  without  a  stilette.  The  penis,  if  not  actually  in  a  state  of  priapism,  very 
readily  becomes  (Edematous,  and  somewhat  pulpy  in  these  cases,  a  condition  in  which 
false  passages  are  very  readily  made.  By  dispensing  with  the  stilette  this  risk  will 
be  diminished,  but  this  precaution  has  the  further  advantage  of  enabling  the  surgeon 
to  see  at  once,  by  the  escape  of  urine  which  immediately  follows,  that  the  catheter 
has  entered  the  bladder,  and  needs  no  further  pushing  onwards.  I  prefer  the  use  of 
an  india-rubber  catheter,  which  is,  as  it  were,  to  be  wormed  into  the  bladder,  to 
all  other  instruments,  wherever  this  can  be  used.  Whatever  catheter  is  chosen,  it  is 
to  be  kept  perfectly  clean  and  sweet,2  reserved  for  the  patient  alone,  and  passed 
with  all  possible  care  and  gentleness.  The  first  time  haemorrhage  follows  its  use,  a 
false  passage  has  been  made,  and  one  more  source  of  danger  has  been  added  in  a  case 
where  the  patient  is  already  heavily  handicapped.  No  definite  rule  can  be  laid  down 
with  regard  to  stated  times  at  which  the  catheter  is  to  be  passed.  Three  or  four 
times  in  the  twenty-four  hours  may  be  sufficient,  but  this  must  depend  on  the  site  of 
the  fracture  and  the  state  of  the  centres  in  the  lumbar  enlargement  of  the  cord  (p.  G47) 
and  the  interval  which  has  elapsed  since  the  injury.  The  only  guides  are  the  disten- 
sion of  the  bladder,  and  the  state  of  the  urine.  When  the  time  comes  when  the 
neck  of  the  bladder  offers  no  resistance  to  the  escape  of  the  urine,  and  the  latter  con- 
tinually runs  off  as  water  from  an  over-filled  cask,  the  frequent  vise  of  the  catheter 
will  be  no  longer  required.  A  urinal  must  now  be  provided  for  the  patient,  and  due 
attention  paid  to  that  utensil,  lest,  owing  to  the  insensibility  of  the  parts,  it  be 
allowed  to  run  over,  or  be  upset.  If  the  urine  be  turbid  and  ammoniacal,  the 
bladder  should  be  washed  out  with  the  utmost  gentleness,  twice  daily.  Warm  water 
alone  at  the  temp,  of  100°  may  be  used,  or,  after  the  bladder  has  been  well  washed  out 
with  this,  one  of  the  following  injections  may  be  used — viz.  silver  nitrate  gr.  i.-aq. 
dest.  ^viij.,  and  gradually  increased  to  a  grain  to  the  ounce;  lead-acetate  gr.  i.-aq. 
dest.  ^iv. ;  where  the  urine  is  loaded  with  phosphatic  deposits,  dilute  nitric  acid  tt{j.— 
aq.  dest.  gj.  may  be  made  use  of;  where  the  urine  tends  to  become  offensive,  precau- 
tions are  especially  required  to  empty  the  bladder  completely,  and  a  few  drops  of 
carbolic  acid  or  some  potassium  permanganate  may  be  added  to  the  fluid.  Whatever 
injection  is  chosen,  it  should  be  gently  warmed,  thrown  in  with  the  utmost  care,  the 
strength  cautiously  increased,  and  not  more  than  three  or  four  ounces  thrown  in  at  a 
time.  The  washing  out  is  best  accomplished  by  a  soft  catheter  with  a  piece  of  tubing 
and  funnel  attached.  By  some  writers  the  use  of  the  mineral  acids  internally  has  been 
recommended  when  the  urine  is  alkaline.  These  may  be  beneficial  as  tonics,  but 
they  have  little  or  no  influence  upon  the  reaction  of  the  urine.  To  all  other  especial 
remedies  I  prefer  benzoic  acid,3  but  it  is  to  be  remembered  that  for  this  form  of 
cystitis  it  is  chiefly  local  treatment  that  is  required. 

1  For  a  case  of  fracture  of  the  dorso-himbar  spine  where  extensive  local  pain  was 
immediately  and  successfully  relieved  by  the  application  of  a  Sayre's  jacket,  see  below, 
p.  671,  and  Mr.  Berkeley  Hill's  paper,  din.  So".  Trans,  vol.  xiv.  p.  114. 

2  Traube,  Berl.  Klin.  Woch.  1864,  p.  19.  It  is  a  wise  precaution  to  use  carbolic  oil,  and 
the  catheter  should  be  kept  not  only  separate,  but  under  cover  of  some  kind. 

3  Some  such  combination  as  the  following:  Ammon.  benz.  gr.  xv. ;  sod.  hibor,  gr.  x. ; 
succ.  limon.  5j.;  aq.  cinnam.  ^j.  ;  4  tis.  hor.  I  first  learnt  the  value  of  the  above  from  my 
colleague,  Dr.  Galabin,  in  the  case  of  a  patient  on  whom  I  had  performed  ovariotomy,  and 
whose  convalescence  was  retarded  by  cystitis  and  a  tendency  to  phosphatic  deposits  due  to 
the  necessarily  prolonged  use  of  the  catheter. 
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My  colleague,  Mr.  Durham,  in  one  case  of  fractured  spine  in  which,  owing  to  the 
condition  of  the  penis,  the  passage  of  a  catheter  was  very  difficult  and  likely  to  be 
harmful,  performed  perineal  section,  with  the  result  of  giving  a  free  and  ready  outlet 
to  the  urine,  and  also  of  rendering  the  local  treatment  of  the  cystitis  by  injections 
more  easy.  The  patient  recovered.  Mr.  Durham's  suggestion  that  this  step  might 
with  advantage  be  made  use  of  more  frequently  is  a  valuable  one. 

The  following  case,  which  was  under  Mr.  Shaw's  care  in  the  Middlesex  Hospital, 
illustrates  one  of  the  sequelae  of  cystitis  when  this  condition  is  not  amenable  to  treat- 
ment. 

The  patient  had  fracture  of  one  of  the  dorsal  vertebrae,  and  complete  paraplegia,  from 
falling  off  a  tree.  With  difficulty  he  passed  through  the  dangers  of  extensive  sloughs  on 
his  nates  ;  and  after  surviving  for  eight  months,  appeared  to  be  recovering,  with  paralysis. 
For  the  greater  part  of  that  time  the  urine  flowed  continuously  into  a  urinal,  and  the 
catheter  was  not  used.  Eventually,  the  urine  became  turbid  and  fetid ;  and  the  patient 
died  with  symptoms  of  aggravated  disease  in  the  bladder.  At  the  post-mortem  examination, 
five  phosphatic  calculi,  each  about  the  size  of  a  pigeon's  egg,  but  of  irregular,  angular  shape, 
and  surrounded  with  mucus,  were  found  collected  closely  together  in  the  lower  fundus  of  the 
bladder,  the  internal  coat  of  which  was  discoloured  and  shreddy.  Calculi  of  the  same  kind 
were  impacted  in  the  calices,  and  contained  loosely,  in  the  pelvis  of  both  kidneys.  In  this 
case,  pain,  which  is  generally  the  most  prominent  symptom  of  stone  in  the  bladder,  had  been 
absent.  Again,  owing  to  the  patient  having  been  confined  to  bed,  and  the  detrusor  urinae  having 
ceased  to  contract,  the  calculi  were  not  subjected  to  a  rolling  motion  ;'they  did  not  acquire, 
therefore,  the  smooth,  rounded  form,  characteristic  of  urinary  calculi.  It  is  probable  that  the 
inflammation  which  supervened  at  last  was  occasioned  by  the  stones  having  gradually  become 
so  large  that,  they  reached  above  the  level  of  the  orifice  of  the  bladder,  blocked  it  up,  and  so 
obstructed  the  How  of  urine. 

In  the  collection  of  calculi  in  the  Hunterian  Museum  is  an  enormous  one 
(H2)  which  appears  to  have  originated  in  disease  of  the  bladder  due  to  fracture  of 
the  spine.  It  weighs  44  oz.  Troy,  and  measures  16  in.  x  14  in.  It  is  made  up  of  triple 
phosphate  of  ammonia  and  magnesia,  with  phosphate  of  lime  and  a  large  quantity  of 
animal  matter.  The  patient,  an  officer  in  the  Scotch  Greys,  aet  23,  while  crossing 
the  ferry  at  Leith,  received  a  blow  on  the  back  from  the  boom  of  the  vessel,  which 
paralysed  the  pelvis  and  lower  extremities.  For  two  months  he  was  obliged  to  have 
his  water  drawn  off,  and  for  fourteen  he  remained  in  the  horizontal  position,  and 
though  he  recovered  the  use  of  his  bladder  and  limbs  sufficiently  to  be  able  to  walk 
across  the  room  with  crutches,  and  also  to  ride,  when  placed  on  a  low  easy  horse,  the 
limbs  regained  little  additional  strength  or  power.  About  twenty  years  after  the  acci- 
dent a  stone  was  felt  by  Mr.  B.  Bell  at  Edinburgh.  Extraction  was  recommended,  but 
postponed.  Spasmodic  pain  and  bladder-irritation  increased  steadily,  and  thirty  years 
after  the  accident  an  attempt  was  made  by  Mr.  Cline  to  remove  the  stone,  which  at 
this  time  could  be  felt  as  a  prominent  tumour  above  the  pubes,  it  being  impossible 
to  pass  a  sound  into  the  bladder.  In  the  hope  that  the  stone  could  be  taken  away 
piecemeal,  the  lateral  operation  was  performed  ;  but  though  enough  was  removed  to 
fill  a  large  teacup,  the  main  mass  remained  immovable.  Peritonitis  set  in  on  the 
third  day,  and  the  patient,  who  previous  to  the  operation  was  almost  worn  out  by 
suffering,  sank  on  the  tenth. 

With  reference  to  the  state  of  the  bowels,  whether  there  be  retention  or 
incontinence  of  faeces  will  depend  on  the  site  of  the  fracture,  the  condition  of  the 
reflex  centres  in  the  lumbar  enlargement,  &c.  (p.  651).  Owing  to  concussion, 
retention  is  usually  present  at  first ;  after  a  few  days,  if  the  fracture  is  above 
the  lumbar  enlargement,  a  reflex  discharge  of  faeces  takes  place  at  irregular 
intervals.  Owing  to  the  length  of  these  intervals,  and  the  absolute  rest  to  which  the 
patient  is  subjected,  scybalous  masses  can  often  be  felt  collected  in  the  colon.  When 
purgatives  are  required,  it  will  often  be  well  to  combine  them,  on  account  of  the 
tympanites  which  is  often  present,  with  stimulant  carminatives,  such  as  tr.  capsc.  ni  x.  ; 
sp.  ammon.  arom.  5j. ;  ol.  cajeput  ;  and  the  same  practice  may  be  pursued  if  pills 
are  preferred.  The  case  quoted  at  p.  664  shows  that  when  a  patient  has  recovered 
from  a  fracture-dislocation  of  his  spine,  though  voluntary  control  is  never  regained, 
the  inconvenience  resulting  from  the  involuntary  passage  of  the  motions  becomes 
much  abated,  not  only  owing  to  the  long  intervals  at  which  they  are  discharged,  but 
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also  from  certain  peculiar  warnings,  headache,  &c,  which  foretell  of  the  impending 
evacuation.  In  cases  where  the  incontinence  is  more  frequent,  the  utmost  attention 
and  thoughtfulness  will  be  required  of  the  nurse  for  the  prevention  of  bed-sores. 
The  acute  form  of  bed-sore  (Decubitus  acutus,  ominosus)  has  already  been  alluded 
to  (p.  656).  It  remains  to  consider  here  that  other  form  which  is  of  less  rapid  onset, 
and  which  is  more  distinctly  due  to  pressure. 

The  common  situations  for  these  sores  are — 1,  the  skin  over  the  most  prominent 
part  of  the  convexity  of  the  sacrum  ;  2,  that  over  the  tuberosities  of  the  ossa  ischii ; 
3,  the  skin  over  the  greater  trochanters. 

The  first  sign  of  a  slough  beginning  is  that  a  patch,  previously  red,  now  presents  a 
white,  sodden  appearance ;  it  then  becomes  brown  and  mottled,  and  the  cuticle  separates. 
In  a  short  time,  a  patch  in  the  centre  turns  black  ;  the  skin  is  then  disintegrated,  and 
ere  long  becomes  pulpy  and  shreddy.  The  sloughing  extends  from  the  circumference 
indefinitely.  If  it  stop  anywhere,  a  line  of  demarcation  will  be  observed.  In  some 
cases  the  destructive  process  is  carried  so  deeply  as  to  involve  the  muscles.  After 
the  slough  has  become  detached,  it  is  not  uncommon  to  find  the  part  of  the  sacrum 
over  which  it  was  formed  in  a  necrosed  condition.  The  vertebral  canal  has  been 
opened  in  such  circumstances,  causing  inflammation  to  spread  to  the  membranes  of 
the  cord.1 

In  accounting  for  the  obstinacy  and  rapidity  with  which  these  sores  extend,  the 
peculiar  circumstances  under  which  a  patient  suffering  from  the  effects  of  fracture 
of  the  spine  is  placed  have  to  be  taken  into  consideration.  When  a  man  has 
had  his  back  broken,  nothing  is  ever  seen  in  the  living  body  equal  to  the  per- 
manent fixedness  of  his  hips  and  legs  in  the  exact  position  in  which  they  had  been 
originally  placed  when  he  was  first  put  upon  his  bed.  There  are  three  distinct 
causes  for  this  absolute  immobility.  The  most  obvious  one  is  the  patient's  want  of 
command  over  the  muscles  of  the  paralysed  parts.  The  second  is,  that,  from  being 
deprived  of  sensation,  the  patient  is  unconscious  of  pain  or  irksomeness  from 
always  retaining  the  same  position  :  he,  therefore,  does  not  desire  change,  or  ask 
his  attendant  to  shift  his  position.  Thirdly,  the  fracture  of  the  spine  itself  is  a 
cause  of  his  inability  to  move ;  he  may  possess  sufficient  strength  in  his  arms  for 
lifting  or  turning  himself;  but  as  the  beam  that  connects  the  upper  with  the  lower 
part  of  his  frame  has  been  broken,  his  efforts  will  be  abortive ;  and  if  his  nurse 
attempt  to  help  him,  the  pain  and  additional  injury  to  the  part  will  make  her  desist. 
Accordingly,  the  patient  continues  lying — quite  indifferent  to,  or  ignorant  of,  the  bad 
consequences — in  one  settled  position  all  day,  and  all  night,  perhaps,  for  several  days 
consecutively.  Hence,  the  whole  weight  of  his  hips  will  press  with  concentrated 
force  on  the  integument  which  covers  the  most  projecting  points  of  his  pelvis.  The 
skin  overlying  the  superficial,  convex,  and  irregular  surface  of  the  sacrum  receives 
the  principal  pressure.  That  compression  interrupts  the  circulation ;  the  blood 
which  ought  to  go  to  the  part  is  prevented;  that  which  ought  to  be  there  is  squeezed 
out ;  the  vessels  are  tenantless.  An  additional  evil  remains  :  it  is  almost  impossible, 
with  the  greatest  care,  to  prevent  a  small  quantity  of  urine  from  trickling  into  the 
bed-clothes ;  besides  that,  in  spite  of  every  attention,  liquid  fasces  lodge  about  the 
anus,  and  are  mixed  with  the  urine ;  the  skin  of  the  nates  becomes  macerated 
in  that  noisome  mess,  the  acrid  fluid  acting  upon  his  sodden  tissues  like  a  caustic. 
It  is  not  surprising,  therefore,  that,  by  the  combination  of  an  uninterrupted, 
inelastic,  dead  pressure  of  the  skin  against  the  sacrum,  with  the  irritating  in- 
fluence of  the  wet  bed-clothes,  a  portion  of  it  should  soon  be  converted  into  a  slough. 
The  subject  is  illustrated  by  observing  the  difference  in  the  effects  when  the  spine 
has  become  united.  As  soon  as  the  consolidation  of  the  column  has  taken  place,  the 
sloughs  separate,  and  the  sores  fill  up  with  granulations,  and  cicatrise,  although 
there  be  no  amendment  whatever  in  regard  to  motor  power  or  sensation.  Now  that 
improvement  is  to  be  ascribed  to  the  opportunity  afforded  of  turning  the  patient's 
body  frequently,  and  performing  the  various  offices  of  nursing  more  effectively  than 

1  A  case  of  this  kind  is  described  by  Mr.  Hilton,  who  also  6gures  a  preparation  illustrat- 
ing this  important  fact  (Rest  mid  Pain,  3rd  ed.  p.  d70,  tig.  73). 
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before,  owing  to  the  union  of  the  fracture.  The  same  is  witnessed  in  persons 
affected  with  caries  of  the  spine  when  anchylosis  has  taken  place ;  in  these  cases,  by 
moderate  attention  to  nursing,  sloughs  or  bed-sores  may  be  easily  averted,  or  healed 
up  if  already  formed. 

In  order  to  prevent  the  formation  of  sloughs,  or  to  promote  their  cure,  the  chief 
objects  are,  first,  to  remove  pressure  ;  secondly,  to  insure  cleanliness.  The  main 
obstacle  to  gaining  these  two  ends,  at  the  commencement  of  the  treatment,  is  the 
injury  committed  on  the  fractured  portion  of  the  spine,  by  moving  the  patient's 
body:  every  time  that  is  done,  a  jar  is  communicated  to  the  broken  surfaces:  a 
grinding  of  one  upon  the  other  takes  place;  pain  and  inflammation  are  excited  ;  and 
the  process  of  union  is  interrupted.  Yet,  without  frequently  turning  and  lifting  the 
patient,  it  is  impracticable  to  ward  off  pressure,  or  keep  the  hips  clean  and  dry.  It 
being  required,  therefore,  that  the  position  of  the  hips  should  be  often  changed,  the 
attendants  ought  to  be  instructed  how  to  accomplish  it  with  the  least  danger. 
Small  pillows  ought  to  be  gently  insinuated,  at  different  times,  under  the  hips. 
"When  compelled  to  turn  the  patient  round  on  one  side,  care  should  be  taken 
that  the  shoulders  and  upper  part  of  the  body  are  rotated,  at  the  same  time,  in  a 
corresponding  degree  with  the  hips.  This  may  be  rendered  easier  and  more  painless 
by  following  out  the  practice  long  ago  recommended  by  Mr.  Wormald  at  St.  Bar- 
tholomew's, viz.  the  placing  a  softened  sheet  of  gutta-percha  beneath  the  patient  and 
moulding  this  into  a  splint.  Where  the  fracture  is  above  the  lower  dorsal  vertebra?, 
this  should  be  carried  as  high  as  the  head,  embracing  the  mastoid  processes  and  oc- 
ciput so  as  to  more  thoroughly  secure  the  parts.  The  splint,  which  may  at  first  be 
secured  with  a  roller,  should  be  well  lined  with  cotton-wool,  and  a  hole  cut  oppo- 
site to  any  projecting  spine.  In  fracture-dislocation  low  down,  as  in  the  dorso- 
lumbar  and  lumbar  spine,  the  same  end  may  perhaps  be  better  obtained  by  the  use  of 
the  Sayre's  jacket  (vid.  infr.)  Such  forms  of  support  not  only  allow  of  more  easy 
and  painless  shifting  of  the  patient,  but  they  protect  the  skin  from  the  chafing  of 
wet  bed-clothes. 

Where  they  cannot  be  made  use  of,  and  it  is  feared  that  the  skin  may  become 
sore,  repeated  painting  with  collodion  will  be  beneficial,  or  the  skin  may  be  rendered 
tougher  by  the  application  of  spirit  lotion  or  brandy  diluted  with  glycerine  and  water, 
care  being  taken  that  these  are  applied  most  gently,  and  that  the  surface  is  on  each 
occasion  left  dry.  From  the  position  of  the  patient,  the  use  of  these  remedies  will  be 
much  limited.  More  advantage  will  be  gained  by  ring-pillows  being  placed  under 
the  hips,  so  that  the  central  hole  may  come  opposite  the  sacrum,  and  the  weight  fall  on 
the  fleshy  parts  on  each  side.  Or  a  plaster  spread  on  thick  material  (as  two  layers  of 
wash-leather,  including  between  them  a  layer  of  felt,  or  amadou)  with  a  hole  cut  out 
in  the  centre,  may  be  applied  to  the  part  which  it  is  desired  to  defend.  Lastly,  the 
india-rubber  water-pillow,  of  a  size  adajjted  to  the  hips,  and  containing  a  little  air  as 
well  as  water,  may  be  used  with  advantage.  For  keeping  the  bed-clothes  dry,  frequent 
changing  of  the  draw-sheet  is  the  chief  resource  ;  but  an  additional  measur  e  may  be 
resorted  to — thus  if  the  patient's  thighs  be  kept  apart,  and  the  knees  slightly  elevated 
on  a  pillow,  a  large  porous  sponge,  or  some  tow,  wrapped  loosely  round  with  gutta- 
percha, may  be  inserted  deeply  in  the  perineum  ;  the  excretions  will  thereby  be 
caught,  and  be  readily  removed.  Where  the  skin  is  becoming  reddened  it  may  be 
painted  with  a  solution  of  silver-nitrate  (gr.  v.-aq.  ^j.),  but  removal  of  pressure  will 
alone  be  of  benefit  where  a  sore  has  actually  begun  to  form.  If  it  be  impossible  to 
arrest  this,  balsam  of  Peru,  either  alone  or  with  boracic  acid  or  zinc  ointment,  will 
be  found  useful.  Where  sloughs  are  extensive  or  deep,  their  separation  may  be 
hastened  by  chlorinated  poultices,  or  those  of  equal  parts  of  linseed  meal  and 
yeast.  These  are  only  to  be  applied  to  the  sloughing  surface,  and  not  allowed 
to  remain  when  in  a  cold  and  caked  condition.  As  soon  as  the  sloughs  are 
loosened,  they  may  be  detached  by  careful  daily  clipping  with  scissors.  The 
resulting  ulcers  may  be  dressed  with  Peruvian  balsam  and  boracic  acid  ointment, 
resin  ointment,  carbolic  acid  oil,  &c.  None  of  the  above  however  will  have  any 
effect  as  long  as  pressure  on  the  part  is  allowed  to  remain,  and  nothing  is  likely  to  be 
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so  successful  in  the  prevention  of  bed-sores  as  periodical,  systematic  inspection  by  the 
surgeon  himself.  Where  the  case  has  been  long  under  treatment,  as  many  of  these 
must  be,  exfoliation  of  the  epidermis  will  be  noticed,  and,  as  might  be  expected  in 
patients  who  have  been  long  in  hospital  air,  or  a  confined  room,  attacks  of  erysipelas, 
usually  originating  about  a  bed-sore,  are  not  uncommon. 

The  application  of  Professor  Sayre's  plaster  of  Paris  jackets  has  already  been  alluded 
to.  This  method  of  treating  fractured  spine  will  be  found  chiefly  useful  in  the 
later  stages  of  treatment  of  fracture  of  the  dorso- lumbal-  and  lumbar  spine.  If  made 
use  of  within  the  first  two  weeks  of  the  injury,  there  must  always  be  a  risk  of  pres- 
sure-sores taking  place  beneath  the  jacket.  These  sores  might  in  all  probability  have 
occurred  in  any  case,  but  they  are  liable  to  be  increased  both  in  depth  and  extent 
by  the  pressure  of  the  recumbent  body  on  the  plaster  of  Paris,  and,  if  once  they  form, 
the  retention  of  foul  material  beneath  the  jacket  will  be  a  source  of  discomfort,  if 
not  of  danger.  The  above  refers  to  cases  of  fractured  spine  with  severe  injury  to 
the  cord  j  but  where,  from  absence  of  any  signs  of  paralysis  in  the  lower  extremities, 
bladder,  &c,  there  is  reason  to  hope  that  the  cord  has  escaped,  the  jacket  may  be 
applied  with  benefit  at  an  earlier  stage.  It  will  be  seen  that  this  was  the  case  in 
most  of  the  instances  quoted  or  alluded  to  below  in  which  the  jacket  was  successfully 
employed. 

Where  the  surgeon  has  reason  to  believe  that  he  is  dealing  with  a  fracture  of  the 
spine  in  which  the  cord  has  escaped  material  damage,  he  may  put  on  the  jacket  with 
his  patient  supported  or  suspended  in  the  vertical  position ;  but  where,  on  the  other 
hand,  the  cord  is  evidently  much  injured,  the  patient  had  much  better  be  in  the 
horizontal  position  when  the  jacket  is  applied.  It  will  be  wis3r  to  leave  some  per- 
manent deformity  and  shortening  than  to  run  the  risk  of  setting  up,  by  suspension 
of  the  patient,  fresh  inflammatory  mischief  in  a  cord  originally  much  damaged,  or  in 
one  of  which  the  severed  ends  have  become  adherent  to  the  fractured  vertebrae 
(fig.  93). 

The  following  are  methods  of  applying  the  plaster  of  Paris  jacket  with  the  patient 
in  the  recumbent  position,  which  will  be  found  useful  in  the  treatment  of  fractured 
spine. 

Dr.  Walker,  of  Peterborough,1  uses  the  ordinary  vest  and  muslin  2  bandages, 
but,  finding  that  plaster  of  Paris  mixed  with  water  alone  sets  too  quickly,  he  has 
added  gum  in  the  following  proportions  :  freshly  baked  plaster  1  lb.,  mucilage  of 
gum  acacia  ^j.,3  water  ^  viij.  A  bed  or  table  being  then  prepared  with  folded  blankets, 
mackintosh,  and  a  few  sheets  of  paper,  the  measurements  of  the  patient's  trunk  from 
the  axillae  to  half  an  inch  below  the  superior  iliac  spines  are  marked  upon  the  paper. 
Slips  of  bandage,  sufficiently  long  to  wrap  round  the  patient's  back,  meet  in  front,  and 
fold  over  for  a  few  inches,  are  then  steeped  in  the  plaster  mixed  as  above,  and  laid 
across  the  bed  between  the  above  measurements,  each  slip  overlapping  two-thirds 
of  that  already  laid  down.  In  order  to  get  sufficient  strength,  each  slip  when  cut 
off  should  consist  of  three  layers  or  folds  of  muslin,  and,  when  the  lower  of 
the  above  measurements  upon  the  paper  are  reached,  the  process  is  repeated  from 
below  upwards  with  fresh  bandages,  thus  producing  a  thickness  of  six  folds.  The 
patient,  clothed  in  the  vest,  is  then  laid  down  on  the  slips  of  bandage  which  are 
crossed  tightly  over  the  chest,  a  few  extra  slips  of  well-charged  bandage  being,  if 
need  be,  added  vertically  or  horizontally,  and  the  whole  smoothed  over  with  wet 
plaster. 

Dr.  Miller,  of  Dundee,'*  has  described  a  modification  of  the  above  method,  as  he 
finds  that,  even  with  the  gum,  the  plaster  sets  too  quickly. 

Mr.  R.  Davy  5  has  recommended  that  plasjber  of  Paris  jackets  should  be  applied, 
in  cases  of  spinal  caries,  after  slinging  the  patients  in  hammocks  of  canvas  or  stout 
linen.    The  advantages  claimed  for  this  method  are  that  the  risks  of  suspension  are 

1  Brit.  Med.  Journ.  March  1,  1879.  2  That  known  as  Victoria  lawn  is  the  best. 

3  That  is,  if  anything,  a  minimum  of  gum  ;  care  should  be  taken  that  the  niucijage  is 
sufficiently  thick. 

4  Brit.  Med.  Journ.  Noy.  8, 18/9,  5  Ibid.  June  26j  1880> 
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avoided ;  that  sufficient  strength  is  given  to  the  jacket,  without  needless  weight  of 
plaster  of  Paris ;  that  the  method  of  application  is  easy  to  the  surgeon  and  comfort- 
able to  the  patient. 

Whether  any  of  the  above  methods,  or  that  employed  by  Mr.  B.  Hill  (vide  infr.), 
be  employed  in  the  after-treatment  of  fractured  spine,  it  is  essential  that  the  jacket 
should  be  brought  well  below  the  crests  of  the  ilium,  so  as  to  ensure  a  firm  and 
unshifting  base  of  support. 

The  following  are  some  of  the  cases  in  which  the  plaster  of  Paris  jacket  has  been 
applied  with  success  in  the  treatment  of  fractured  spine. 

J.  R.1  fell  about  twenty  feet  through  the  gap  of  a  lift,  ou  December  1,  1880.  When 
brought  to  University  College  Hospital  considerable  prominence  of  the  spinous  processes  was 
found  from  the  tenth  dorsal  to  the  second  or  third  lumbar  vertebra.  These  projections  were 
surrounded  by  a  large,  oval,  fluctuating  swelling,  which  occupied  the  vertebral  grooves  for 
some  distance.  On  pressing  the  finders  through  this  swelling,  two  spines  could  be  felt  to  be 
slightly  movable.  The  day  after  the  accident  the  patient  could  pass  urine  naturally  and 
move  all  his  limbs  if  desired,  though  any  attempt  greatly  increased  his  pain.  The  slightest 
examination  of  the  back  was  loudly  complained  of.  About  thirty  hours  after  the  accident 
the  patient  was  encased  in  a  Sayre's  jacket.  To  do  this  he  was  lifted  in  a  sheet  from  the 
bed  on  to  a  horizontal  table,  which,  swinging  at  its  centre  like  a  toilet  looking-glass,  could  be 
changed  to  a  vertical  position.  The  patient  was  thus  slung  in  the  suspender  by  his  head 
and  shoulders,  without  any  jar  or  jolt  to  his  trunk.  Though  this  alteration  of  position  was 
made  as  steadily  and  gently  as  possible,  the  patient's  outcries  were  continuous,  until  the 
plaster  j acket  had  set  somewhat.  He  was  then  replaced  on  the  swinging-table,  lying  on  au 
air-bed  untd  the  plaster  had  thoroughly  set.  The  removal  to  bed  was  then  submitted  to 
without  any  complaint  of  pain.  Three  days  after  he  could  roll  himself  from  side  to  side 
in  bed  without  the  slightest  pain.  On  December  4th  the  patient  complained  of  sharp  pain  on 
the  dorsum  of  the  left  foot.  On  the  5th  he  had  lost  nearly  all  power  of  moving  the  left 
lower  extremity.  The  control  over  the  left  lower  limb  was  regained  in  two  days  completely, 
and  the  hyperesthesia  on  the  dorsum  of  the  left  foot  disappeared.  There  were  no  more  symp- 
toms of  nervous  irritation  after  this.  Seven  weeks  after  the  accident  the  patient  was  allowed 
to  go  about  the  ward,  the  jacket  having  been  removed.  February  24th  it  was  noted  that  he 
could  walk  two  or  three  miles  without  fatigue.  The  evidence  of  the  fracture  and  displacement 
of  parts  of  the  lower  dorsal  and  upper  lumbar  vertebra;  was  easily  detected  now  that  the  swell- 
ing of  the  soft  parts  had  subsided.  The  spines  of  the  eleventh  dorsal  and  first  lumbar  were 
evidently  unnaturally  prominent,  while  in  the  right  vertebral  groove  the  displaced  laminae  of 
these  vertebrae  could  be  felt  tirmly  fixed  almost  immediately  under  the  skin.  Certainly  these 
laruinae  were  broken,  as  shown  hy  the  mobility  of  the  spines  after  the  accident,  and  from 
the  abnormal  position  those  processes  now  had.  Probably  also  the  bodies  of  one  or  mere 
vertebras  were  crushed  together,  from  the  angular  projections  of  the  spines. 

Mr.  Cardew  has  reported  2  the  following  case.  It  is  of  great  interest,  owing  to 
the  evidence  of  injury  to  the  spinal  cord. 

M.  K.,  while  sitting  on  the  ground  working,  was  crushed  by  the  fall  of  the  doors  of  a 
shed  weighing  half  a  ton.  On  admission  into  the  Cheltenham  General  Hospital,  anaes- 
thesia was  found  in  the  left  lower  limb  from  the  hip  downwards,  and  in  the  right  below 
the  base.  Reflex  movements  could  be  obtained  in  both  legs  on  tickling  the  soles  of  the 
feet,  but  the  patient  was  unable  to  move  them  voluntarily.  He  was  also  unable  to  retain 
urine  or  feces.  Two  weeks  after  the  accident  a  Sayre's  plaster  jacket  was  put  on.  With  the 
assistance  of  two  porters  and  a  nurse,  the  patient  was  held  upright,  the  porters  grasping 
him  under  the  axilhe,  ar,d  the  nurse  taking  the  weight  of  the  head  by  placing  one  hand 
under  the  chin  and  the  other  under  the  occiput.    The  case  was  completed  and  hard  in 


1  This  case,  under  the  care  of  Mr.  Berkeley  Hill,  will  he  found  reported  in  the  Clin.  Sot: 
Trans,  vol.  xiv.  p.  144.  With  regard  to  the  early  application  of  the  jacket,  it  is  to  be  noted 
that,  in  spite  of  the  severity  of  the  accident,  the  cord  seems  to  have  here  escaped  material 
injury. 

2  Brit.  Med.  Joitrn.  June  24,  1882.  Mr.  Cardew  also  records  a  case  of  fracture  of  the 
spinous  process  of  the  tenth  dorsal  vertebra,  in  which  pain  was  an  obstinate  symptom  for 
six  weeks.  A  plaster  of  Paris  jacket  was  then  applied  without  extension.  The  pain  dis- 
appeared in  a  few  days,  and  the  man  was  able  to  leave  the  hospital  two  weeks  after  the 
application  of  the  jacket.  He  recovered  completely,  being  ultimately  able  to  resume  his 
ordinary  occupation,  that  of  a  bla°ksmith.  Mr.  Cardew  suggests  that  in  extensive  fractures 
of  the  spine  the  principle  of  the  Sayre's  jacket  may  still  be  carried  out,  though  the  method 
niav  have  to  be  modified.  In  such  cases  the  application  of  a  jacket,  after  the  Bavarian  plan 
of  enca.-ing  a  fractured  leg,  may  very  well  be  adopted.  Mr.  Cardew  points  out  that  this 
can  be  carried  out  without  any  serious  amount  of  movement  of  the  patient,  as  it  is  only 
necessary  to  roll  him  from  his  back  to  his  side  during  the  application. 


TREPHINING  THE  SPINE. 


673 


fifteen  minutes,  and  the  patient  appeared  none  the  worse  for  the  exertion.  From  this 
time  the  pain  gradually  disappeared  in  his  back,  and  power  began  to  return  in  the  legs, 
rectum,  and  bladder.  The  patient  was  ordered  to  sit  up  on  the  fifth  day  after  the  case  was 
put  on,  and  in  a  day  or  two  after  he  began  to  walk  with  assistance.  In  fourteen  days  all 
paralysis  had  disappeared  except  a  slight  dragging  of  the  left  leg,  which  remained  for  up- 
wards of  twelve  months.  Every  two  or  three  months  a  new  case  was  put  on.  The  treat- 
ment extended  over  eighteen  months.  A  large  hard  mass  of  callus  formed  around  the 
spinous  processes  of  the  lower  dorsal  region,  forming  a  distinct  prominence.  The  man  is 
now  working  as  a  common  labourer  in  the  same  works  where  he  received  his  accident, 
and  is  able  to  do  fairly  hard  work. 

Prof.  Konig,  of  Gottingen,  records  1  three  cases  in  which  he  made  use  of  the  plaster 
jacket.  One  of  these,  a  case  complicated  with  severe  injury  to  the  ribs  and  hsemo- 
pneumo-thorax,  was  still  under  treatment  when  the  reportwas  sent  in  to  the  '  Central- 
blatt.'  The  following  are  abstracts  of  the  other  two  cases ;  in  neither  does  the  injury  to 
the  cord  appear  to  have  been  very  severe.  Dr.  Konig  seems  to  have  suspended  all 
his  cases. 

A  builder,  set.  20,  fell  two  stories,  on  August  14th,  and  received  a  fracture  of  the  eighth 
dorsal  vertebra.  Symptoms  of  loss  of  sensation  and  motor  paralysis  were  present.  August 
16th,  a  jacket  was  applied,  in  which  the  patient  was  kept  lj'ing  down  for  three  weeks.  He 
went  out  well. 

A  builder,  set.  18,  fell  forty  feet,  on  October  21st,  coming  down  on  his  feet  and  fracturing 
the  first  lumbar  vertebra.  Extreme  pain  was  experienced  in  the  back,  with  formications  in 
the  lower  extremities.  October  22nd,  a  jacket  was  applied,  and  the  nervous  symptoms 
vanished  the  next  day.    November  29th,  the  jacket  was  removed. 

Prof.  Konig  considers  that  the  use  of  the  jacket  promotes  the  quick  union  of  the 
fracture,  without  deformity  or  spinal  symptoms. 

Dr.  W.  "Wagner  2  has  also  recorded  two  cases,  in  both  of  which  the  paralysis  was 
incomplete.    The  following  is  the  one  of  most  interest. 

A  miner,  set.  25,  was  crushed  when  in  the  stooping  position.  Prominence  and  tenderness 
were  present  over  the  tenth  dorsal  vertebra.  A  jacket  was  applied  twenty-four  hours  after 
the  injury,  but  appears  to  have  been  only  worn  for  twenty -four  hours.  At  this  time  the 
urine  had  to  be  drawn  off  and  there  was  no  feeling  in  the  legs.  Four  weeks  after  the 
injury,  there  being  still  pain  at  the  site  of  fracture,  a  new  jacket  was  applied.  This  was 
removed  at  the  end  of  three  months,  and  the  man  went  out,  walking  without  a  stick,  and 
with  very  little  deformity. 

Trephining  the  spine. — The  object  of  this  operation  is  to  elevate  or  remove  any 
fragments  of  bone  that  may  project  into  the  vertebral  canal  and  compress  the  cord. 

The  operation  has  obviously  been  suggested  by  the  analogous  one  performed  on  the 
skull ; 3  but  the  analogy  between  the  two  is,  for  several  reasons,  a  deceptive  one,  since, 
owing  to  the  small  size  of  the  cord,  an  injury  which  would  only  injure  the  brain  to  a 
slight  degree,  almost  inevitably  destroys  the  structure  of  the  cord  throughout  its 
thickness.  Again,  it  must  be  remembered  that  a  fragment  of  bone  often  inflicts  injury 
upon  the  cord  instantaneously  and  in  a  moment,  and  that  irrevocable  damage  may 
be  done,  though  all  deformity  may  be  removed  by  raising  and  straightening  the 
patient,  and  by  the  elasticity  of  the  bones  and  by  the  contraction  of  the  muscles.  It 
has  also  been  shown  (p.  641)  that  the  cord  itself  may  be  most  severely  damaged, 
though  its  theca  shows  no  sign  of  injury. 

In  the  skull  trephining  may  be  expected  to  meet  with  success  when  the  fracture 
is  the  result  of  direct  violence  from  a  small  body  moving  at  a  high  rate  of  velocity, 

1  Centralb.  fiir  Chir.  1880,  p.  97  ((Der  Thoraxgipsverband  bei  Frakturen  der  Wirbel- 
saule.'    The  report  is  a  brief  one). 

2  Centralb.  fiir  Chir.  1880,  p.  737  ('  Zur  Behandlung  der  Frakturen  der  Wirbelsaule 
mit  dem  Sayre'schen  Gipskorsett '). 

3  Thus  in  a  clinical  lecture  given  by  the  younger  Cline  in  the  year  1815,  while  explaining 
the  reasons  that  had  induced  him  to  perform  this  operation,  and  the  grounds  upon  which  he 
hoped  for  success,  he  said  that  he  considered  that  'in  fracture,  with  displacement,  of 
the  vertebrae  which  compressed  the  spinal  cord,  this  great  nervous  cord  was  under  precisely 
the  same  circumstances  as  the  brain  when  pressed  by  fractured  skull,  and  that,  therefore,  as 
the  elevation  of  the  pressing  bone  was  indicated  in  the  latter  case,  and  often  effected  with 
success,  so  was  it  equally  called  for  in  the  former,  and  that  no  positive  reason  could  exist 
why  the  operation  should  not  be  successful,  provided  the  injury  of  the  spinal  cord  itself  were 
not  great,  a  condition  which,  as  regarded  the  brain,  would  equally  forbid  operation,  or  render 
its  success  improbable  or  impossible.' 
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e.y.  a  stone  or  hammer,  and  the  violence  being  concentrated  upon  a  limited  portion 
of  the  skull.  But  fracture  of  the  spine  presents  no  analogy  here.  As  pointed  out 
before  (p.  639),  fracture  of  the  spine  is  usually  due  to  indirect  violence,  as  when  the 
neck  is  broken  by  a  fall  upon  the  head,  or  when  the  lower  dorsal  spine  is  fractured 
by  the  fall  of  a  sack  upon  the  shoulders.  Even  where  the  fracture  is  due  to  direct 
violence,  it  is  of  an  entirely  different  nature  to  that  for  which  the  surgeon  hopes  to 
trephine  successfully  in  the  skull,  and  one  far  more  likely  to  produce  extensive  and 
crushing  damage,  e.g.  the  fall  of  coal  or  earth,  or  a  fall  fiom  a  height  upon  a  project- 
ing body. 

Again,  when  the  surgeon  trephines  the  skull,  he  not  only  hopes  that  the  damage 
which  the  brain  has  received  is  slight  and  of  a  temporary  nature,  but  he  also  believes 
that  the  only  damage  to  the  bones  is  that  which  lies  close  to  his  trephine  and  finger. 
But  with  the  spine  we  are  faced  by  this  dilemma.  If  the  fracture  has  been  from 
direct  violence,  and  the  spinous  processes  and  the  laminae  have  been  driven  in,  it  is 
only  too  probable  that  when  these  are  elevated  the  spinal  cord  will  be  found  too 
much  damaged  to  profit  by  the  operation.  On  the  other  hand,  if  the  fracture  has 
been  caused  by  indirect  violence,  it  is  almost  certain  that  the  bodies  of  one  or  more 
vertebrae  will  have  been  crushed  down,  and  a  portion  of  one  of  these  will  be  found  shot 
back  into  the  canal  (figs.  93,  94).  In  this  case  the  fragment  which  has  inflicted  the 
injury,  and  which  is  keeping  up  the  irritation,  will  be  in  front  of  the  cord  and  out 
of  reach,  even  if  the  cord  were  in  a  condition  to  be  much  benefited  by  its  removal.1 
A  surgeon  trephining  the  spine  under  these  circumstances  would  be  like  one  who 
trephined  the  skull  in  order  to  remove  depressed  fragments  of  the  vertex,  when  all 
the  time  a  portion  of  the  base  of  the  skull  was  lying  jammed  into  the  under  surface 
of  the  brain.2 

It  having  been  shown  how  misleading  is  any  analogy  between  the  two  operations 
of  trephining  the  skull  and  spine,  it  remains  to  point  out  that  trephining  the  skull  is 
not  only  likely  to  be  void  of  any  good  results,  but  that  it  also  involves  serious  risks 
and  entails  additional  dangers  of  its  own. 

In  fracture  of  the  skull  requiring  the  trephine,  the  surgeon  has  to  cut  through 
the  scalp  only,  in  order  to  reach  the  depressed  fragment.  In  fracture  of  the  spine, 
he  will  be  obliged  to  make  a  deep  incision,  in  the  line  of  the  spinous  processes,  not 
less  than  four  or  five  inches  long,  through  skin  and  muscles — to  clear  the  trough  of 
the  spine  of  its  tendons  and  muscular  fibres — and  to  break  up  the  posterior  arches 
of  the  vertebrae  at  the  seat  of  fracture,  by  means  of  trephine,  saws,  bone-forceps,  and 
elevators.  When  he  has  forcibly  detached  the  spinous  processes  and  lamina3,  and 
exposed  the  cord  and  sheath  within  the  vertebral  canal,  he  will  probably  learn  that 
the  fragment  of  bone  chiefly  concerned  in  compressing  the  cord  is  a  portion  of  the 
body  of  one  of  the  vertebrae,  situated  at  a  part  in  front  quite  inaccessible  (fig.  93). 

This  formidable  operation  will  have  the  effect,  not  merely  of  converting  a  simple 
into  a  compound  fracture,  but  the  bottom  of  the  deep,  ragged  wound  will  be  in  com- 
munication with  the  interior  of  the  vertebral  canal.  Hence,  if  the  case  follow  a 
common  course  of  compound  fractures,  and  suppuration  supervene,  the  pus  that  is 
formed  will  have  free  access  to  the  space  between  the  walls  of  the  canal  and  the 
sheath  of  the  cord ;  it  may,  therefore,  penetrate  to  some  distance,  each  way,  from  the 

1  '  Of  the  many  cases  of  fractured  spine  which  I  have  on  record,  and  which  I  have 
examined  post-mortem,  I  cannot  recall  an  instance  in  which  the  depression  of  the  arch  alone 
sufficed  to  account  for  the  symptoms.' — Le  Gros  Clark,  Led.  on  the  Prin.  of  Surg.  Diag. 
p.  188.  Dr.  R.  M'Donnell  (loc.  infr.  cit.  vol.  xlii.)  has  collected  cases  in  which,  as  the 
mischief  was  limited  to  the  posterior  arches  of  the  vertebras,  no  fracture  or  displacement  of 
the  bodies  having  taken  place,  he  believes  that  trephining  the  spine  might  have  been  justifiably 
performed.  Most  of  these  cases,  however,  occurred  in  the  cervical  region,  and  the  mention 
of  the  cord  is  far  too  meagre  to  enable  an  opinion  to  be  formed  as  to  whether  the  operation 
could  have  been  of  the  slightest  benefit. 

z  Since  the  above  was  written  I  find  that  Mr.  Holmes  (Pnn.  and  Pract.  of  Surg.  3rd  ed.) 
has  made  use  of  the  same  argument.  '  Very  often  the  cord  is  entirely  divided  at  the 
seat  of  fracture.  No  judicious  surgeon  would  think  of  trephining  the  skull  if  he  thought 
that  the  brain  was  hopelessly  lacerated,  far  less  if  he  thought  that  there  was,  in  all  proba- 
bility, a  large  mass  of  bone  sticking  into  it  at,  the  base  of  the  skull.' 
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seat  of  fracture  :  and  it  is  not  improbable  that,  if  the  operation  had  been  successful 
in  causing  the  functions  of  the  cord  to  be  restored  by  the  removal  of  the  compressing 
fragment  of  bone,  these  functions  would  soon  be  lost  again  by  the  inflammation  set 
up  in  the  cord  and  its  membranes  from  the  presence  of  the  pus  around. 

Furthermore  the  gravity  of  the  outlook  will  be  much  increased  by  the  opening 
up  of  inflamed  cancellous  tissue  with  its  venous  channels  and  the  exposure  of  these 
to  the  surrounding  suppuration.  Many  of  these  risks  may,  I  readily  admit,  be 
lessened  by  the  use  of  antiseptic  precautions,  when  the  surgeon  has  facilities  for  using 
them  ready  to  his  hand.  But  the  above  are  not  the  only  risks  entailed  by  trephin- 
ing the  spine. 

Let  it  be  considered  what  the  effect  will  be  of  dividing,  in  the  course  of  the 
operation,  the  muscles  and  their  tendons  that  may  be  in  the  way,  and  of  removing 
portions  of  the  posterior  segments  of  the  vertebrae  at  the  seat  of  fracture.  These 
are  the  principal  structures  by  which  the  broken  ends  of  the  upper  and  lower  frag- 
ments of  the  spine  are  held  together.  Consequently,  when  they  are  cut  and  taken 
away,  the  mobility  of  the  fractured  part  will  be  greatly  increased.  When  any 
attempts,  therefore,  are  made,  with  the  view  of  defending  the  hips  from  bed-sores,  to 
vary  the  position  of  the  patient  by  turning  him  round  in  bed,  the  fragments  will  roll 
freely  on  each  other ;  there  will  be  a  grating  of  their  surfaces  ;  the  attempts  will  be 
unsuccessful ;  and  the  cord  will  inevitably  be  injured. 

Mr.  P.  M'Donnell,1  whose  opinion  carries  weight  as  being  that  of  one  of  the 
very  few  surgeons  who  have  had  practical  experience  of  this  operation,  argues  that  it 
is  justifiable  on  the  following  grounds.  The  extreme  fatality  of  fractured  spine  when 
treated  in  the  ordinary  way.  '  It  is  certain,  however,  that  cases  of  recovery  from 
fractures  of  the  spine,  with  symptoms  of  compression  of  the  cord,  are  of  extreme 
rarity  ;  one  per  cent,  is  greater  than  Sir  Astley  Cooper  met  with  in  his  experience. 
The  proportion  of  cases  in  which,  after  operation,  life  was  preserved,  shows  a  per- 
centage which  contrasts  very  favourably  with  this.'  With  regard  to  the  first  of  these 
statements  I  have  already  shown  (p.  660)  that  at  the  present  day  the  prognosis  of 
fractured  spine,  especially  in  the  dorso-lumbar  and  lumbal-  region,  is  much  more 
favourable  than  in  the  time  of  Sir  A.  Cooper,2  owing  to  the  improved  treatment 
which  is  afforded  by  water-beds,  soft-catheters,  washing  out  the  bladder,  &c.  As  to 
the  second  statement,  it  is  not  borne  out  by  the  list  of  cases  in  which  trephining  the 
spine  has  been  employed  (p.  677). 

Dr.  M'Donnell,  while  he  admits  the  frequency  with  which  a  fragment  of  one  of 
the  broken  vertebral  bodies  is  found  in  front,  and  therefore  in  an  inaccessible  position, 
claims  that  taking  away  the  posterior  arches  of  one  or  more  vertebras  would  relieve 
the  cord  by  removing  counter-pressure. 3  This  is  no  doubt  theoretically  correct,  as 
far  as  it  goes.  But,  as  regards  the  practical  result  of  the  operation,  Dr.  M'Donnell's 
own  case,  though  showing  temporary  improvement  after  the  operation,  ended  fatally, 
and  in  Dr.  Gordon's  case,  which  is  usually  quoted  as  a  successful  one,  the  incomplete 
recovery  (a  year  after  the  operation,  the  patient  unable  to  stand  or  walk,  moved 
himself  about  in  an  invalid  chair)  was  not  superior  to  that  not  unfrequently  obtained 
by  the  ordinary  treatment  of  the  present  day  (cf.  the  series  of  cases  at  p.  663). 

Furthermore  the  benefit  to  be  expected  by  the  removal  of  counter-pressure  would 
be  greater  if  the  cord  in  these  cases  were  merely  pressed  upon,  but  undamaged.  It 
has  been  shown  above  (p.  641)  that  as  a  rule  this  is  not  the  case.  At  the  moment  of 
injury  very  severe  and  often  irrevocable  damage  is  inflicted  upon  the  cord,  owing  to 

1  Buhl.  Quart.  Journ.  Med.  Sci.  N.  S.  vols.  xl.  p.  78;  xlii.  p.  1. 

2  And  this  applies  to  other  surgeons  who  have  advocated  this  operation — Cline,  B.  Bell, 
and  South. 

3  With  regard  to  Dr.  M'Donnell's  statement, '  The  cord  would,  indeed,  have  still  passed 
over  an  eminence,  caused  partly  by  bone,  partly  by  the  blood  clot  in  front  of  its  dura  mater, 
but,  the  source  of  counter-pressure  being  removed,  we  know  very  well  that  passing  round  an 
abnormal  curve,  even  greater  than  this,  does  not  prevent  the  spinal  marrow  from  exercising  its 
functions,'  it  is  clear  that  this  comparison  does  not  hold  good.  The  slow,  gradual  deformity  of 
caries,  to  which  the  cord  has  ample  time  to  accommodate  itself,  has  no  analogy  with  the  dis- 
placement due  to  fracture. 
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its  small  size,  and  the  severity  of  the  violence  which  causes  fractures  of  the  spine. 1  As 
effects  of  this  damage,  dyspnoea,  cystitis,  and  bed-sores  follow,  and  are  too  often  fatal. 
In  no  case  has  trephining  the  upper  spine  ended  in  success,  and  in  those  cases  where  the 
operation  has  been  made  use  of  in  the  dorso-lumbar  and  lumbar  spine,  while  in  a  few  a 
certain  amount  of  improvement  has  followed  in  the  cystitis  and  bed-sores,  the  ulti- 
mate results  are  not  superior  to  those  which  may  be  hoped  for  from  an  employment  of 
the  improved  methods  of  treament,  if  the  methods  be  early  made  use  of  and  carefully 
persevered  with.  The  question  of  the  advisability  of  trephining  the  spine  may  be 
brought  to  a  close  by  some  further  remarks  from  a  writer  who  has  been  already 
quoted.2  '  The  only  supposable  form  of  spinal  injury  which,  in  my  opinion,  might  be 
benefited  by  operation,  is  a  fracture  of  the  vertebral  arch  alone,  with  limited  depres- 
sion, or  the  recent  intrusion  of  a  spiculum  of  bone  within  the  theca,  whereby  the  cord 
is  pricked  and  irritated.  But  where  are  these  cases  to  be  met  with  ;  how  are  they  to 
be  recognised  ] 

'  I  fear  we  must  abandon  this  operation.  I  have  seen  it  performed  on  three  or  four 
occasions  many  years  since,  but  certainly  not  with  such  results  as  to  induce  me  to 
repeat  the  experiment :  and  the  recorded  advantages  of  more  recent  cases  do  not 
impress  me  more  favourably.  Even  admitting,  as  I  have  admitted,  that  certain 
special  features  might  justify  surgical  interference,  I  believe  that  they  are  rare  and 
very  difficult  of  diagnosis,  if  not  absolutely  impossible  to  identify.  I  am  satisfied  that 
the  risks  attending  an  unnecessary  operation  are  great :  and  in  balancing  these  risks 
against  the  possible  good  which  may  be  accomplished  in  isolated  instances,  my  convic- 
tion is  that  preponderance  is  decidedly  in  favour  of  non-interference.  I  am  aware  it 
may  be  urged  that  any  risk  is  justifiable  where  a  patient's  condition  is  hopeless. 
But  I  rejoin,  how  are  we  to  identify  the  absolutely  hopeless  cases  1  Some  linger  on 
a  long  time,  and  even  partial  recovery  is  occasionally  witnessed  under  favouring  cir- 
cumstances ;  and  it  is  precisely  these  cases  in  which  interference  is  likely  to  prove 
mischievous,  by  extinguishing  the  prospect  of  spontaneous  repair,  and  the  chances  in 
favour  of  the  patient's  recovery  or  protracted  survival :  for,  it  can  scarcely  be  alleged 
by  the  advocates  of  this  operation  that,  if  unproductive  of  good,  it  is  harmless.  To 
weaken  still  further  the  remaining  connections  of  a  broken  spine ;  to  convert  a 
simple  into  a  compound  fracture ;  to  expose  the  sheath  of  the  cord  and  possibly  the  cord 
itself;  and  to  entail  the  risks  attending  the  period  of  repair, — cannot  be  regarded  as 
circumstances  of  indifference.  Accidentally,  here  and  there,  an  instance  may  occur 
in  which  benefit  does,  or  seems  to,  result  from  surgical  interference ;  and  the  time 
may  arrive  when,  perchance,  the  means  of  diagnosis  at  our  command  may  enable  us 
to  judge  with  more  precision  of  the  nature  and  the  extent  of  the  injury  inflicted  : 
but  at  present,  with  every  disposition  to  regard  this  subject  impartially,  and  to  give 
their  due  weight  to  the  arguments  and  facts  which  have  been  advanced  in  favour  of 
this  operation,  I  cannot  regard  trephining  the  spine  as  brought  within  the  pale  of 
the  justifiable  operations  in  surgery.' 

The  following  list  speaks  for  itself;  whilst  some  of  the  thirty  cases  show  a  slight  and 
temporary  relief  after  the  operation,  the  great  majority  have  ended  fatally,  and  I  cannot 
see  any  evidence  in  the  very  few  cases  which  survived  that  at  least  an  equally  favour- 
able result  might  not  have  been  obtained  by  the  usual  treatment  of  the  present  day. 

1  '  If  the  cord  have  been  crushed,  and  the  operation  have  been  consequently  useless, 
probably  life  may,  thereby,  be  only  curtailed ;  but  if  (as  must  be  presupposed  for  the 
operation  to  have  a  chance  of  success)  the  cord  be  not  crushed,  it  appears  to  me  that  the 
best  chance  of  the  patient's  recovery  is  thereby  extinguished.  Indeed,  my  conviction  is  that 
the  operation  has  been  advocated  on  the  erroneous  hypothesis  that  the  spinal  cord  can  be 
compressed,  without  serious  disintegration  of  its  texture.  I  believe  this  is  scarcely  ever  the 
case,  unless  such  pressure  result  from  the  extravasation  of  blood — a  condition  which,  if  it 
could  be  ascertained,  certainly  would  not  justify  the  risk  of  an  operation.  In  the  majority 
of  instances,  probably,  the  amount  of  compression  witnessed  in  a  post-inortem  examination 
is  but  an  inadequate  measure  of  the  disintegrating  force  which  was  applied  at  the  time  the 
column  snapped  under  the  violence  to  which  it  was  subjected — violence  sufficient  not  only  to 
fracture  the  arch,  but  to  break  through  the  bodies  of  the  vertebree,  or  to  wrench  asunder  the 
tough  intervertebral  substance.' — Le  Gros  Clark,  lac.  supr.  cit.  p.  189. 

2  Le  Gros  Clark,  lac.  supr.  cit.  p.  191. 
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If  the  operation  is  to  be  employed  at  all,  it  should  certainly  be  restricted  to 
fracture  of  the  posterior  arch  of  the  vertebrae,  without  any  implication  of  the  bodies 
from  direct  and  localised  violence,  and  where  depression  of  the  spinous  process  exists. 
It  is  impossible  to  deny  that  this  operation  might  perhaps  have  been  beneficial  in 
such  a  case  as  that  related  on  pp.  637,  638  ;  but  the  exceeding  difficulty  of  the  diag- 
nosis in  these  cases,  where  there  is  much  local  swelling,  and  where  the  symptoms, 
as  in  this  case,  are  at  first  but  little  marked,  has  already  been  alluded  to. 

The  following  are  the  chief  steps  of  the  operation,  which  should  be  conducted 
throughout  with  rigid  antiseptic  precautions.  The  patient  should  not  be  removed 
from  his  bed  and  lifted  on  to  a  table,  for  fear  of  inflicting  further  damage  upon  the 
cord.  Chloroform  having  been  given,  the  bed  is  to  be  carried  to  a  window,  and  the 
patient  tinned  three  parts  1  on  to  his  face.  An  incision,  four  inches  long,  should  be 
then  made  with  its  centre  opposite  to  the  spinous  process  of  the  affected  vertebra. 
In  order  to  fully  expose  the  posterior  arches  of  the  vertebra,  the  masses  of  muscle  and 
tendon  are  then  to  be  peeled  off  on  either  side  partly  by  the  finger  and  raspatory,  and 
partly  by  the  point  of  the  knife  kept  close  to  the  bone,  any  tendinous  slips  being 
divided  at  once.  When  detached,  these  structures  are  to  be  held  aside  by  retractors.2 
The  exposed  spinous  processes  are  next  to  be  taken  hold  of  by  a  pair  of  necrosis 
forceps,  and  carefully  shaken,  and  any  found  to  be  fractured  are  then  removed.  The 
facility  with  which  this  is  accomplished  varies  in  different  regions  of  the  spine,  it 
being  most  easy  in  the  upper  and  middle  dorsal,  and  exceedingly  difficult  in  the 
dorso-lumbar  region  ;  where  the  spinous  process  is  broken  off,  division  of  a  few 
ligamentous  fibres  will  complete  its  removal ;  but  where  this  has  not  happened,  or 
where,  after  removal  of  a  spinous  process,  it  is  needful  to  take  away  more  of  the 
posterior  arch  of  one  or  more  vertebra?,  curved  cutting  bone-forceps  or  Hey's  saws3 
are  most  likely  to  be  useful.  Whatever  instrument  is  used,  its  course  is  to  be  most 
carefully  followed,  and  its  depth  guarded  by  the  left  index-finger.  If  by  the  course  of 
the  operation  it  is  seen  that  a  portion  of  the  body  is  chipped  off  and  jurojecting  back- 
wards into  the  canal,  careful  attempts  may  be  made  to  push  this  forwards  with  the 
point  of  a  strong  director  or  female  catheter,  so  as  to  further  relieve  the  cord.  Any 
blood-clot  that  can  be  easily  got  at  is  to  be  removed.  The  upper  part  of  the  wound 
may  then  be  closed,  the  lower  being  left  open  to  allow  of  drainage  ;  a  carbolised-gut 
'  drain '  being  inserted  for  this  purpose.  After  the  usual  dressings  have  been  applied, 
the  patient  may  be  replaced  upon  his  back,  a  small  soft  pillow  being  placed  above 
and  below  the  site  of  operation.  If  the  gutta-percha  splint  (p.  670)  be  employed,  it 
should  be  moulded  on  while  the  patient  is  under  the  influence  of  the  anaesthetic,  a 
sufficient  aperture  being  cut  opposite  to  the  wound. 

Injuries  to  the  Upper  Cervical  Spine. 

Under  this  head  are  included  the  very  rare  separation  of  the  head  from  the 
atlas,  and  the  more  common  fractures  and  dislocations  of  the  atlas  and  axis. 
They  are  considered  separately  from  other  fracture-dislocations  of  the  spine,  on 
account  of  the  peculiarities  in  the  vertebrae  themselves  and  their  ligamentous  con- 
nections, and  the  vital  importance  of  the  medulla  and  the  upper  part  of  the  spinal 
cord. 

The  comparative  rarity  of  these  injuries  may  be  explained  by  the  facts  that  the 
upper  vertebrae  are  protected  from  direct  injury  by  their  position  under  the  over- 
hanging occiput,  and  that  they  escape  indirect  violence.  Thus  when  the  head 
and  cervical  spine  are  violently  flexed,  and  the  chin  driven  upon  the  sternum, 
owing  to  their  mobility,  the  upper  cervical  vertebrae  move  readily  with  the  head, 
and  it  is  not  till  the  chin  is  arrested  below  that  the  spine  gives  way,  the  stress 

1  In  Dr.  R.  MDonnell's  case  the  patient  was  turned  quite  over  on  to  his  face,  and  the 
chloroform  was  taken  without  drawback.    Loc.  supr.  cit.  vol.  xl.  p.  82. 

-  Special  retractors  for  this  purpose  are  figured  by  Dr.  R.  M'Donnell,  loc.  supr.  cit.  vol. 
xlii.  fiy.  4. 

s  If  it  he  found  needful  to  use  the  trephine  itself,  it  must  he  remembered  that  the  hone 
will  he  found  much  softer  in  this  operation  than  in  that  upon  the  skull. 
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then  usually  foiling  upon  the  fifth,  sixth,  and  seventh  cervical  vertebrae,  the 
bodies  of  which  are  crushed,  while  their  spines,  articulating  processes,  &c,  are 
wrenched  asunder. 

It  is  usually  taught  that  fracture-dislocation  of  the  upper  cervical  vertebrae  is  of 
necessity  fatal,  and  not  only  fatal,  but  instantaneously  so.  As  crushing  or  severe 
contusion  of  the  spinal  cord,  which  is  here  of  such  vital  importance,  are  usually 
produced  by  these  injuries,  both  the  above  statements  are,  as  a  rule,  correct ;  but,  as 
will  be  gathered  from  the  account  below,  exceptions  must  be  made  to  both  statements. 
Owing  to  the  large  size  of  the  ring  of  the  atlas,  and  the  accommodation  thus  given  to 
the  contained  cord,  the  great  strength  and  toughness  of  the  ligaments  at  the  summit 
of  the  spine,  and  the  thickness  and  firm  attachment  of  the  dura  mater  around  the 
foramen  magnum,  the  cord  may  sometimes  be  protected  even  when  displacement  has 
taken  place.  Treatment  prompt  and,  above  all,  persisted  in,  may  in  such  cases  be 
occasionally  successful,  though  it  would  appear  that  usually  the  severity  of  the 
injury  has  been  overlooked,  and  subsequent  caries  and  inflammatory  mischief  have 
proved  fatal.  Again,  with  regard  to  the  statement  that  these  injuries  are  not  only 
fatal  but  instantaneously  so,  it  is  to  be  remembered  that,  even  if  the  above  provisions 
have  been  insufficient  to  protect  the  corcl,  life  may  be  temporarily  prolonged,  even 
where  the  lesion  of  the  cord  is  above  the  origin  of  the  phrenic  nerves.1 

Dislocation  of  head  from  atlas.  Occipito-atloid  dislocation. — The  following  are 
instances  of  this  very  rare  injury  recorded  by  Lassus,2  Palletta,3  and  Bouisson.4  In 
the  first  two  (the  second  is  not  reported  with  sufficient  definiteness  or  completeness) 
a  fall  of  a  bundle  of  hay  on  the  neck  of  a  man  whose  head  was  at  the  time  bent  for- 
wards, and  a  fall  from  a  tree,  were  the  causes,  and  the  patients  adult  males.  In  the 
third  a  boy  set.  1 3  was  crushed  by  the  overturning  of  a  cart.  In  this  case  death  was 
instantaneous  ;  in  the  other  two  life  was  prolonged,  five  hours  in  the  first  and  nearly 
fi  ve  days  in  the  second. 

More  recently  Mr.  Milner  5  has  recorded  the  case  of  an  architect  who  fell  seventy 
feet  from  the  top  of  a  house,  being  killed  on  the  spot.  The  head  was  found  freely  mov- 
able and  capable  of  being  displaced  in  any  direction  ;  when  displaced,  the  top  of  the 
spinal  column  formed  a  projecting  tumour  in  the  neck.  All  the  ligaments,  on  both 
sides,  connecting  atlas  and  axis  with  the  occiput  were  completely  torn  across.  In 
this  case  the  posterior  arch  of  the  atlas  was  fractured  transversely  at  its  junction 
with  the  lateral  masses,  and  the  posterior  arch  of  the  axis  was  also  fractured,  The 
vertebral  vessels  and  the  medulla  were  torn  through  and  the  muscles  much  lacerated. 
No  external  mark  of  injury  existed  about  the  neck. 

Dislocation  of  the  atlas  from  the  axis. — This  may  be  produced  by  falls  on  the 
head,  the  descent  of  heavy  bodies  on  the  neck,  violent  side  blows  on  the  neck,  and 
by  lifting  a  struggling  child  off  the  ground  by  the  head.  The  dislocation,  if  com- 
plete, is  usually  associated  with  fracture  of  the  odontoid  process.  It  is  extremely 
doubtful  if  dislocation  occurs  without  such  fracture.  At  first  thought  it  might 
appear  probable  that  forced  rotation  of  the  head  would  cause  rupture  of  the  liga- 

1  Thus  Mr.  Eve  (St.  Barth.  Hosp.  Repts.  vol.  xiii.  p.  237)  has  recorded  a  very  interesting 
case  in  which,  after  fracture  of  the  odontoid  process  and  dislocation  forwards  of  the  atlas,  the 
cord  was  nipped  between  the  posterior  arch  of  the  atlas  and  the  sharp,  fractured  edge  of  the 
body  of  the  axis.  Its  structure  was  softened  and  ecchymosed,  especially  in  the  posterior  half, 
but  not  lacerated.  In  this  case  the  patient  lived  two  hours  and  a  half,  the  breathing  being 
entirely  superior  thoracic,  not  the  slightest  movement  of  the  abdomen  being  observed  daring- 
inspiration.  Mr.  Eve  explains  the  temporary  survival  of  the  patient  by  tiie  fact  that  respira- 
tion was  carried  on  almost  entirely  by  the  sterno-mastoid  muscles,  aided  by  the  sterno-hyoids 
and  sterno-thyroids,  the  hyoid  bone  being  fixed  above.  Probably  the  diaphragm  acted, 
though  very  feebly,  as  the  anterior  segment  of  the  cord  was  much  less  injured  than  the 
posterior.  In  another  case,  under  the  care  of  Mr.  Curling  (Lond.  Hosp.  Repts.  vol.  i.  p.  138),  the 
patient  survived  twenty-eight  hours  after  the  fracture  of  the  first,  second,  and  third  cervical 
vertebra?,  the  cord  being  injured  opposite  to  the  third.  Here,  too,  the  temporary  survival 
of  the  patient  was  due  to  the  damage  inflicted  upon  the  cord  being  chiefly  upon  its  posterior 
and  not  its  anterior  surface.  As  soon  as  the  centres  for  the  phrenic  nerves  became  involved 
in  the  inflammatory  disorganisation  set  up  by  such  an  injury,  death  took  place  rapidly. 

2  Path.  (Mir.,  t.  ii.  p.  196.  3  Exercit.  Path.  p.  234. 

4  Rev.  Med.  Chir.  t.  ii.  p.  355.  5  St.  Barth.  Hosp.  Repts.  vol.  x.  p.  313. 
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ments,  and  so  separation  of  the  two  vertebrae,  or  that  in  children  especially  the  odontoid 
process  might  slip  beneath  the  transverse  ligament,  if  there  were  any  laceration  of 
the  vertical  part  of  this  ligament,  or  of  the  check  ligaments.  But,  as  far  as  I  am 
aware  no  case  of  complete  dislocation  of  the  atlas  has  been  recorded  without  a 
coexisting  fracture.  The  ligaments  are  not  only  extremely  complete  in  their  arrange- 
ment, but  the  strength  of  some,  e.g.  the  check  ligaments,  is  so  great  that,  before  giving 
way  themselves,  they  will  cause  fracture  of  the  odontoid  process  (see  below,  p.  685). 
The  nearest  approach  to  a  case  of  dislocation  of  the  atlas  without  fracture  is  one 
mentioned  by  M.  Malgaigne.1 

In  the  examination  of  the  body  of  a  man  who  had  died  twenty  hours  after  a  fall  from  a 
considerable  height  upon  his  head,  the  right  check  ligament  was  found  to  have  given  way, 
and  the  odontoid  process,  together  with  the  left  check  ligament,  which  was  entire,  was  found 
behind  the  transverse  ligament. 

In  this  case  the  fact  that  the  compression  of  the  medulla  was  slight  (the  dis- 
placement of  the  odontoid  process  being  less  than  when  both  check  ligaments  are 
ruptured)  explains  the  temporary  prolongation  of  life. 

Eracture  of  the  atlas. — This  may  occur  (1)  alone,  which  is  extremely  rare.  The 
following  case,  referred  to  by  Sir  A.  Cooper 2  as  having  come  under  Mr.  Cline's observa- 
tion, appears  to  be  the  only  case  on  record. 

A  boy,  aet.  3,  injured  his  neck  in  a  severe  fall ;  in  consequence  of  this  he  walked  carefully 
upright,  supporting  his  chin  upon  his  hand.  Any  sudden  shake  or  jar  caused  great  pain.  In 
this  condition  he  lived  about  a  year.  After  death  Mr.  Cline  ascertained  that  the  atlas  was 
broken  in  such  a  manner  that  the  odontoid  process  had  lost  its  support  and  was  constantly 
liable  to  fall  back  upon  the  spinal  cord. 

(2)  The  atlas  may  be  fractured  together  with  other  of  the  cervical  vertebrae.  In 
such  a  case  it  is  usually  the  odontoid  process  of  the  axis  which  is  also  broken,  as  in 
the  following  well-known  case  related  by  Mr.  B.  Phillips.3 

A  labourer,  aet.  32,  had  fallen  head  foremost  from  a  partly  finished  hayrick,  coming  down 
upon  his  occiput.  He  was  stunned  for  a  short  time,  but  was  soon  able  to  walk  half  a  mile 
to  the  house  of  a  medical  man.  The  next  day  he  felt  scarcely  any  inconvenience  from  the 
fall,  but  his  neck  was  stiff,  and  he  was  unable  to  rotate  his  head.  Two  days  after  the 
accident  he  went  back  to  his  work.  He  consulted  Mr.  Phillips  about  a  month  after  the 
accident,  having  walked  more  than  two  miles  for  the  purpose.  At  this  time  the  stiff- 
ness and  inability  to  rotate  the  head  persisted,  but  motion  and  sensation  were  not  otherwise 
interfered  with.  At  the  back  of  his  neck,  which  was  the  seat  of  the  only  uneasiness,  and 
that  inconsiderable,  which  he  experienced,  was  a  small  swelling  over  the  second  cervical 
vertebra ;  pressure  on  this  occasioned  only  a  very  little  pain.  Rest 4  on  a  mattress,  without 
a  pillow,  was  recommended  ;  leeches  applied,  and  issues  made  use  of.  Later  on  the  voice 
became  altered,  and  deglutition  was  interfered  with.  A  slight  swelling  was  now  found  at 
the  back  of  the  pharynx,  corresponding  to  the  position  of  the  atlas.  Nine  months  after  the 
accident  the  patient,  who  was  much  weakened  by  a  severe  attack  of  pleurisy,  from  which  he 
seemed  to  have  recovered,  began  to  suffer  from  anasarca.  Death  was  ultimately  due  to 
hydrothorax  about  forty-seven  weeks  after  the  accident.  Up  to  the  last  weeks  of  his  life  the 
patient  was  accustomed  to  walk  to  the  water-closet,  which  was  on  the  same  floor  as  his  bed, 
and  also  to  feed  himself. 

At  the  post-mortem  examination,  permission  was  only  obtained  to  examine  the  back  of 
the  neck,  and  it  is  much  to  be  regretted  that,  while  a  most  interesting  specimen  (now  in  the 
Museum  of  the  Middlesex  Hospital)  was  removed,  no  mention  whatever  is  made  of  the  state 
of  the  spinal  cord.  The  specimen  shows  that  the  odontoid  process  of  the  axis  had  been 
broken  at  its  base,  and  the  atlas  fractured  across  at  the  thin  parts  of  its  arch,  behind  the 
articulating  processes.  The  anterior  segment  of  the  atlas,  consisting  of  the  articulating  and 
transverse  processes,  with  the  arch  in  front  for  receiving  the  odontoid  process,  had  been  dis- 
placed from  its  situation  between  the  occiput  and  axis,  and  transported  to  the  fore  part  of 
the  body  of  the  axis.  The  broken  ends  of  the  segment,  behind  the  articulating  processes, had 
become  firmly  united  to  the  sides  of  the  body  of  the  axis,  against  which  they  abutted.  Thus 

1  Loc.  supr.  cit.  t.  ii.  p.  331 . 

2  Loc.  supr.  cit.  p.  459.  In  the  Hunterian  Museum,  Prep.  977, 2021,  shows  the  first  three 
cervical  vertebrae  of  a  gentleman  who  was  killed  by  being  thrown  from  his  horse,  and  falling 
on  his  head.  The  posterior  segment  of  the  ring  of  the  atlas  was  broken  off,  and  the  spinal 
cord  and  its  dura  mater  were  lacerated.  There  is  no  displacement  of  the  vertebrae,  and  the 
transverse  ligament  is  perfect,  and  retains  its  usual  relation  with  the  odontoid  process.  It 
will  be  remembered  that  the  death  of  the  late  Bishop  of  Winchester  was  brought  about  in  a 
similar  way.  3  Med.-Chir.  Trans,  vol.  xx.  p.  82. 

4  It  will  be  seen  below  how  imperfect  the  rest  was  in  this  case. 
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a  ring  had  been  formed  before  the  axis,  on  the  same  horizontal  plane  ;  and  as  it  had  some 
resemblance  to  the  foramen  containing  the  spinal  cord,  the  specimen  had  the  singular  appear- 
ance of  being  a  single  vertebra  provided  with  foramina  for  two  spinal  canals. 

Mr.  Shaw  has  suggested  that  the  displacements  shown  in  the  specimen  were  produced 
in  some  such  way  as  this.  The  fracture  of  the  odontoid  process  of  the  axis  and  that  of  the 
posterior  arch  of  the  atlas  probably  took  place  first.  These  fractures  would  have  the  effect 
of  removing  the  chief  impediments  to  the  segment  of  the  atlas  situated  between  the  occiput 
and  axis,  being  thrown  forwards  out  of  its  place.  Now,  as  the  patient  fell  from  the  hayrick 
head  foremost,  it  may  be  inferred  that,  when  he  came  to  the  ground,  a  powerful  force  would 
be  directed  on  the  cervical  vertebrae  in  such  a  way  as  to  compress  the  segment  of  the  atlas  on 
its  upper  and  under  articulating  surfaces,  and  cause  it  to  be  shot,  wedge-like,  horizontally 
forward,  and  to  be  thrown  over  the  edge  of  the  axis,  to  lie  between  that  bone  and  the 
pharynx.  When  the  atlas  had  thus  vacated  its  place,  the  condyloid  processes  of  the 
occiput  would  settle  down  on  the  axis  ;  and  they  would  rest  on  it  with  comparatively 
greater  security,  owing  to  the  odontoid  process  having  been  broken  off.  In  course  of  time, 
new  joints  would  be  established  between  the  occiput  and  axis. 

It  is  much  to  be  wondered  at  that  an  injury  of  such  great  severity  as  must  have  been 
inflicted  to  produce  the  effects  exhibited  in  the  specimen,  especially  considering  its  situation 
in  reference  to  the  spinal  cord,  should  not  have  caused  the  instantaneous  death  of  the  patient. 
The  only  thing  that  can  be  noted  in  the  way  of  explanation  appears  to  be,  that,  from  the 
theca  near  the  seat  of  injury,  namely,  at  the  foramen  magnum,  being  closely  adherent  to  the 
vertebral  canal,  and  from  its  being  likewise  thicker  and  firmer  opposite  to  the  atlas  than 
lower  down,  the  strength  and  stiffness  of  the  membrane  may  have  had  some  share  in  pro- 
tecting the  cord  from  being  crushed. 

Fracture  of  axis. — The  fracture  of  the  odontoid  process  of  this  bone  is  not  only 
the  most  common  fracture  of  the  axis,  but  it  is  the  most  frequent  of  the  different  frac- 
tures and  dislocations  affecting  the  summit  of  the  spine.  The  line  of  fracture  usually 
passes  through  the  base  of  the  odontoid  process,  encroaching  more  or  less  upon  the 
upper  articular  processes,  sometimes  running  transversely  across  these  processes.  It 
is  caused  by  falls  or  violent  blows  in  which  the  head  is  driven  forcibly  backward, 
forwards,  or  laterally. 

Mode  of  production. — It  might  appear  probable  that  the  great  constriction 
of  the  neck  of  the  odontoid  process  would  diminish  the  strength  of  the  bone  here, 
and  that  it  would  give  way  when  driven  against  the  atlas  ;  but  a  series  of  careful 
experiments  by  Dr.  Stephen  Smith  1  have  proved  the  comparative  weakness  of  the 
ring  of  the  atlas,  the  readiness  with  which  it  is  fractured,  and  the  fact  that  the  neck 
of  the  odontoid  process  is  stronger  than  the  body  of  the  axis  in  spite  of  its  apparent 
weakness.  Dr.  S.  Smith,  carrying  his  experiments  both  with  direct  and  indirect 
violence  further,  was  led  to  the  conclusion  that  the  check  ligaments  have  a  com- 
bined strength  greater  than  the  odontoid  process,  and  that  they  are  the  efficient 
agents  in  the  fracture.  These  ligaments  attached  below  to  the  apex  of  the  process, 
and  passing  upwards  and  outwards  to  the  margins  of  the  foramen  magnum,  maintain 
the  exact  position  of  the  skull  upon  the  spinal  column,  and  restrain  the  movements 
of  the  former  within  given  limits.  If  the  head  is  driven  forcibly  forwards,  back- 
wards, or  laterally,  the  odontoid  ligaments  are  stretched  more  or  less  severely,  and 
by  their  attachment  to  and  their  acting  upon  the  extremity  of  the  process,  the 
violence  is  really  expended  upon  its  base.  If  the  violence  is  too  great,  the  process 
must  yield,  and  a  fracture  will  be  the  result. 

Death  often  follows  instantaneously  from  pressure  of  the  fractured  process  upon 
the  medulla,  or  the  gradual  displacement  of  this  process  may  cause  pressure  increas- 
ing insidiously  for  several  months,  and  ultimately  rendered  suddenly  fatal  by  some 
incautious  movement  of  the  head  when  parts  already  weakened  give  way. 

The  following  case  2  illustrates  many  of  the  above  points  : — 

A  man,  set.  40,  while  driving  at  full  speed,  on  August  12,  1852,  was  thrown  violently 
from  his  carriage,  alighting  upon  his  head  and  face  fifteen  feet  from  the  carriage.  Upon 
rising  to  his  feet  he  felt  faint,  but  was  able  to  drive  home,  two  miles.  The  next  morning  a 
medical  man  found  the  patient  suffering  much  pain  and  unable  to  rotate  his  head,  but  so 
much  swelling  existed  as  to  prevent  efficient  examination.  On  the  third  day  this  had  sub- 
sided so  much  that  irregularity  was  discovered  in  the  region  of  the  axis  and  atlas.  The 
patient  now  began  to  walk  about  the  room  supporting  his  head  with  one  hand  to  the  occiput. 


1  Amer.  Jour,  of  Med.  Sci.  vol.  lxii.  p.  338. 

2  Dr.  Bigelow,  New  York  Joum.  of  Med.  vol.  x.  N.  S.  p.  164. 
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On  the  ninth  day  after  the  accident  he  returned  as  actively  as  ever  to  his  work,  at  which  he 
continued  distributing  milk  from  5  A.M.  to  noon,  for  four  months.  About  January  1,  1853, 
the  pains,  from  which  the  patient  had  suffered  constantly,  became  worse,  and  a  snapping  was 
complained  of  in  the  neck.  Symptoms  of  paraplegia,  e.g.  dragging  of  the  feet,  began  to  set 
in,  and  on  January  12,  five  months  after  the  accident,  the  patient  died  suddenly  when  sitting 
down  in  a  chair. 

Post-mortem  examination. — The  odontoid  process  was  completely  fractured  off,  its  lower 
extremity  inclining  backwards  to  the  cord.  Much  coagulated  blood  was  found  between  the 
fractured  surfaces ;  some  of  this  was  recent,  but  some,  effused  at  the  time  of  the  accideut, 
had  apparently  prevented  union.  The  occipito-axoidean  ligament  was  partially  destroyed  ; 
the  transverse  and  the  odontoid  ligaments  were  healthy.  The  spinal  cord  exhibited  no 
appearances  of  any  lesion.  Death  had  probably  taken  place  from  displacement  during  move- 
ment of  the  head. 

Where  after  fracture  of  the  odontoid  process  death  has  been  delayed  for  several 
months,  the  symptoms  may  be  expected  to  correspond  to  those  observed  in  cases  of 
disease  of  the  upper  two  vertebra?.  As  one  of  the  functions  of  the  atlas  is  to 
maintain,  together  with  the  transverse  ligament,  the  axis  in  position,  and  as  the  axis, 
placed  in  the  centre  of  the  bodies  of  the  vertebrae  and  opposite  to  the  exact  centre  of 
the  base  of  the  skull,  has  to  poise  the  head  upon  the  spinal  column,  and  by  aid  of  the 
check  ligaments  to  maintain  the  equilibrium  of  the  skull  and  check  its  movements 
upon  the  column,  it  is  obvious  that  when,  by  fracture  or  disease,  these  means  of  sup- 
port and  regulators  of  movement  are  damaged,  the  symptoms  will  be  the  same,  viz. 
cautious  carriage  and  movements  of  the  head,  which  is  supported  by  the  hands 
placed  at  the  sides  or  under  the  occiput  and  chin,  increasing  pain  in  the  region  of  the 
occipital  nerves,  weakness  of  the  extremities  growing  insidiously  greater,  together 
with  localised  swelling  and  occasionally  grating. 

The  apparent  slightness  and  the  insidious  course  of  the  symptoms  of  a  case  in 
which  fracture  of  the  odontoid  process  exists  are  shown  in  Dr.  Bigelow's  case  (p.  685), 
and  also  in  one  recorded  by  Dr.  S.  Smith.1 

A  labourer,  after  a  fall  from  a  building  and  a  blow  on  the  head,  thought  that  he  had 
merely  sprained  his  neck,  and  continued  his  work  for  six  weeks.  Painful  swelling  and 
deformity  appeared  in  the  neck,  with  loss  of  power,  evidenced  in  the  upper  extremities  first. 
Death  took  place  more  than  five  months  after  the  accident,  with  increasing  dyspnoea, 
emaciation,  &c.  Post-mortem  ex  amination. — Odontoid  process  fractured  and  lying  in  nearly 
a  horizontal  position ;  partial  dislocation  of  atlas  forwards  and  to  the  left.  Spinal  canal 
diminished  to  three-eighths  of  an  inch. 

It  will  be  gathered  from  the  above  account  that  the  most  common  cause  of  fracture 
of  the  odontoid  process  is  indirect  violence,  e.g.  falls  or  blows  upon  the  head.  Much 
more  rarely  this  fracture  may  be  due  to  direct  violence,  e.g.  a  bullet  wound,  as  in  the 
following  case :  — 

In  the  Museum  of  the  Middlesex  Hospital  there  is  preserved  the  axis  taken  from  the 
body  of  a  gentleman,  who  had  been  shot  in  the  neck,  close  to  the  occiput,  while  asleep, 

lying  on  his  side.  The  pistol-bullet  had  entered  at  the  middle 
line,  between  the  arches  of  the  atlas  and  axis,  had  passed 
horizontally  forward,  cut  through  the  spinal  cord,  and  been 
stopped  by  the  odontoid  process,  against  the  back  of  which 
it  was  found  sticking,  on  examination  after  death.  A 
fissure  was  also  perceived  running  across  the  base  of  the 
process  (fig.  99).  It  was  stated  that,  notwithstanding  the 
loudness  of  the  report,  the  murdered  man  never  stirred  a 
limb,  but  seemed  to  continue  his  sleep  undisturbed. 

Two  other  points  bearing  upon  fracture  of  the  odon- 
toid process  deserve  mention  here ;  viz.  that  it  appears 
probable  that  this  fracture  may  be  followed  by  re- 
covery, with,  in  certain  cases,  suppuration,  and  escape 
of  the  process  ;  in  others  the  foi  mation  of  a  false  joint 
between  the  process  and  the  body  of  the  axis. 

The  following  case,  reported  by  Dr.  Bayard,2  ap- 
pears to  be  an  example  of  the  former  condition  : — 

1  Loc.  supr.  cit.  p.  352. 

2  Canada  Hied.  Jowrn,  Dec.  1869.    The  case  is  quoted  by  Dr.  S.  Smith  (loc.  sup-,  cit.  p. 
353).    Cases  in  which  exfoliation  of  portions  of  the  axis  and  atlas  are  believed  to  have  taken 


a,  pistol-bullet ;  6,  fissure  at  base  of 
odontoid  process  of  axis. 


DISLOCATIONS  OF  THE  SPINE. 


687 


A  girl,  set.  6,  fell  five  feet,  striking  on  lier  head  and  neck,  after  which  she  was  unable  to 
move  her  head  without  pain,  and  carefully  supported  her  chin  with  her  hand  when  she 
walked.  Two  months  after  the  accident  convulsive  movement  of  the  extremities,  followed 
by  paralysis  of  the  parts  below  the  neck,  set  in,  and  lasted  for  three  months,  after  which  the 
child  recovered  power  of  walking.  Nine  months  after  the  accident  the  child  could  walk 
well,  but  still  supported  her  chin  in  her  hand.  Deformity  at  the  summit  of  the  spine  had 
now  appeared.  About  two  years  and  a  half  after  the  accident  a  post-pharyngeal  abscess 
formed  from  which  bone  escaped,  which  was  decided  to  be  the  odontoid  process.  The 
abscess  closed  and  the  patient  recovered. 

With  regard  to  the  other  condition  which  has  been  believed  to  follow  some  cases 
of  recovery  after  fracture  of  the  odontoid  process,  viz.  formation  of  a  false  joint 
between  this  process  and  the  body  of  the  axis,  it  is  to  be  remarked  that  in  all  the 
cases  as  yet  recorded  the  history  is  wanting.1  Before  this  condition  can  be  accepted  as 
certain,  histories  of  cases  with  the  original  injury  must  be  forthcoming.  In  addition 
to  the  usual  fracture  of  the  odontoid  process,  other  portions  of  the  axis  may  be 
fractured  by  such  direct  violence  as  a  gunshot  wound.2 

Treatment  of  fractures,  &c,  at  the  summit  of  the  spine. — Wherever  there  is 
reason  to  suspect  such  an  injury,  absolute  rest  should  be  insisted  upon  for  two  months. 
This  is  best  secured  by  following  Mr.  Hilton's  plan,3  i.e.  placing  the  patient  on  his 
back  with  a  small  pillow  under  the  occiput,  and  another,  but  firmer  one,  under  the 
hollow  of  the  neck,  so  as  to  lift  up  the  spines,  and  thus  the  bodies  of  the  vertebrae,  and 
amongst  them  the  axis,  with  its  odontoid  process  off  the  cord,  two  large  half-filled  sand- 
bags being  then  placed  on  either  side  of  the  head,  so  as  to  prevent  any  lateral  move- 
ment. At  the  end  of  this  time,  if  the  symptoms  have  disappeared,  the  patient  may 
begin  to  sit  up,  and  soon  go  about  wearing  for  security  one  of  Sayre's  jury-masts  or, 
as  I  prefer  for  their  simplicity  and  moie  easy  application,  a  plaster  of  Paris  jacket, 
with  the  modification  of  the  jury-mast  recommended  by  Mr.  Jordan,  which  I  have 
found  most  useful  in  cases  of  cervical  caries.  In  the  application  of  this  a  multiple 
strip  of  ten  layers  of  prepared  muslin  (the  strip  varying  from  two  to  three  or  four- 
inches  in  width  to  fifty  or  sixty  in  length,  according  to  age,  size  of  head,  and  length  of 
neck  of  patient),  after  being  dipped  for  a  few  moments  in  water,  is  completely  unrolled, 
its  centre  having  been  applied  to  the  forehead  well  away  from  the  eyes ;  the  two 
ends  are  next  carried  along  the  sides  of  the  head  to  the  back  of  the  neck,  where  they 
cross,  one  being  carried  under  the  neck  first  and  then  the  other  :  having  been  drawn 
firmly  enough  to.  closely  embrace  the  head  and  back  of  the  neck,  they  are  brought 
forward  one  on  each  side  of  the  neck,  where  they  again  cross  each  other  in  front  of 
the  neck  and  sternum,  and  are  finally  fastened  by  a  plaster  jacket.  Before  the  mul- 
tiple plaster  strip  is  applied,  a  flannel  strip  or  long  fold  of  lint  is  put  on  in  the  same 
way,  and  a  little  cotton-wool  over  the  ears  and  in  front  of  the  neck.  The  hair  is  also 
cut  short.  Mr.  Jordan's  paper  is  made  perfectly  clear  by  drawings.  I  have  never 
made  use  of  the  pulley  extension  which  he  recommends,  while  the  above  modification 
of  the  jury-mast  is  being  put  on. 

Dislocation  of  the  Spine. 

It  has  been  already  stated  (p.  638)  that  in  so-called  fracture  or  dislocation  of  the 
spine  the  two  injuries  are  usually  combined.  But  while  it  must  be  admitted  that  the 
more  carefully  a  case  of  '  dislocated  spine  '  is  examined  the  more  certainly  is  some 
fracture  discovered,  and  while  the  really  important  point  in  these  inj  uries  is  the  amount 
of  displacement  on  account  of  the  probable  injury  to  the  cord,  yet,  as  simple  dislocations 
of  the  spine  do,  though  rarely,  occur,  it  has  seemed  well  to  refer  to  them  separately. 

The  possibility  of  the  occurrence  of  simple  dislocation  of  the  spine,  uncomplicated 

place,  though  here  the  disease  did  not  follow  any  known  injury,  are  mentioned  in  Mr. 
Hilton's  Rest  and  Pain,  3rd  ed.  p.  112. 

1  Mr.  Curling,  Lond.  Hosp.  Repts.  vol.  i.  p.  142;  Mr.  Shaw,  Path.  Sue.  Trans,  vol.  ix. 
p.  340 ;  Dr.  Friedlowsky,  Med.  Jahrh.  Bd.  xv.  p.  233. 

~  Sir  A.  Cooper,  loc.  supr.  cit.  p.  476. 

3  Loc.  supr.  cit.  Lect.  v.  figs.  14,  15. 
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with  fracture,  has  been  disputed  and  even  denied,1  but  undoubted  instances  of  this 
lesion  in  the  cervical  region  have  been  verified  and  recorded.'2  The  displacement  of 
the  vertebra?  above  the  site  of  injury  is  nearly  invariably  forwards,3  and  in  the 
majority  of  cases  the  fifth  vertebra  has  been  the  one  displaced.  The  comparative 
frequency  with  which  simple  dislocation  has  been  met  with  in  the  cervical  spine  may 
be  explained  by  the  following  facts  : — the  small  size  of  the  vertebral  bodies  and  the 
intervertebral  substances,  the  obliquity  of  the  articulating  processes,  the  mobility  and 
comparative  exposure  of  this  region,  and  more  particularly  to  the  frequency  with  which 
the  head  at  one  end  and  the  shoulders  at  the  other  end  of  this  part  of  the  spine  are 
subjected  to  violence. 

As  it  is  extremely  doubtful  4  whether  dislocation  uncomplicated  with  fracture 
occurs  in  any  other  part  of  the  spine  save  the  cervical,  it  will  only  be  described  in 
this  region. 

Varieties  of  dislocat  ion  of  the  cervical  spine. 

1.  Bilateral   \a'  ComPlete- 

1/3.  Incomplete.  2.  Unilateral. 

The  displacement  is  nearly  invariably  forwards,  and  in  the  majority  of  cases  it  is 
the  fifth  or  sixth  vertebra,  more  frequently  the  former,  which  is  displaced.5  The 
causes  of  the  bilateral,  which  is  the  more  common,  appears  to  be  usually,  as  in  the 
case  of  fracture  of  the  cervical  spine,  indirect  violence,  e.g.  forced  flexion  of  the  head 
downwards  and  forwards.  The  symptoms  in  the  case  of  complete  bilateral  disloca- 
tion appear  very  similar  to  those  of  fracture-dislocation.  The  diagnosis  between  the 
two  is  obscure.  Where  the  displacement  is  marked  and  the  head  and  upper  vertebra? 
appear  abnormally  loose  and  mobile,  dislocation  will  be  found  to  exist,  but  very 
probably  combined  with  fracture.  It  has  been  suggested  6  that  the  absence  of  any 
line  of  hyperesthesia,  at  the  junction  of  the  paralysed  and  normal  parts,  points  to  the 
existence  of  simple  dislocation,  owing  to  the  absence  of  any  shai'p  points  of  fracture 
which  may  irritate  or  injure  the  nerves  at  their  exit.  This  might  be  useful  in 
diagnosis  if  the  line  of  hyperesthesia  were  always  present  very  soon  after  the  injury  ; 
but  the  fact  that  it  often  takes  some  hours  to  develop,  and  is  then  to  be  explained 
by  inflammation  having  set  in  in  the  part  of  the  cord  into  which  the  nerves  run  up, 
shows  that  this  symptom  is  not  necessarily  diagnostic  of  dislocation  alone.  Again,  a 
suggestion  that  the  dislocated  vertebra?  may  be  felt  from  the  phaiynx  7  is  not  one 
easily  admitting  of  practical  application,  and  it  requires  a  long  forefinger  to  reach  as 
low  down  as  the  level  of  the  fifth  cervical  vertebra.    Both  the  complete  and  incom- 

1  Delpech,  Tree.  Mem.  des  Malad.  reputees  Chirurg.  t.  iii.  p.  42  ;  Benj.  Bell,  Syst.  of 
Surg.,  5tli  ed.  vol.  vi.  p.  16  ;  Abernethy,  MS.  Led. 

2  A  list  of  cases  collected  by  Mr.  Williams  will  be  found  in  the  Med.  Times  and  Gas. 
1857,  vol.  ii.  pp.  114,  166,  amongst  which  occur  instances  of  simple,  uncomplicated  disloca- 
tion in  the  cervical  region,  verified  and  recorded  by  such  writers  as  Earle,  Stanley,  Norris, 
Quain,  Adams,  and  Butcher. 

3  Dr.  Humphry  {The  Human  Skeleton,  p.  169)  mentions  a  case  in  which  the  displacement 
was  backwards,  and  on  the  same  page  an  instance  is  given  of  dislocation  of  the  cervical  spine 
brought  about  by  violent,  voluntary,  muscular  action,  aided,  of  course,  by  the  weight  of  the 
head.  With  reference  to  this  point,  Malgaigne  (Joe.  supr.  cit.  t.  ii.)  may  be  consulted.  He 
appears  to  consider  muscular  action  as  a  frequent  cause.  This  opinion  has  been  combated 
bv  Prof.  Porta  {Royal  Lombard  Instit.  of  Sci.  and  Letters,  Ser.  3,  vol.  x.  and  Sgd.  Soc.  Bi. 
Retr.  1865-66,  p.  281),  with  the  following  cogent  considerations:  1.  The  uncertainty  of 
Malgaigne's  cases.  2.  The  weakness  and  indirectness  of  insertion  of  the  cervical  muscles, 
and  the  power  of  resistance  of  the  dorsal  and  lumbar  columns.  3.  The  fact  that  in  tetanic 
opisthotonos  no  example  of  dislocation  lias  ever  been  observed. 

4  I  believe  that  I  am  correct  in  stating  that  there  is  no  case  recorded,  and  thoroughly 
verified,  in  recent  years,  of  dislocation  of  the  lumbar  or  dorsal  vertebra?,  uncomplicated  with 
any  fracture  of  the  body,  transverse,  or  articular  process. 

5  This  is  in  accordance  with  the  observations  of  Weber  and  Malgaigne.  Thus  the  former 
finds  the  greatest  degree  of  mobility  in  the  cervical  spine  to  be  opposite  the  fifth  cervical 
vertebra. — Malgaigne,  he.  supr.  cit.  t.  ii.  p.  357. 

6  Erichsen,  Science  and  Art  of  Surgery,  vol.  i.  p.  596. 

7  Dr.  Hickerman,  Hamilton,  he.  supr.  cit.  p.  548.  Some  cases  of  successful  reduction 
of  unilateral  displacement  of  spine  will  be  found  here,  and  one  also,  of  very  great  interest, 
of  bilateral  displacement,  is  given  by  Dr.  Hamilton  at  p.  549.  This  case  occurred  in  the 
practice  of  Dr.  Ayres,  of  Brooklyn,  N.Y. 


DISLOCATIONS  OF  THE  SPINE. 


689 


plete  bilateral  dislocations  are  very  fatal :  the  former  can  scarcely  occur  without  the 
cord  being  gravely  injured  between  the  projections  of  the  body  of  the  vertebra  below, 
and  of  the  laminse  of  those  above  ;  in  the  latter  the  equally  fatal  result — for,  as  a  role, 
death  occurs  here  also  within  forty-eight  hours — is  due  to  the  contusion,  or  stretching 
and  dragging,  which  the  cord  undergoes.  Though  any  actual  compression  or  rupture 
may  be  absent,  the  effects  of  any  such  stretching  of  this  part  of  the  cord,  with  its 
close  contiguity  to  the  origin  of  the  phrenic  nerves,  must  be  borne  in  mind. 

The  unilateral  dislocation  has  been  usually  caused  by  direct  violence  applied  to 
the  back  and  side  of  the  neck.  In  some  cases  these  cases  are  easily  recognised  by 
the  head  being  turned  and  fixed  towards  or  over  one  of  the  shoulders  ;  but  this  is  not 
uniformly  the  case.  And  the  same  applies  to  the  constancy  of  any  amount  of 
deformity  at  the  back  of  the  neck.  There  may  be  found  here  loss  of  the  regular  line 
of  the  spinous  processes,  with  a  distinct  dip  at  one  spot  and  abnormal  transverse 
folds  of  the  skin,  while  deeply  in  the  above  dip  the  spinous  process  which  is  wanting 
may  be  felt  displaced  to  one  side.  If,  in  addition  to  the  above,  the  head  and  face  are 
fixedly  turned  over  to  the  opposite  side,  and  one  transvei'se  process  can  be  felt  out  of 
line  and  abnormally  prominent  beneath  the  skin,  the  diagnosis  is  sufficiently  easy ; 
but  in  stout  muscular  necks,  where  direct  violence  has  caused  much  bruising,  the 
case  is  very  different. 

Two  other  symptoms  should  be  mentioned,  viz.  pain  at  the  site  of  injury,  very 
severe  and  increased  by  movement,  but,  it  is  to  be  remembered,  equally  well  marked 
in  severe  sprains  of  the  cervical  spine,  uncomplicated  with  any  displacement.  And 
the  same  may,  I  think,  be  said  of  the  sensation  of  tearing  or  crackling  in  the  neck 
on  which  M.  Malgaigne  1  appears  to  place  importance. 

The  amount  of  loss  of  motor  power  and  of  sensation,  the  estimation  of  which  is 
of  great  importance  when  the  advisability  of  attempting  reduction  is  considered, 
varies  very  much.  Thus  motion  and  sensation  may  be  in  cases  of  diastasis  rather 
than  dislocation  quite  normal  at  first. 

Tingling  and  numbness  or  loss  of  motor  power  in  one  arm,  noticed  immediately 
after  the  accident,  are  probably  due  to  the  displaced  articular  process  of  the  vertebra 
above  having  descended  partially  into  the  upper  intervertebral  notch  of  the  vertebra, 
below,  and  so  causing  interference  with  the  nerve  which  is  there  emerging  from  the 
vertebral  canal.  Where  no  dislocation,  but  simple  diastasis  or  separation  of  the. 
articular  processes  on  one  side,  has  occurred,  the  nerve  may  become  affected  by  the 
effusion  of  inflammatory  products,  and  thus  the  above  numbness  and  loss  of  motor 
power,  though  absent  at  first,  may  occur  later  on.  In  other  cases,  paralysis  of  the. 
lower  extremities,  existing  at  first  and  passing  off  quickly  after  the  dislocation  has 
been  reduced,  has  been  due  to  temporary  pressure  on  the  cord  without  more  serious 
lesion,  while  similar  but  more  abiding  paralysis  may  be  due  either  to  contusion  of 
the  cord-substance  or  to  pressure  on  it  by  inflammatory  exudation,  according  to  the 
date  at  which  the  pai^alysis  first  appears.  In  a  very  interesting  case  of  unilateral 
dislocation  of  the  fifth  cervical  vertebra  reported  by  Prof.  Reyburn,2  the  paralysis, 
slight  at  first,  became  rapidly  aggravated.  Thus  the  patient  at  first  was  able  to,  walk, 
and  there  was  only  partial  paralysis  of  the  right  upper  extremity  ;  this  soon  became 
more  marked,  walking  was  only  effected  with  difficulty,  and  was  limited  to  a  few 
steps;  later  on  the  paralysis  of  the  right  upper  extremity  became  complete,  and 
all  power  of  locomotion  was  lost. 

Treatment  of  dislocation  in  the  cervical  spine.  Question  of  the  advisability  of 
attempting  reduction. — It  is  chiefly  in  the  partial  dislocations,  the  incomplete 
bilateral  and  the  unilateral,  that  this  question  will  arise ;  where  the  dislocation  is 
bilateral  and  complete,  the  damage  to  the  cord  will  be  so  grave  and  irreparable  that 
no  good  will  result  from  attempting  reduction.  But  where,  from  the  examination  of 
the  part  and  the  incompleteness  of  the  paralysis,  the  surgeon  has  to  deal  with  partial 
dislocation,  he  will  have  to  decide  between  leaving  things  as  they  are  or- attempting 

1  Loc.  sup):  cit.  t.  ii.  p.  375. 

*  '  Unilateral  Dislocation  of  the.  Fifth  Cervical  Vertebra,'  Am.  Jov/rn.  Med\  Sei.  1871, 
p.  110. 
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reduction.  With  regard  to  the  advisability  of  the  latter,  three  questions  present  them- 
selves for  an  answer.  What  is  the  probable  condition  of  the  articulation  and  of  the 
cord1?  What  is  the  result  of  these  cases  when  left  alone?  Has  a  sufficient  amount 
of  success  been  met  with  to  justify  interference  1  The  different  conditions  of  the 
articulation,  the  cord,  and  the  neighbouring  nerves  have  been  alluded  to  above. 
The  state  of  the  joint  will  partly  depend  upon  whether  the  injury  have  caused 
actual  dislocation  or  diastasis — i.e.  a  simple  separation,  without  displacement, 
of  the  two  articulating  surfaces.  In  the  latter  case  the  symptoms  may  resemble 
closely  those  of  a  severe  sprain,  the  spinal  canal  and  its  contents  being,  in  some 
cases,  invaded  later  by  inflammation,  extending  inwards,  as  in  the  cases  mentioned, 
p.  63.r).  If  fracture  coexists  with  unilateral  dislocation,  the  displacement  will  be 
rendered  greater,  and  more  difficulty  will  be  met  with  at  first  in  keeping  the  parts, 
when  reduced,  in  position.  But  in  other  cases  where  the  articular  process  is  not 
broken  off,  but  has  its  edge  chipped,  very  considerable  difficulty  may  be  met  with 
in  readjusting  the  displaced  and  embedded  process. 

If  reduction  is  not  effected  early,  attempts  made  later  on  will  probably  be  futile, 
the  displaced  articular  processes  becoming  rapidly  embedded  in  inflammatory  products 
which  l'eadily  calcify.  In  such  cases,  though  the  cord  itself  has  escaped,  tinglings 
may  lie  felt  dining  the  rest  of  life  in  one  extremity,  with  contraction  of  the  muscles  of 
the  forearm  ;  some  wasting  and  stiffness  of  the  hand  ;  the  general  health  remaining 
good ;  or  the  tingling  and  numbness  may  gradually  pass  off  in  the  affected  extremity, 
while  some  deformity  and  impaired  movement  of  the  neck  remains  as  in  the  former 
case. 

Attempts  at  reduction  seem  especially  indicated  in  cases  where  the  paralysis  is 
incomplete,  i.e.  limited  to  one  or  more  groups  of  muscles  in  one  extremity,  accom- 
panied with  numbness  or  tinglings,  and  where  the  powerlessness  does  not  improve, 
but  tends  to  advance.  Local  suffering,  constant  and  unrelieved,  difficulty  in  swallow- 
ing, the  efforts  causing  choking  and  dyspnoea,  are  all  indications  in  the  same  direction. 
If  the  paralysis  of  the  parts  below  be  complete,  with  loss  of  power  over  the  sphincters, 
and  if  serious  dyspncea  be  present,  contusion  or  some  other  grave  lesion  of  the  cord 
probably  exists,  and  reduction,  even  if  effected,  is  not  likely  to  be  of  much  service. 

If  it  be  decided  to  attempt  reduction,  the  patient,  being  placed  on  a  firm  table,  or 
the  head  of  the  bed  having  been  removed,  is  to  be  brought  thoroughly  under  the 
influence  of  an  anaesthetic.  The  patient's  shoulders  having  been  brought  to  the  end 
of  the  table  or  bed,  and  his  head  supported,  counter-extension  is  to  be  made  by  two 
or  more  assistants  with  jack-towels  looped  over  the  patient's  shoulders.  The  surgeon 
then  grasps  the  head  either  with  his  hand  placed  at  the  sides,  the  fingers  meeting 
under  the  chin,  or  with  one  hand  beneath  the  chin  and  the  other  beneath  the  occiput, 
and  having  at  first  (the  dislocation  is  supposed  to  be  upon  the  right  side  and  the  face 
turned  towards  the  left)  carried  the  head  and  displaced  vertebra;  a  little  further 
towards  the  left,  then  makes  powerful  and  steady  extension  upwards  and  backwards, 
finally  carrying  the  parts  over  towards  the  right.  At  the  same  time  a  reliable 
assistant  should  be  directed  to  push  the  displaced  transverse  process  backwards, 
while  with  the  fingers  of  the  other  hand  he  watches  the  amount  to  which  the  parts 
appear  likely  to  yield.  If  the  surgeon  finds  that  all  the  extension  which  be  can 
make  is-  insufficient,  another  pair  of  hands  placed  directly  over  his  may  be  found 
useful  in  maintaining  the  required  amount  of  tiaction. 

As  a  rule,  when  reduction  is  successful,  cure  is  rapid  and  complete.  Rest  in  the 
recumbent  position  should  be  insisted  upon  for  at  least  a  fortnight,  and  appropriate 
remedies  applied  for  meeting  any  inflammation  which  the  force  needful  for  reduction 
may  have  set  up.  In  certain  cases  where  the  neck  remains  weak,  some  form  of 
support  will  have  to  be  worn  for  a  time. 

Hcemorrhage  within  the  vertebral  canal. — After  sudden  sprains,  blows,  falls,  <fec, 
haemorrhage  may  occur  within  the  sj)inal  column,  quite  independently  of  fracture  or 
dislocation,  in  any  of  the  following  situations,  but  much  most  commonly  in  the  first 
and  last.  ((<)  Between  the  vertebrie  and  the  dura  mater,  in  the  extra-meningeal 
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fatty  cellular  tissue.  This  is  the  most  common  of  all ;  it  is  generally  extensive, 
and  is  most  frequently  met  with  in  the  cervical  region  (fig.  100).  (/3)  Into 
the  cavity  of  the  arachnoid;  rare  and  usually  Fm  loo.-Extravasation  of  Blood  he- 

tween  the  Dura  Mater  and  the 


Vertebral  Canal.  Part  of  cervical 
portion  of  spinal  cord.  '  The 
effusion  was  a  consequence  of  a 
subluxation  of  the  third  cervical 
vertebra.  The  man  had  almost 
complete  paralysis  of  all  the 
voluntary  parts  below  the  neck, 
having-  only  a  small  degree  of 
tremulous  motion  in  one  arm,  and 
the  faeces  and  urine  passed  invol- 
untarily. The  patient  lived  six 
weeks.'    ('  Hunt.  M.S.  Catal.') 


diffuse.  Blood  found  in  this  position  may  have 
come  from  above  from  within  the  skull,  (y) 
Beneath  the  arachnoid,  into  the  subarachnoid 
cellular  tissue,  the  rarest  of  all.  (8)  Within 
the  substance  of  the  cord  itself.  Here  the 
haemorrhage  is  usually  confined  to  the  grey 
substance,  and  limited  in  extent. 

Symptoms. — Only  the  first  and  the  last  of 
the  above-mentioned  haemorrhages  need  be  con- 
sidered. In  both,  the  chief  symptom  is  the  rapid 
onset  of  the  symptoms.  In  meningeal  haemor- 
rhage the  symptoms  of  irritation,  e.g.  pain, 
hyperesthesia,  spasm,  tremor1,  or  tonic  contrac- 
tion of  the  muscles,  are  well  marked,  while 
paralysis  is  less  prominent,  though  this  symptom 
will  of  course  vary,  as  to  rapidity  of  its  onset, 
its  intensity  and  extent,  according  to  the  amount 
of  blood  extravasated.  In  haemorrhage  within 
the  cord  itself  the  above  symptoms  of  irritation 
are  less  marked  :  in  this  case  paralysis  of  motion 
and  loss  of  sensation  are  more  prominent,  bed- 
sores and  urinary  disturbances  appear  more 
quickly.  Taken  altogether,  these  cases  of 
haemorrhage  within  the  cord  are  less  favourable, 
death  is  more  common,  and  where  life  is  pro- 
longed the  amount  of  improvement  gained  is 
less,  owing  to  the  secondary  disease  of  the  cord 

Set  up  in  the  vicinity  of  the  clot,  and  often  less  A  thick,  soft,  rusty-yellow  layer  of  blood  in  situ 
,.     .,    ,  .,  at  a,  and  peeled  off  on  the  left-hand  side  as 

limited  than  it. 

The  following  are  cases  of  haemorrhage  within 
the  vertebral  canal ;  the  first  four  of  meningeal 
haemorrhage,  and  the  last  two  of  haemorrhage  within  the  substance  of  the  cord 
itself. 

In  the  first  case  1  fracture  existed,  but  it  will  be  seen  the  cord  and  its  membranes 
were,  save  for  the  pressure  of  the  extravasated  blood,  uninjured.  The  incomplete- 
ness and,  for  a  while,  the  slightness  of  the  paraplegia  is  noteworthy,  this  symptom 
being  probably  due  at  first  to  concussion,  and  subsequently  to  effusion  of  blood  out- 
side the  theca. 

(i.)  A  man,  aet.  40,  fell  from  a  moderate  height,  a  heavy  plank  at  the  same  time  falling 
upon  him.  On  his  being  at  once  brought  into  Guy's  Hospital  there  was  entire  paralysis  of  the 
left  leg,  partial  of  the  right ;  partial  paralysis  of  the  arms  also  existed,  but  he  was  still  able 
to  flex  the  lingers.  In  two  hours  be  had  so  far  recovered  from  the  immediate  effects  of  the 
injury  that  he  could  draw  up  his  legs  and  grasp  with  the  hand.  No  injury  of  spine  was  dis- 
coverable. After  a  restless  night  he  was  found  next  morning  entirely  paraplegic  both  in  the 
upper  and  lower  extremities.  Loss  of  sensation  in  the  paralysed  parts.  Priapism.  Breath- 
ing wholly  diaphragmatic.    Death  fifty-five  hours  after  the  accident. 

Post-mortem  examination. — No  external  evidence  of  injury  to  the  spine.  Extravasation 
of  blood  outside  the  theca  on  its  anterior  aspect.  The  effused  blood  compressed  the  cord, 
which  was  otherwise  uninjured.  The  extravasation  apparently  arose  opposite  to  the  lower 
part  of  the  body  of  the  fourth  cervical  vertebra,  which  was  fractured,  and  the  intervertebral 
substance  torn.  The  calibre  of  the  canal  was  slightly  encroached  upon  by  displacement  of 
the  fourth  vertebra,  but  not  so  much  as  to  press  upon  the  cord.  The  membranes  were 
uninjured. 

The  interest  of  the  following  case 2  lies  chiefly  in  the  injury  which  was  the 
cause  of  the  haemorrhage. 

1  Sir  W.  Gull,  Guys  Hosp.  Septs.  1858,  p.  193. 

2  Mr.  Le  Gros  Clark,  Diagnosis  of  Visceral  Lesions,  p.  144. 
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at  c,  is  seen  to  lie  on  the  posterior  surface  of 
the  dura  mater  b  (this  membrane  is  cut  and 
turned  aside  at  </),  and  also  to  extend  around 
the  nerve-trunks. 
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(ii.)  A  man  was  struck  violently  on  the  back  with  a  chain  cable ;  there  were  no  im- 
mediate symptoms  of  spinal  injury,  but  a  paraplegic  condition  soon  supervened,  and  ex- 
tended rapidly  upwards,  destroying  life  by  asphyxia.  The  theca  was  found  distended  with 
fluid  blood,  derived  from  a  ruptured  spinal  artery. 

It  should  be  observed  with  regard  to  the  next  two  cases  that  in  neither  was  the 
diagnosis  veiified  by  a  post-mortem  examination,  owing  to  the  recovery  of  the  patient, 
and  though  the  symptoms  can  hardly  have  been  dus  to  any  other  cause  than 
haemorrhage. 

(iii.V  A  man,  ret.  34,  previously  in  good  health,  was  carrying  a  heavy  weight  on  his 
back  up  a  ladder,  when  he  suddenly  felt  a  pain  across  the  loins.  His  left  hip  immediately 
gave  way  under  him,  and  he  was  unable  to  lift  the  left  foot  from  the  ground.  At  the  same 
time  his  urine  began  to  dribble  away  from  him,  and  on  the  next  day  faeces  passed  un- 
consciously. Two  months  after,  when  he  came  under  observation,  there  was  much  wasting 
of  the  muscles  of  the  left  leg.  He  was  able  to  stand  with  a  little  help,  but  depended  chiefly 
on  the  right  leg.  His  urine,  ammoniacal  and  purulent,  was  passed  unconsciously.  There  was 
no  power  over  the  accelerator  urinae  or  the  sphincter  ani.  A  small  sacral  bed-sore  existed. 
Slight  hyperesthesia  over  the  paralysed  leg.  Complete  absence  of  galvanic  excitability. 
The  diagnosis — slight  haemorrhage  in  the  pia  mater  on  the  left  side  of  the  cord,  about  the 
origin  of  the  fourth  lumbar  nerve,  dripping  guttatim  downwards,  and  never  of  sufficient 
amount  to  pass  round  the  cauda  equina  to  the  right  side  2 — was  made  from  the  manner  in 
which  the  illness  began,  and  from  a  consideration  of  the  parts  paralysed.  Thus  the  onset 
was  absolutely  sudden  ;  a  strain  on  carrying  a  heavy  weight;  a  pain  low  down  in  the  back, 
all  pointing  strongly  to  haemorrhage.  From  a  consideration  of  the  parts  paralysed  it 
was  clear  that,  as  the  patient  could  bring  the  leg  towards  the  middle  line,  the  obturator 
nerve  (third  and  fourth  lumbar)  was  unaffected.  Part,  however,  of  the  fourth  lumbar,  with 
the  fifth  lumbar,  and  the  first  four  sacral  nerves  unite  to  form  the  great-  sciatic  and  the  pudic 
nerves,  supplying  not  only  most  of  the  muscles  of  the  leg  and  foot,  but  also  the  accelerator 
urinae  and  the  sphincter  ani,  structures  which  were  paralysed.  The  seat-  of  the  lesion  was 
therefore  tolerably  plain,  being  unilateral,  confined  to  the  left  side,  and  situated  not  above 
the  origin  of  the  fourth  lumbar  nerve. 

(iv.)3  A  man  was  injured  in  a  collision,  four  or  five  miles  from  Brighton.  He  walked 
this  distance  with  some  difficulty  into  the  town,  and  within  twenty-four  hours  became 
entirely  paraplegic.  He  recovered  slowly  ;  and  after  the  lapse  of  two  years  was  able  to 
walk  as  well  as  before  flie  accident.  One  spot  on  the  back  was  always  tender,  and  continued 
so  at  times. 

In  the  next  two  cases  the  haemorrhage  took  place  within  the  substance  of  the 
cord  itself.  It  will  be  observed  that  in  the  first  of  them  the  symptoms  closely 
resembled  those  of  a  fracture-dislocation  of  the  cervical  spine. 

(v.)  4  A  irjan  was  admitted  into  St.  Bartholomew's  Hospital,  having  fallen  on  his  head 
from  a  railway  van.  There  was  complete  loss  of  sensation  and  of  motion  in  the  extremities 
and  in  the  trunk  nearly  as  high  as  the  clavicles.  The  respiration  was  entirely  diaphragm- 
atic. No  irregularity  could  be  detected  along  the  spine.  The  patient  became  restless  and 
the  breathing  more  laborious,  and  he  died  within  thirty-six  hours  of  the  accident.  Post- 
mortem e.ram,in,rtHon. — There  was  no  fracture  or  displacement  of  any  portion  of  the  skull  or 
spine.  The  brain  was  carefully  dissected  and  no  lesion  was  discovered,  but  a  longitudinal 
section  of  the  cord  disclosed,  opposite  the  fourth  cervical  vertebra,  a  clot  of  blood  which 
was  extravasated  throughout  its  suhstance  to  an  extent  of  ahout  half  an  inch.  This  was  well 
defined,  and  nothing  wrong  could  be  detected  in  the  adjacent-  or  other  portions  of  the  cord. 

In  the  last  case  the  lesions  of  the  cord  consisted  of  several  capillary  ecchymoses, 
and  not,  as  in  the  one  above,  of  a  single  clot. 

(vi.)s  A  coal  porter,  aet.  slipped  and  fell,  a  sack  of  coals  which  he  was  carrying  on  his  hack 
falling  on  him.  On  admission  immediately  afterwards  there  was  loss  of  motion  of  both  le^s 
and  of  the  left  arm.    The  sphincters  were  paralysed.    There  was  entire  loss  of  sensation  in 


1  Dr.  Ed.  Long  Fox,  'Clin.  Lect.  on  Spin.  Haemorrhage,'  Med.  Times  and  Gaz.  Aug.  23, 
1876. 

2  The  diagnosis  in  this  case — from  the  sudden  onset  of  the  paralysis  (the  motor  power 
in  the  left  foot,  a^nd  control  over  the  bladder  being  lost  immediately)  and  the  subsequent 
muscular  wasting — would  appear  to  me  to  have  been  one  rather  of  haemorrhage  within  the 
substance  of  the  cord  itself  than  in  its  meninges.  Dr.  Long  Fox  has,  however,  kindly  enabled 
me  to  state  that  the  recovery  was  a  complete  one,  a  result  so  favourable  as  almost  to  exclude 
haemorrhage  within  the  cord  itself. 

3  Mr.  Le  Gros  Clark,  he.  supr.  cit.  p.  148. 

4  Mr.  Savory,  Sit.  Beirth.  Hoxp.  Repts.  18G9,  p.  54. 
b  Sir  W.  Gull,  loc.  supr.  cit.  p.  101. 
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the  left  arm  as  high  as  the  deltoid.  He  could  move  the  right  arm  and  had  perfect  sensation 
in  it.  On  examining  the  sensation  in  the  lower  extremities,  it  was  found  to  vary,  returning 
to  spots  where  it  had  just  previously  been  absent.  Slight  priapism.  Breathing  diaphragm- 
atic. After  a  few  hours  sensation  returned  in  every  part,  soon  replaced  by  hyperesthesia, 
this  being  especially  marked  in  the  right  arm.  He  continued  to  have  power  to  move  this. 
Death  thirty-four  hours  after  the  accident. 

Post-mortem  examination,. — No  external  trace  of  injury.  The  membranes  were  healthy. 
Opposite  to  the  fourth  or  fifth  cervical  vertebras  the  substance  of  the  cord  was  contused.  On 
section,  there  was  ecchymosis  of  the  posterior  cornu  on  the  left  side,  and  of  the  adjacent 
parts  of  the  lateral  and  posterior  columns.  There  were  also  other  limited  spots  of  ecchy- 
mosis on  the  right  side,  one  in  the  right  posterior  column,  and  one  in  the  anterior  grey  cornu. 
No  lesion  of  the  anterior  columns.  On  examining  the  spinal  canal  after  the  removal  of  the 
cord,  nothing  abnormal  was  discoverable  in  the  bodies  of  the  vertebrae'  opposite  to  the  lesion 
of  the  cord,  but  on  dissecting  off  the  posterior  ligament  the  body  of  th'e  fourth  was  found 
separated  from  that  of  the  fifth,  and  the  left  articular  process  of  the  fourth  iiad  been 
chipped  off.1 

Treatment. — Even  if  the  haemorrhage  should  have  appeared  to  have  stopped 
for  the  time,  every  care  should  be  taken  to  prevent  its  recurrence  or  extension. 
Amongst  the  precautions  will  be  absolute  rest  upon  the  side  or  face,  the  application 
of  cold  to  the  spine  either  by  ice-bags  or  by  coiled  tubing,  subcutaneous  injections 
of  ergotin,  local  blood-letting,  or  even,  in  certain  cases,  venesection.  Possible 
saqueke,  bed-sores,  cystitis,  &c.  will  call  for  most  careful  and  unremitting  atten- 
tion (see  p.  666).  Later  on  the  absorption  of  the  extravasation  and  the  repair 
of  secondary  myelitis  may  be  hastened  by  the  treatment  recommended  below  for 
meningo-myelitis  (p.  696). 

Inflammation  of  the  spinal  membranes  after  injuries  of  the  spine.  Traumatic 
meningitis. — In  any  attempt  to  discuss  the  above  we  meet  with  the  following  diffi- 
culties. Inflammation  of  the  spinal  membranes,  though  long  recognised,  has  only  of 
late  been  closely  studied,  and  reliable  distinctions  between  inflammations  of  the  different 
membranes  have  as  yet  scarcely  been  made  out.  Furthermore,  spinal  meningitis  is 
often  complicated  with  inflammation  of  the  cord  itself,  and,  again,  spinal  and  cerebral 
meningitis  often  coexist,  as  in  the  case  on  p.  694. 

The  following  varieties  of  inflammation  of  the  spinal  membranes  are  mentioned 
below,  since  they  have  been  described  by  one  of  the  best  recent  writers.2  It  is  still 
much  to  be  desired  that  every  attempt  should  be  made  to  collect  evidence  based  on 
morbid  anatomy  and  clinical  enquiry  alike,  so  as  to  verify  the  various  lesions  which 
have  been  described  and  to  test  the  reliability  of  the  symptoms  which  have  been 
assigned  to  them. 

(i.)  Inflammation  of  the  spinal  dura  mater. — Two  forms  have  here  been  dis- 
tinguished, according  to  the  surface  of  the  membrane  attacked. 

(a)  Inflammation  of  the  outer  surface  of  the  dura  mater  and  its  surrounding 
cellular  tissue. — In  this  form  of  meningitis  the  membrane  may  become  involved  in 
inflammatory  mischief  beginning  in  front  or  invading  them  from  behind.  Instances 
of  the  former  are  seen  in  cases  of  vertebral  caries  of  traumatic  origin  where  the 
mischief  is  not  arrested  in  its  earlier  stages.  In  such  the  inflammatory  mischief 
works  its  way  backwards,  and,  no  deformity  being  of  necessity  present,3  causes 
ulceration  of  the  posterior  common  ligament,  and  then  sets  up  in  the  anterior  face  of 
the  dura  mater  a  caseous  meningitis,  which,  as  in  the  case  mentioned  at  p.  695,  may 
lead  to  further  and  inevitable  changes  in  the  cord  itself.  Or  the  inflammation  of 
the  dura  mater  may  be  started  by  mischief  behind  it.  Thus  inflammation  creeping- 
inwards  from  a  sacral  bed-sore  may  set  up  a  fatal  meningitis  in  the  closely  contiguous 
theca.4  The  following  is  an  instance  of  acute  meningitis  set  up  by  a  blow  on  the 
back,  the  violence  being  apparently  slight. 

1  As  has  been  alluded  to  already.  This  case  is  an  instance  of  how  easily  a  fracture  may 
be  overlooked  without  most  carefui  examination. 

2  Prof.  Erb,  Ziemssen's  Cyd.  of  Med.  vol.  xiii.  pp.  216,  226. 

3  On  this  point  the  reader  is  referred  to  p.  636. 

4  Mr.  Hilton,  Best  and  Pain,  3rd  ed.  p.  370,  fig.  73. 
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A  boy,1  set  15,  after  a  blow  on  the  loins  from  the  fist  of  another  boy,  was  seized  with 
severe  local  pain,  followed  by  pyrexia.  The  pain  in  the  back  increased,  and  a  little  later 
was  complained  of  in  all  parts  of  the  body,  but  especially  in  the  extremities.  An  abscess 
formed  on  the  right  side  of  the  sacrum,  and  was  opened.  There  was  no  paraplegia.  The 
head  was  drawn  bach  as  in  opisthotonos.    Death  took  place  twenty-two  days  after  the  injury. 

Post-mortem  examination. — Pus  from  the  abscess  had  penetrated  the  vertebral  canal,  the 
cauda  equina  lying  bathed  in  pus.  The  membranes  were  inflamed  throughout,  and  the 
purulent  effusion  extended  as  high  as  the  dorsal  region.  There  was  also  some  exudation 
beneath  the  visceral  arachnoid.  The  cord  itself  wras  healthy.  There  were  traces  of  arachnitis 
over  the  whole  surface  of  the  brain. 

(/3)  Inflammation  of  the  inner  surface  of  the  dura  mater. — This  leads  either  to 
simple  hypertrophic  thickening  of  the  dura  mater  with  connective  tissue,  or  to  a 
hemorrhagic  form,  the  extravasated  blood  partly  becoming  sacculated,  partly  form- 
ing false  membranes.  It  is  well  known  that  a  condition  similar  to  the  hemorrhagic 
form  is  occasionally  met  with  after  injuries  of  the  skull,  but  it  is  doubtful  how  far 
such  a  lesion  of  the  spinal  membranes  is  ever  traumatic  in  origin. 

(ii.)  Inflammation  of  the  spinal  pia  mater  and  arachnoid. — This  form  very  fre- 
quently has  a  traumatic  origin,  e.g.  falls,  blows,  stabs,  fractures,  &c.  It  may  occur 
with  or  without  inflammation  of  the  dura  mater,  and  is,  in  the  acute  form,  very  fre- 
quently complicated  with  inflammation  of  the  cord  itself,  while  the  chronic  form  often 
involves  the  nerve  roots,  and  so  causes  disturbances  of  motion  and  sensation. 

Symptoms  common  to  the  different  forms  of  meningitis,  (n)  Fain. — This  is 
often  very  severe,  deep-seated,  boring,  increased  by  movements  of  the  body,  and  asso- 
ciated with  similar  pains  in  the  limbs  or  round  the  trunk.  It  is  explained  by  the 
jiresence  of  inflammatory  irritation  of  the  membranes,  especially  of  the  pia  mater, 
which  is  so  richly  supplied  with  nerves,  and  of  the  posterior  nerve-roots. 

Rigidity  of  the  spine  and  limbs. — The  stiffness  of  the  spine  may  amount 
even  to  opisthotonos.2  In  the  extremities  painful  spasms  and  more  or  less  rigid 
contractions  are  met  with,  brought  about  by  the  inflammatory  irritation  of  the  motor 
roots  and  perhaps  also  of  the  motor  paths  in  the  lateral  columns  of  the  cord. 

(y)  Hypera'sthesia. — This  is  always  present  and  oftsn  most  acute,  more  particu- 
larly in  the  lower  half  of  the  body.  In  part  at  least  it  is  to  be  explained  by  inflam- 
matory irritation  of  the  posterior  roots. 

(c)  Emaciation. — This  is  often  rapid  and  extreme,  owing  to  the  pain,  the 
loss  of  sleep,  and  pyrexia. 

(c)  Disturbances  of  respiration. — When  the  meningitis  has  attacked  the  cervical 
region,  either  primarily  or  by  extension  from  below,  the  above  are  of  extreme 
importance. 

Prof.  Erb3  explains  the  presence  of  different  degrees  of  accelerated  breathing  and 
dyspnoea,  even  up  to  asphyxia,  on  the  following  supposition — viz.  irritation  of  the 
cervical  nerves,  causing  spasmodic  tension  and  irritation  of  the  respiratory  muscles  ; 
at  a  later  period  paralysis  of  the  respiratory  paths  in  the  lateral  columns  of  the 
cervical,  medulla;  and  finally  the  direct  affection  of  the  medulla  oblongata  and  the 
centres  of  respiration  which  it  contains. 

Acute  inflammation  of  the  spinal  cord.  Myelitis. — By  this  is  meant  the  acute 
traumatic  form  which  follows  on  fractures,  contusions,  stabs,  &c.  It  is  obvious  that 
in  such  cases  this  lesion  will  often  be  complicated  with  meningitis. 

Symptoms.— A  few  only  of  the  most  important  will  be  given  here,  and  an 
attempt  made  to  give  the  principal  diagnostic  points  between  myelitis  and  other 
traumatic  lesions,  such  as  meningitis  and  hemorrhage  within  the  vertebral  canal. 

(a)  Pain. — This,  if  present,  as  it  often  is,  in  the  back,  is  not  at  first  so  intense  as  in 

1  This  case  was  under  Mr.  Birkett's  care  in  Guy's  Hospital,  and  is  related  by  Dr.  Wilks, 
l)k.  of  the  Nerv.  Syst.,  p.  204.  Another  case  of  acute  meningitis  will  he  found  here,  also  in 
a  boy,  after  a  fall  on  the  back;  in  this  case  the  inflammation  of  the  membranes  occurred 
without  any  previous  suppuration  having  extended  inwards  from  the  soft  parts. 

2  This  symptom,  usually  only  present  towards  the  last,  is  often  absent  altogether.  The 
knees  are  frequently  drawn  up  towards  the  abdomen,  and  the  heels  towards  the  nates,  the 
patient  lying  on  the  back  or  aide.  3  Loc.  supr.  cit.  p.  241. 
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acute  spinal  meningitis ;  it  is  not  increased  by  movements  of  the  body,  nor  is  it 
usually  accompanied  by  the  painful  spasms  and  rigid  contractions  of  the  limbs  which 
are  so  often  met  with  in  meningitis.  Lastly,  the  pain  is  not  only  less  severe,  but 
also  more  temporary. 

(j3)  Disturbances  of  sensation. — Amongst  these  are  commonly  alterations  of  sensa- 
tion, formication,  furviness,  numbness,  &c.  usually  replacing  the  violent  shooting 
pains  or  the  extreme  hyperesthesia  of  acute  spinal  meningitis.  In  severe  cases 
anaesthesia  up  to  a  certain  height,  complete,  and  setting  in  early  is  well  marked. 

(y)  Motor  paralysis. — While  twitchings  and  spasmodic  contraction  of  muscles 
may  be  present  early,  especially  when  meningitis  coexists,  rapid  motor  paralysis  is  a 
much  more  constant,  important,  and  characteristic  symptom.  Paraplegia  is  the 
most  common  form  met  with.  Paralysis  of  the  sphincters  also  sets  in  quickly,  and 
after  a  very  few  days  (e.g.  two  to  eight)  the  urine  is  alkaline. 

0)  Bed-sores  occur  early  and  constantly. 

(e)  Disturbances  of  reflex  action.— These  are  often  of  great  value  as  aids  in  the 
localising  of  the  myelitis  and  estimating  its  extent.  The  more  completely  and 
generally  the  reflex  action  persist,  the  more  intact,  generally  speaking,  will  be  the  grey 
matter.  Where  a  portion  of  the  grey  matter,  itself  intact,  is  cut  off  from  the  brain 
by  a  myelitis  (e.g.  the  grey  matter  in  the  lumbar  enlargement  by  a  traumatic 
myelitis  in  the  dorsal  cord),  the  reflexes  normally  associated  with  the  former  part  of 
the  cord  will  be  intensified. 

In  the  following  case1  the  rapid  onset  of  paralysis  and  the  early  appearance  of 
bed-sores,  &c.  are  well  marked. 

A  labourer  at  the  Commercial  Docks,  ret.  25,  while  lifting  some  deals,  felt  a  sudden  pain 
in  the  hack.  He  walked  to  his  home,  a  mile  and  a  half,  and  on  the  following-  day  was 
apparently  quite  well.  The  next  morning-  the  legs  were  paralysed.  When  admitted  into 
Guy's  Hospital,  on  the  fourth  day  after  the  accident,  there  was  complete  paraplegia,  a  bed- 
sore had  already  begun  to  form  over  the  sacrum,  and  ammoniacal  urine  dribbled  from  the 
bladder.    He  died  exhausted  in  six  weeks. 

Post-mortem  examination. — Large  sacral  bed-sore.  The  bones  and  ligaments  of  the  spine 
were  carefully  examined,  but  no  trace  of  injury  was  discovered  opposite  to  the  fifth  and 
sixth  dorsal  vertebra?,  the  cord  was  softened  through  all  the  columns  into  a  thick,  greenish, 
muco-puriform  fluid,  with  a  tinge  of  brown.  Microscopically  it  here  consisted  of  disintegrated 
nerve  tissue,  with  a  few  irregular  collections  of  granules.  The  cord  was  not  enlarged  at  the 
softened  part,  nor  was  there  any  trace  of  intiammatoiy  exudation  in  it  or  upon  the  membranes 
covering  it,  though  to  the  unassisted  eye  it  had  the  appearance  of  an  irregular  undefined 
abscess.  The  lumbar  and  cervical  portions  of  the  cord  had  the  normal  appearance  and 
firmness. 

The  chief  interest  of  this  case  is  that  it  proves  that  the  cord  may  be  fatally 
damaged  by  a  violent  exertion,  without  any  affection  of  the  bones,  ligaments,  or 
meninges.  Sir  W.  Gull,  with  reference  to  this,  remarks,  '  Why  this  should  rather 
occur  in  the  dorsal  region  is  obvious,  since  the  curve  of  the  column  is  most  marked 
and  the  cord  is  thinnest  at  this  part.  It  is  a  matter  also  of  common  clinical 
experience  that  the  cord  is  very  prone  to  softening  in  the  dorsal  region,  from  which 
we  may  perhaps  infer  that,  in  addition  to  its  being  here  more  subject  to  injury,  it 
has  a  more  feeble  organisation  than  the  cervical  and  lumbar  enlargements.  The  change 
in  the  cord  was  seen  by  the  microscope  to  be  due  to  mere  disintegration.  There 
was  no  evidence  of  any  plastic  exudation.  The  greenish  and  brownish  tints  of  the 
softened  part  were  probably  due  to  blood-colouring  matter.  We  may  infer  from  the 
quality  of  the  local  changes,  which  appear  to  have  been  quite  passive,  and  from  this 
slight  coloration,  that  the  immediate  effect  of  the  injury  was  upon  the  capillary  cir- 
culation, leading  to  effusion  of  blood  and  subsequent  atrophy.' 

Diagnosis  of  acute  myelitis. — The  chief  points  are  the  acute  commencement  with 
fever  after  an  injury;  the  early  development  of  paralysis  and  its  completeness; 
the  rapid  supervention  of  bed-sores ;  the  marked  depression  of  temperature  in  the 
paralysed  parts  ;  and  the  disturbance  of  reflex  action. 

The  chief  acute  diseases  from  which  the  surgeon  will  have  to  distinguish  myelitis 
are  : — 

1  Sir  W.  Gull,  loc.  sup:  cit.  p.  189. 
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1 .  Acute  meningitis ;  with  this  myelitis  is  often  combined.  In  the  former  the 
pain  is  more  severe,  the  rigidity  of  the  spine,  the  painful  contractions  of  the  limbs, 
the  hyperesthesia,  are  usually  more  marked ;  while  the  paralysis,  the  bed-sores,  and 
the  atrophy  of  the  limbs  are  much  less  prominent,  and  usually,  when  present,  more 
deferred. 

2.  Haemorrhage  into  the  membranes.  This  may  be  known  by  the  absence  of 
fever,  the  greater  abruptness  of  the  onset,  by  the  fact  that,  unless  the  haemorrhage 
be  unusually  large,  the  actual  loss  of  motion  and  sensation  is  less  than  in  myelitis, 
and  also  by  the  more  favourable  tendency  of  the  case. 

3.  Hemorrhage  within  the  substance  of  spinal  cord.  The  chief  points  in  the 
diagnosis  here,  which  is  often  very  difficult,  are  the  absence  of  fever  and  the  more 
rapid  onset  of  the  paralysis,  which  is  also  absolute  in  the  affected  parts ;  thus,  according 
to  Prof.  Erb;1  the  paraplegia  requires  hours  or  days  for  development  in  simple  myelitis  ; 
in  haematomyelia  minutes  or  quarters  of  an  hour  ;  this  statement  being  borne  out  by 
a  comparison  of  the  cases  of  haemorrhage  within  the  substance  of  the  cord  at  pp.  691, 
(392,  and  that  of  traumatic  myelitis  at  p.  695,  paraplegia  occurring  immediately  in 
the  two  former,  but  not  till  the  second  day  in  the  latter. 

Treatment  of  acute  meningitis  or  myelitis. — This  should  be  energetic  at  first  and 
painstaking  afterwards  if  any  good  result  is  to  follow  Blood  may  be  withdrawn, 
especially  in  the  plethoric  or  robust,  from  the  region  of  the  spine  by  wet  cupping  or 
leeches.  Then  cold  should  be  applied  by  means  of  ice-bags  or  coiled  tubing  and  iced 
water.  If  the  surgeon  follow  in  the  old  lines,  he  will  employ  mercury  by  injection 
or  calomel  internally ;  if  he  walk  by  more  recent  lights  he  will  employ  ergot  with 
belladonna  and  aconite.  Revulsives  or  energetic  derivatives  to  the  skin  must  be 
employed  with  great  caution.  Thus  Hammond  2  speaks  of  the  value  of  the  actual 
cautery  applied  in  streaks  or  points  at  the  seat  of  the  lesion.  The  surgeon  will  do 
Avell  not  to  apply  the  hot  iron  where  the  skin  is  very  anaesthetic  already,  or  to  a  spot 
which  is  exposed  to  constant  pressure,  for  fear  of  causing  bed-sores.  Absolute  rest 
on  a  water-bed,  the  patient  lying  on  his  side  or  abdomen,  should  be  enforced.  Painful 
spasms,  twitchings,  or  contractions  should  be  treated  by  opium  or  morphia,  if  bella- 
donna and  potassium  bromide  fail.  The  treatment  of  the  later  symptoms  will  be 
alluded  to  under  the  chronic  forms  of  the  disease  (p.  697),  while  other  most  important 
symptoms,  e.g.  cystitis  and  bed-sores,  have  been  described  under  the  head  of  fractures 
of  the  spine. 

Every  attempt  should  be  made  by  most  careful  nursing,  a  diet  of  easily  digested  but 
nourishing  food,  minute  attention  to  the  state  of  the  skin  and  bladder,  to  tide  the 
patient  over  the  first  few  weeks. 

Chronic  meningitis  and  myelitis.  Chronic  meningo-myelitis? — This  may  be  seen 
by  the  surgeon  in  one  of  three  forms  : — (A.)  Consecutive  to  the  acute.  (B.)  After 
falls,  shocks,  contusions  of  the  spine,  and  especially  railway  accidents,  with  or  without 
direct  injury  to  the  spine.    (C.)  After  inflammation  of  the  vertebral  canal. 

Symptoms. — These  often  remain  slight,  and  are  hard  to  recognise,  being  also 

1  Loc.  supr.  cit.  p.  uOfi. 

2  Loc.  supr.  cit.  p.  449.  Erb  also,  lor.  supr.  cit.  p.  424,  says :  '  In  severe  and  threatening  cases 
(particularly  in  cases  of  ascending  central  myelitis)  we  need  not  hesitate  to  give  them  (e.g. 
the  hot  iron)  a  very  thorough  trial,  since  the  great  danger  in  which  the  patients  are  placed 
justifies  the  use  of  severe  and  even  dangerous  remedies.' 

8  As  a  rule  the  cord  itself  is  implicated  in  these  cases,  though  to  a  varying  amount. 
Thus  chronic  degenerative  changes  may  be  present  in  an  annular  form  beneath  the  pia 
mater,  or  as  patches  in  more  lengthened  tracts  in  certain  columns,  or  as  a  complete  transverse 
lesion,  or,  finally,  a  more  extensive  form  ascending  in  the  posterior  columns,  descending  in 
the  lateral,  may  be  met  with.  In  rarer  cases  the  cord  alone  is  involved  in  a  chronic  change, 
the  membranes  being  unaffected.  The  explanation  of  these  differences  lies  in  the  original 
lesion,  which  has  started  the  chronic  change  either  in  the  meninges  or  the  cord  itself.  Thus 
in  chronic  inenigitis,  e.g.  one  set  up  by  an  injury  to  the  spine,  chronic  myelitis  will  also  be 
found,  the  mischief  usually  extending  inwards."  But  the  converse  is  not  necessarily  true 
when  the  degenerative  change  is  within  the  cord  itself  from  the  first,  e.g.  a  myelitis  set  up 
originally  by  capillary  haemorrhages  into  the  grey  matter,  the  meninges  may  be  found 
normal,  as  in  the  case  of  Dr.  Gowers,  p.  701. 
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slower  than,  and  without  the  fierceness  of  onset,  the  fever,  and  the  prominence  of 
those,  of  the  acute  form  of  meningitis. 

Pain  in  the  back  and  limbs,1  spasmodic  contractions  of  the  limbs,  sudden  start- 
ings,  are  commonly  present,  but  in  a  less  marked  form. 

Alterations  of  sensation- — e.g.  tingling,  numbness,  formication,  firmness- — are 
usually  observed,  and  as  the  case  continues  deepen  into  loss  of  sensation. 

Paralysis. — This  advances  gradually,  and  often  with  a  latent  insidious  course. 
It  often  fluctuates  at  first,  these  variations  being  perhaps  connected  with  temporary 
differences  in  the  amount  of  inflammatory  exudation,  in  the  fulness  of  the  vessels  and 
quantity  of  fluid  in  the  sub-arachnoid  space.  The  patient's  gait  becomes  unsteady, 
rolling,  like  that  of  a  partially  intoxicated  person.  The  foot  is  raised  with  difficulty, 
the  toes  are  sometimes  depressed,  and  at  others  they  are  raised,  and  the  heel  drags  in 
walking ;  the  body  is  kept  erect,  and  carried  somewhat  backwards.  Little  by 
little  the  power  of  moving  is  lost ;  when  an  attempt  is  made  to  stand,  the  legs 
give  way  ;  even  when  the  patient  is  lying  down  the  movements  grow  weaker,  and 
finally  the  case  ends  in  complete  paralysis.  The  sphincters  are  often  involved  as 
the  case  goes  on,  the  bladder  being  the  earlier  affected.  Reflex  activity  is  usually 
distinctly  increased  at  first,2  strange  and  active  movements  of  paralysed  lower  limbs 
following  the  slightest  touch,  or  manipulations  which  may  be  daily  needful,  such  as 
the  introduction  of  a  catheter  or  enema-nozzle,  the  dressing  of  a  bed-sore,  <fec.  Later 
on  this  activity  becomes  much  diminished  or  abolished  altogether. 

Treatment  of  chronic  myelitis  and  meningitis,  or  meningo-rnyelitis. — This  will 
be  more  favourable  in  cases  of  chronic  meningitis  or  in  meningo-rnyelitis  the  more 
the  membranes  are  affected.  The  earlier,  also,  the  case  is  taken  in  hand  the  more 
encouragement  is  there  to  try  the  following  remedies — e.g.  dry  cupping,  flying  blis- 
ters, liniments,  potassium  iodide  in  combination  with  mercury  perchloride,  warm  baths 
and  douches,  galvanism  — i.e.  the  constant  current  over  the  affected  part  of  the  cord 
every  day  for  five  or  ten  minutes,  and  the  induced  current  to  the  paralysed  muscles 
for  half  an  hour  daily,  in  the  hope  of  promoting  their  nutrition,  and  so  preventing 
any  tendency  to  atrophy  from  disuse.  In  myelitis  less  is  to  be  expected  from  treat- 
ment. Benefit  may  be  hoped  for  from  dry  cupping  every  few  days]  lukewarm  baths 
with  douches  and  frictions  applied  to  the  affected  part  of  the  spine  ;  a  mild  course  of 
hydropathy,3  carefully  regulated  under  medical  supervision,  in  the  earlier  stages  of  a 
more  soothing,  later  on  of  a  more  stimulating,  character;  the  constant  current  over 
the  spine,  care  being  taken  that  the  current  is  not  too  strong,  that  the  sittings  are 
short,  and  that  a  fair  trial  is  given  to  this  part  of  the  treatment.  Special  internal 
remedies  will  be  found  of  little  use  in  chronic  myelitis  following  on  injury;  quinine, 
iron,  cod-liver  oil,  nux  vomica,  with  nutritious  diet  and  fresh  air,4  will  give  better  re- 
sults. When  lying  down  the  patient  should  be  on  his  back  as  little  as  possible.  Finally, 
different  symptoms,  cystitis,  bed-sores,  &c,  may  require  attention  (pp.  666,  667). 

Concussion  of  the  spinal  cord.5  Use  of  the  term. — This  should  be  reserved  for 
those  cases  where,  after  injury,  disturbances  of  the  functions  of  the  cord,  varying  in 
severity,  and  probably  originating  in  molecular  disturbance  of  the  intimate  structure 
of  the  cord,  have  occurred  without  any  obvious,  direct  lesion  of  the  vertebral  column 
or  cord. 

1  These  pains  have,  at  first,  been  often  mistaken  for  rheumatism. 

2  It  is  probable  that  in  mist  of  the  ca9es  the  increase  of  reflex  activity  is  due  to  a  com- 
bination of  the  two  conditions  which  are  kuown  to  lead  to  it,  viz.  destruction  of  the  connec- 
tion between  the  reflex  apparatus  and  the  brain,  and  abnormal  irritability  of  the  grey 
substance. 

3  '  The  water  cure  is,  all  things  considered,  one  of  the  most  important  and  most  promising 
means  of  treating  chronic  myelitis.' — Erb,  loc.  supr.  cit.  pp.  462  and  171. 

4  Wherever  it  he  feasible  the  patient  should  be  drawn  out  in  the  recumbent  position  or 
in  a  wheel-chair.  As  soon  as  patients  can  get  about,  only  so  much  exercise  is  to  be  allowed 
as  can  be  indulged  in  without  fatigue,  otherwise  a  relapse  is  inevitable. 

5  '  Concussion  of  the  spine  '  is  the  term  used  by  some  writers,  e.g.  Mr.  Erichsen.  But  as 
we  speak  of  concussion  of  the  brain,  not  of  the  skull,  I  have  preferred  to  use  the  above. 
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The  difficulty  met  with  in  giving  a  comprehensive  and  intelligible  definition  of 
concussion  of  the  spinal  cord  arises  from  the  following  causes.  The  proper  nature 
of  concussion  of  the  cord  is  still  doubtful,  chiefly  because  there  have  as  yet  been  so 
few  opportunities  of  studying  minutely  the  morbid  anatomy  of  the  cases  to  which 
the  above  term  should  be  applied.  Though  not  uncommon,  and  now  much  better 
recognised,  cases  of  spinal  concussion  per  se  do  not  end  fatally  1  before  a  period  when 
some  other  lesion,  clinically  more  clearly  defined,  and  with  a  recognised  morbid 
anatomy  of  its  own,  has  occurred  to  complicate  the  original  case.  Furthermore,  it  is 
probable  that  opportunities  of  investigating  the  morbid  anatomy  of  spinal  concus- 
sion will  seldom  be  at  hand,  as  it  is  obvious  that  usually  any  injury  of  sufficient  vio- 
lence to  cause  fatal  concussion  must  also  be  so  severe  as  to  cause  fatal  lesions  else- 
where— e.g.  of  the  brain.  Another  source  of  difficulty  met  with  in  defining  spinal 
concussion  lies  in  the  fact  that  hitherto  the  term  has  been  used  loosely  and  vaguely  in 
cases  which  with  more  care  might  have  been  more  exactly  and  therefore  differently 
interpreted.  Again,  other  conditions  have  been  mixed  up  with  it ;  thus  contusion  of 
the  cord,  haemorrhage  within  the  spinal  canal  and  in  the  substance  of  the  cord  itself, 
these,  and  various  other  conditions,  which  have  only  this  in  common  with  spinal 
concussion,  that  there  is  no  external  injury  of  the  spine  such  as  fracture  or  disloca- 
tion, have  been  confused  with  it. 

Finally,  the  influence  of  shock  has  not  been  sufficiently  taken  into  account  in  the 
consideration  of  contusion  of  the  cord.  This  may  be  twofold.  At  the  same  time 
that  terror  or  intense  emotion  produces  a  condition  of  shock  of  the  brain,  violence 
applied  to  a  distant  part,  as  when  a  patient  is  flung  violently  on  his  knees  or  side 
in  a  railway  collision,  may,  by  means  of  the  afferent  nerves,  cause  a  condition  of 
shock  of  the  cord.  Here  the  effect  of  the  shock  is  immediate,  primary.  As  an 
instance  of  the  secondary,  later  effects  of  shock,  it  may  be  suggested  that  this,  when 
intense,  may  play  an  important  part  by  interference  with  the  nutrition  of  the  cord 
in  the  production  of  those  later  sequela?  of  concussion  of  the  cord  which  too  often  are 
the  best  proofs  of  the  serious  gravity  of  this  condition.  But  in  neither  of  these 
cases  have  we  true  spinal  concussion. 

The  above  conditions  having  been  excluded,  the  questions  may  be  asked — By  what 
right  is  the  term  concussion  of  the  cord,  even  when  thus  limited,  made  use  oil  What 
evidence  is  there  of  such  a  condition  being  a  bona,  fide  one  ?  In  answer  to  this 
question,  some  suggestions,  which  will  shortly  be  given,  are  what  we  have  chiefly 
to  fall  back  upon.  In  answer  to  another  question,  What  is  the  proper  nature 
of  spinal  concussion  1  it  must  be  confessed  that  as  yet  the  time  has  scarcely  come 
for  giving  a  decided  answer.  Morbid  anatomists  have  not  hitherto  succeeded 
in  returning  anything  like  a  complete  or  definite  report.  The  difficulties  here  met 
with  have  been  already  alluded  to.  Not  only  is  it  rare  for  cases  of  spinal  concus- 
sion to  prove  fatal  before  a  period  when  some  other  definite  morbid  lesion  [e.g. 
meningo  myelitis)  has  had  time  to  supervene  ;  but  it  is  only  of  late  years  that  the 
spinal  cord  has  been  more  frequently  examined,  and  that  it  has  been  clearly  recognised 
that  a  cord  may,  after  removal,  seem  quite  normal,  both  in  appearance  and  consist- 
ency, and  yet  on  microscopical  examination  be  extensively  diseased.2  The  anatomical 
report  being  thus  incomplete,  any  views  as  to  the  pathology,  and  therefore  the  real 
nature  of  spinal  concussion,  must  be  left  at  present  ill  defined,  and  till  morbid 
anatomy  puts  us  in  possession  of  more  facts  we  must  be  content  to  fall  back  on  sug- 
gestions and  hypotheses.    Amongst  these  are  the  following. 

After  fracture  of  the  dorsal  spine  complete  paralysis  of  certain  centres,  e.g.  of 
micturition  and  defalcation,  situated  in  the  lumbar  enlargement,  follows  on  the 
violence  inflicted  on  the  spine  above.  No  injury  has  been  inflicted  on  the  cord 
below,  and  there  has  been  no  time  for  inflammation  to  supervene,  and  so  the  paralysis 
of  these  lumbar  centres  is  said  to  be  due  to  concussion.  The  paralysis  here  is  often 
temporary,  but  it  is  readily  intelligible  that,  after  concussion  of  the  upper  part  of  the 

1  See  below,  p.  701 . 

2  As  in  the  very  interesting  case  recorded  by  Dr.  Gowers,  and  quoted  at  p.  701. 
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cord,  paralysis  of  other  centres,  e.g.  those  of  respiration,  may  follow,  the  suspension 
of  whose  function,  even  for  awhile,  is  not  compatible  with  life.1 

Mr.  Savory,2  in  discussing  concussion  of  the  brain  and  cord  and  the  corresponding 
lesions,  makes  the  following  suggestive  remarks  : — • 

'  Perhaps  too  much  has  been  made  of  the  fact  that  there  does  not  appear  to  be 
on  record  any  unequivocal  instance  of  immediate  death  from  concussion  of  the  brain 
pure  and  simple.  For,  although  direct  evidence  of  the  fact  in  this  form  may  be 
wanting,  there  is,  it  would  appear,  at  least  enough  of  indirect  evidence  to  show 
that  a  fatal  case  of  concussion  of  the  brain,  without  any  visible  lesion,  may  occur 
to-morrow. 

'  In  fatal  cases  of  concussion  accompanied  by  visible  injury  of  brain- substance  or 
other  morbid  appearance,  will  the  lesion  discovered  always  suffice  to  explain  the  result  % 
Is  there  enough  in  what  is  seen  to  account  for  sudden  death  %  On  the  contrary,  there 
is  evidence  to  show  that  in  other  cases  lesions  more  extensive  than  these  are  com- 
patible with  life.  Contusion  of  the  brain  may,  and  does,  occur  without  producing 
any  symptoms  at  all,  or  none  until  some  time  after  the  injury.  Surely,  then,  the  fatal 
result  in  some  of  these  cases  must  be  attributed  to  the  effects  of  concussion,  beyond 
those  that  are  visible.  And  may  not  the  difficulty  of  demonstrating  the  fatal  effects 
of  pure  and  simple  concussion  be  due  to  the  fact  that  when  concussion  of  itself  is 
severe  enough  to  destroy  life,  it  is  almost  always  severe  enough  to  cause  visible 
lesion,  or  at  least  some  vascular  disturbance  or  extravasation  which  may  be  noted 
afterwards  1 

'  Moreover,  in  the  great  majority  of  cases  of  bruising  of  the  brain,  the  contusion 
is  circumscribed  and  more  frequently  found  at  the  under  part  of  the  cerebellum  and 
cerebrum  than  in  any  other  place.  The  unconsciousness  and  collapse  can  hardly  be 
referred  to  this.' 

The  effects  which  immediately  follow  injury  of  the  brain  or  spinal  cord,  even 
when  attended  with  visible  damage  to  structure,  must  in  many  cases  be  due  to  the 
shock  of  the  violence  rather  than  to  the  lesion.  For  these  effects  are  often  transient ; 
they  pass  off,  while  the  damage  done  to  the  structures  remains  much  as  it  was  at  the 
time  of  the  accident.  If  the  collapse  or  unconsciousness  depends  on  the  fracture 
or  depression  of  bone,  or  upon  any  bruising  or  laceration  of  nerve-centre,  how  can  we 
account  for  the  sometimes  rapid  recovery  with  such  mischief  still  existing  ?  Such 
instances  seem  to  demonstrate  that  in  the  simpler  cases  of  concussion,  where  there 

1  In  support  of  the  above  statement,  and  showing  the  effects  which  concussion  of  the 
upper  cervical  spine  may  produce  upon  the  contained  nerve  structures,  the  following  case, 
which  has  been  reported  by  Dr.  Buzzard  (Clin.  Soc.  Trans,  vol.  ix.  p.  145),  may  be  quoted 
here. 

A  patient,  pet.  41,  received  a  sudden  shock  by  taking  an  unexpected  step  of  three  feet  in 
getting  out  of  a  train.  He  felt  at  once  a  '  rick  '  in  his  neck,  and  a  numb  sensation  across 
the  lower  cervical  vertebras,  but  was  able  to  walk  three-quarters  of  a  mile  to  his  home. 
About  six  days  after  the  accident  the  patient  began  to  lose  power  in  his  legs,  especially  the 
left,  and  in  the  left  arm.  These  symptoms  improved  somewhat,  but  about  two  months  after 
the  accident,  when  Dr.  Buzzard  saw  him,  there  was  much  tremulousness  about  the  lips  and 
lower  part  of  the  face,  his  speech  was  of  the  hesitating  character  suggestive  of  partial 
paralysis  of  the  tongue  (these  being  not  natural  to  the  patient),  and  the  urine,  sp.  gr.  1017, 
contained  sugar,  roughly  estimated  at  about  o  gr.  to  the  oz.  These  symptoms  continued,  the 
sugar  being  still  present  when  the  last  note  was  made  of  the  case,  a  year  and  a  half  after  the 
accident.  Dr.  Buzzard  argues  as  follows  in  support  of  the  hypothesis  that  the  gtycosuria 
may  have  depended,  in  tins  case,  upon  the  injury  :  '  A  shock  of  the  kind  described  would, 
I  think,  necessarily  produce  its  greatest  effect  upon  the  under  surface  of  the  brain  and 
medulla  oblongata.  If  sufficiently  violent,  it  would  be  liable  to  give  rise  to  interstitial 
haemorrhages.  It  is  conceivable  that  these  would  be  so  minute  as  not  to  cause,  at  the  time, 
any  recognisable  sj'mptom.  and  that  they  might  occasion,  later  on,  patches  of  inflammation 
in  the  connective  tissue.  The  resulting  effusion  would  cause  at  first  considerable  interference 
with  the  function  of  the  portion  of  nerve-substance  affected  ;  but  this  would  clear  off  to  a 
great  extent,  some  permanent  change  of  structure  being,  however,  left  behind.'  The  above- 
mentioned  interference  was  shown  by  the  symptoms  presented  by  the  patient,  which  pointed 
to  some  lesion  affecting  the  motor  tracts  to  the  extremities,  the  hypoglossal  nerve,  the  motor 
portion  of  the  fifth,  and  that  part  of  the  medulla  oblongata  injury  to  which  is  known  to 
cause  glycosuria.  2  St.  Barth.  Hosp.  Hejits.  vol.  v.  p.  72. 
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is  only  congestion  or  slight  extravasation,  the  effects  depend  on  the  shaking  of  the 
nerve-substance  rather  than  upon  the  condition  of  the  vessels.  In  such  cases  the 
symptoms  and  morbid  appearances  are  both  direct  effects  of  the  shock.  The  symp- 
toms cannot  be  explained  by  the  morbid  appearances. 

Again,  concussion  of  the  brain  often  produces  complete  unconsciousness  for  an 
interval,  upon  which,  however,  complete  recovery  follows  so  rapidly  that  we  cannot 
believe  it  to  have  been  associated  with  any  actual  lesion  in  the  ordinary  acceptation 
of  the  term.  And  yet  this  complete  insensibility  implies  an  annihilation  of  function 
of  at  least  some  part  of  the  encephalon.  If  the  centres  of  consciousness  may  be  thus 
paralysed,  why  not  the  centres  of  r  espiration  ? 

The  following  theories  have  been  put  forward  in  explarration  of  concussion  of  the 
cord. 

A.  That  of  Fischer  1  and  Scholz,2  that  concussion,  whether  of  brain  or  spinal  cord, 
is  due  to  an  anasmic  conditiorr  of  these  organs  brought  about  by  par  alysis  of  the 
vasomotor  nerver,  and  consequent  dilatatiorr  of  the  large  vessels  which  they  control 
in  other  parts  of  the  body,  this  paralytic  dilatatiorr  being  especially  well  marked  in 
the  vessels  of  the  so-called  splanchnic  area.  I  may  perhaps  make  this  theory  clearer 
to  my  readers  by  reminding  them  of  Prof.  Golz's  '  Klopfversuch  '  or1  per  cussion  exper  i- 
ment. It  will  be  remembered  that  in  this,  after  percussion  of  the  abdomen  with  a 
scalpel  handle,  paralysis  of  the  vasomotor  nerves  takes  place,  followed  by  a  paralytic 
dilatation  of  the  vessels  of  the  abdominal  wall  and  viscera;  in  consequence  of  the 
large  afflux  of  blood  to  these  parts,  anaemia  of  the  brain  and  heart  are  produced,  and 
thus  a  temporary  paralysis  of  the  animal  itself. 

B.  Another  theory,  and  the  one  as  yet  generally  accepted  in  this  country,  is  that 
molecular  disturbance  of  the  minute  anatomy  of  the  spinal  cor  d  is  the  chief  element 
in  spinal  concussion.  Mr.  Erichsen  3  expressts  this  view  somewhat  happily  by  the 
comparison  between  a  magnet  which  has  been  jarred  and  a  spinal  cord  which  has 
been  submitted  to  concussion.  '  What  immediate  change,  if  any,  has  taken  place  in 
the  nerve  structure  to  occasion  this  effect,  we  no  more  know  than  what  change 
happens  to  a  magnet  when  struck.  But  we  know  that  a  change  has  taken  place 
in  the  action  of  the  nervous  system,  just  as  we  know  that  a  change  has  taken  place 
in  the  action  of  the  iron  by  the  loss  of  its  magnetic  for  ce.' 

Morbid  anatomy  of  cases  of  spinal  concussion. — The  appearances  here  will  of 
course  vary  accordingly  as  death  has  taken  place  at  an  early  or  a  remote  period. 

To  take  first  the  former,  a  few  cases  are  on  record  which  have  proved  rapidly 
fatal,  and  in  which  no  lesion  whatever  has  been  discovered.  In  some  of  these  cases, 
as  in  the  one  alluded  to  at  p.  703,  concussion  of  the  medulla  may  have  taken  place. 
These  cases  are,  however,  very  rare. 

As  a  rule,  in  cases  which  might  at  first  be  thought  due  to  fatal  concussion,  some 
definite  lesions,  such  as  haemorrhage  into  the  substarrce  of  the  upper  cervical  cord, 
either  as  a  single  clot  or  as  multiple  ecchynroses  (see  cases  p.  6'J2),  or  haemorrhage 
of  the  spinal  meninges  (p.  691),  wrll  be  found. 

And  where  no  definite  lesion  can  be  found  within  the  vertebral  canal,  the  surgeon 
must  examine  those  other  sites  of  which  injury  is  known  to  produce  rapidly  fatal  results. 
Thus  the  pons  should  be  examined  for  haemorrhage,  the  roots  of  the  vagus  for 
laceration  close  to  their  origin  from  the  medulla,4  the  state  of  the  heart  and  of  the 

1  Volkmann's  Samml.  klin.  Vortr.  Nos.  10,  27. 

2  Ueber  Riickenmarks  Winning  und  deren  Behandlung  durch  Cudowa,  1872,  p.  76.  I 
have  been  unable  to  see  airy  copy  of  tire  latter  paper,  and  I  owe  to  trouble  taken  by  nry  friend 
Mr.  EL  Ci.  Plimmer  an  opportunity  of  examining-  H.  Fischer's  papers  in  the  Library  of  the 
British  Museum.  Prof.  Erb  {Ion.  supr.  cit.  p.  347)  seems  to  put  a  different  construction  on 
H.  Fischer's  theory.  He  says  H.  Fischer  considers  '  that  which  is  knowrr  to  surgeons  as 
shock  to  be  nothing  more  than  a  traumatic  reflex  paralysis  of  the  cerebral  vessels.  Scholz 
has  applied  this  view  directly  to  concussion  of  the  spine.'  With  all  due  deference  to  Prof. 
Erb,  I  think  that  the  view  of  H.  Fischer  is  rather  that  which  1  have  attempted  to  give 
above. 

3  Concussion  of  the  Spine,  p.  150.  4  Mr.  Hilton,  llest  and  Pain,  3rd  ed.  p.  53. 
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abdominal  viscera  should  be  ascertained,  before  it  can  be  said  that,  no  material  lesion 
is  present  sufficient  to  account  for  death,  and  before  this  be  attributed  to  concussion 
of  the  cord  pure  and  simple. 

In  the  second  class  of  cases,  where  death  has  occurred  at  a  more  remote  period, 
evidence  of  meningo-myelitis  will  always  be  found  on  careful  examinations,  though  to 
the  unaided  eye  the  cord  may  appear  perfectly  healtby.  Of  these  cases  of  later  sub- 
acute inflammatory  changes  in  the  cord  or  its  membranes  ending  fatally  the  following 
are  instances  : — 

1.  Mr.  Gore's  case,1  the  cord  of  which  was  examined  by  Mr.  Lockhart  Clarke. 
This  case  is  of  interest,  as  showing  the  remote  effects  of  concussion  received  in  a 
railway  accident. 

The  patient,  a  gentleman  of  52,  had,  three  and  a  half  years  before,  been  in  a  railway 
collision,  but  had  escaped  without  any  sign  of  external  injury.  For  a  while  he  made  every 
effort  to  get  about  his  business,  but  numbness  and  loss  of  power  over  the  lower  limbs  set  in 
and  steadily  increased,  his  gait  became  unsteady,  somewhat  like  that  of  partial  intoxication, 
but  with  very  little  jerking  or  twitching.  There  was  great  sensitiveness  to  shocks  or  jars. 
Later  on  some  weakness  of  the  upper  extremities  appeared.  Eighteen  months  before  death 
there  was  want  of  control  over  the  bladder  and  the  urine  was  alkaline  with  muco-purulent 
deposits.    Quite  latterly,  for  a  month  or  six  weeks,  his  speech  was  thick  and  hesitating. 

Post-mortem  examination. — There  was  general,  though  slight,  opacity  of  the  cerebral 
arachnoid,  with  sub-arachnoid  effusion.  The  cortical  substance  of  the  brain  was  pale  and 
soft,  particularly  so  on  the  under  surface  of  the  anterior  lobes.  The  spinal  meninges  were 
in  some  parts  thickened,  at  others  adherent  to  the  cord.  But  the  most  marked  change  was 
wasting  of  the  posterior  columns,  which,  of  all  the.  white  matter,  were  exclusively  the  seat 
of  disease,  this  wasting  having  brought  about  a  very  marked  narrowing  of  the  cord  in  its 
antero- posterior  diameter,  especially  in  the  upper  part  of  the  cervical  enlargement.  The 
posterior  columns  were  darker,  browner,  denser,  and  more  opaque  than  the  antero-lateral, 
this  appearance  being  found,  under  the  microscope,  to  be  due  to  a  multitude  of  compound 
granular  corpuscles,  and  isolated  granules,  to  an  exuberance  of  wavy  fibrous  tissue  disposed 
in  a  longitudinal  direction.  Many  of  the  nerve-fibres  had  been  replaced  by  this  tissue,  and 
at  certain  spots  or  tracts,  which  were  more  transparent  than  others,  especially  along 
the  sides  of  the  posterior  median  fissure,  they  had  wholly  disappeared.  Corpora  amylacea, 
also,  were  thickly  interspersed  through  the  same  columns,  particularly  near  the  central  line. 
The  extremities  of  the  posterior  cornua  contained  an  abundance  of  isolated  granules  like 
those  in  the  columns ;  and  in  some  sections  the  transverse  commissure  was  somewhat 
damaged  by  disintegration.  The  anterior  cornua  were  decidedly  smaller  than  natural,  and 
altered  in  shape,  but  no  change  in  structure  was  observed. 

2.  Dr.  Gowers's  casje  of  concussion-lesion  with  extensive  secondary  degenerations 
of  the  spinal  cord.2  The  points  of  interest  here  are  very  marked  ;  amongst  others  is 
the  bearing  of  the  case,  upon  some  of  the  results  of  railway  injuries.  The  concussion 
in  this  case,  not  that  of  a  railway  accident,  produced  unmistakable  lesions  of  the 
cord.  These  lesions  were,  however,  only  recognised  after  preparing  the  cord  for 
microscopical  examination ;  to  the  unaided  eye  it  appeared  quite  healthy. 

The  patient,  set.  26,  rolled,  while  asleep,  twenty-five  feet  from  the  top  of  a  hayrick,  falling 
on  his  back.  He  became  at  once  unable  to  move,  and  about  a  week  after  was  admitted  into 
St.  Mary's  Hospital.  He  then  complained  of  soreness  and  stiffness  in  the  neck,  but  no 
fracture  could  be  detected.  There  was  motor  paralysis  of  the  legs,  and  also,  though  less 
completely,  of  the  thighs,  but  sensation  was  retained.  He  could  only  just  raise  the  right 
arm  from  the  bed.  The  bladder  whs  paralysed,  and  the  urine  ammoniacal.  The  breathing 
was  diaphragmatic,  and  already  there  was  a  large  bed-sore  over  the  sacrum.  He  was 
conscious  of  the  action  of  the  bowels,  but  could  exercise  no  control  over  it.  The  patient  for 
a  while  improved,  and  some  power  was  regained  over  the  right,  arm.  This,  however,  was 
soon  followed  by  rigid  contraction  in  this  and  the  lower  extremities.  Bed-sores  increased, 
and  the  patient  died  exhausted  nearly  six  months  after  the  accident. 

Post-mortem  examination. — Brain  normal.  Vertebra3  natural,  spinal  cord  iu  no  wav 
compressed.  No  wasting  or  alteration  of  shape;  to  the  unaided  eye  the  consistence  appeared 
good,  and  sections  of  it  healthy.  On  microscopical  examination  ruptures  of  varying  size 
were  found  in  the  right  and  left  halves  of  the  grey  matter  of  the  cervical  cord ;  around  some 
of  these  repair  was  taking  place,  by  development  of  connective  tissue.  Distinct  areas  of 
degeneration  were  found  in  the  anterior  columns  of  the  cervical  dorsal  and  lumbar  cord, 
better  marked  above.    Similar  areas,  but  to  a  much  less  extent,  were  found  in  other  columns, 


1  Path.  Son.  Tram.  vol.  xvii.  p.  20.  Figures  showing  the  difference  between  this  cord 
and  a  healthy  one  will  be  found  on  p.  155  of  Mr.  Le  Gros  Clark's  Diagnosis  of  Visceral 
Lesions.  2  Med.  C/tir.  Trans,  vol.  1.  p.  499. 
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e.r/.  the  loft  lateral.  These  areas  showed  hosts  of  large  granular  corpuscles ;  wasted  nerve- 
fibres  from  which  the  medullary  matter  had  disappeared,  the  axis  cylinder  being  closely 
surrounded  with  the  shrivelled  sheath  of  Schwann;  diminution  of  healthy  nerve-fibres; 
great  increase  of  richly  nucleated  connective  tissue,  and  marked  fatty  degeneration  of  the 
perivascular  sheaths  of  the  smaller  vessels.  In  addition  to  these  descending  lesions  of  the 
anterior  and  lateral  columns,  ascending  degeneration  was  also  found  in  the  posterior  columns 
of  the  upper  cervical  cord  and  the  medulla. 

3.  Sir.  W.  Gull's  cnse  of  cervical  paraplegia  after  an  injury.1  This,  like  the  first 
case  (p.  701),  instances  the  slow  onset  and  obstinate  progress  often  met  with  in  chronic 
meningo-  myelitis. 

A  coal-waggoner,  ret.  49,  was  forced  backwards  from  his  seat  by  striking  his  head  against 
a  beam,  while  driving  under  an  archway.  Some  months  after  the  accident  he  began  to 
suffer  pain  from  the  occiput  down  over  the  shoulders,  and  in  about  a  year  the  muscles  of  the 
upper  extremities  began  to  waste.  After  two  years  incontinence  of  urine  gradually  came 
on.  When  admitted  into  Guy's  Hospital  three  years  after  the  accident,  he  presented  a 
remarkable  example  of  muscular  atrophy  without  actual  paralysis.  The  upper  extremities 
were  chiefly  affected.  The  left  arm  was  less  affected  than  the  right,  as  regards  muscular 
atrophy,  but  there  was  numbness  in  it  and  severe  neuralgic  pains.  All  the  long  muscles  of 
the  back  and  neck  were  remarkably  atrophied.  No  deformity  or  tenderness  on  pressure. 
The  legs  were  wasted  and  weak,  but  be  could  walk.  There  was  frequent  hiccough  and 
vomiting.    Dyspnoea.    Death  six  weeks  after  admission. 

Post-mortem  examination. — Cerebral  arachnoid  opalescent,  with  spots  of  white  mottling 
of  the  more  opaque  parts  from  fatty  degeneration.  Sub-arachnoid  fluid  in  excess.  Ependyma 
of  lateral  and  fourth  ventricles  granular,  in  the  latter  extremely  so.  The  dura  mater  on  the 
posterior  aspect  of  the  cord  much  thickened.  The  two  layers  of  the  arachnoid  adherent  in 
patches  along  this  surface,  and  much  thickened  by  effusion  of  lymph  of  old  date.  To  the 
unaided  eye  sections  of  the  cord  gave  no  distinct  evidence  of  disease,  there  being  a  slight 
yellowness  of  the  posterior  columns,  and  increased  vascularity  and  thickening  of  the  pia 
mater  covering  them.  In  these  columns,  particularly  in  the  right  one,  abundance  of  granule 
cells  were  discovered.  The  exudation  was  greatest  in  the  middle  and  lower  third  of  the 
cervical  enlargement.  The  grey  matter  was  hyperremie,  but  there  was  no  exudation  into  its 
tissue,  or  into  the  anterior  columns.  The  ventricle  of  the  cord  was  enlarged  and  distended 
with  delicate  granular  nuclei.  The  affection  of  the  cord  appeared  to  be  secondary  to  chronic 
inflammation  of  the  membranes,  and  to  chronic  changes  in  the  ependyma  of  the  ventricle  in 
common  with  the  ependyma  of  the  fourth  and  lateral  ventricles. 

Symptoms  of  spinal  concussion. — These  vary  extremely  according  to  the  severity 
of  the  accident  and  the  circumstances  which  surround  it,  the  region  of  the  spine 
which  has  to  hear  the  brunt  of  the  injury,  and  the  natural  temperament  and  state 
of  the  nervous  system  of  the  patient.  Again,  symptoms  of  concussion  of  the  cord  and 
likewise  of  the  brain  2  vary  according  to  the  period  of  their  onset.  Thus  they  may  be 
(a)  primary,  immediate,  or  rapid  in  onset  when  due  to  the  effects  of  the  jar  or  blow 
upon  the  cord,  whether  these  effects  produce  a  molecular  disturbance  of  its  minute 
anatomy,  or  a  reflex  paralysis  of  its  vessels,  or  some  other  change  as  yet  equally  un- 
known ;  or  (/3)  secondary  or  later  in  onset,  and  due  to  degenerative  changes  in  the  cord 
structure,  of  a  sub-acute  or  chronic  inflammatory  nature.  It  is  noteworthy  that  the 
primary  symptoms  are  often  the  less  important  because  temporary.  Owing  to  the 
great  variation  in  the  period  of  onset  and  in  the  duration  of  the  symptoms  of  spinal 
concussion,  four  principal  groups  of  cases  may  be  made,  as  follow  : — 

(i.)  Where  death  follows  immediately  on  the  injury  which  causes  the  concussion. — 
This  is  very  rare,  but  it  may  occur  where  the  upper  cervical  cord  (above  the  origin 
of  the  phrenic  nerve)  or  the  medulla  oblongata  is  sirbjected  to  the  concussion.  The 
following  3  appears  to  have  been  a  case  of  this  nature  : — ■ 

1  Guy's  Hospital  Reports,  1858,  p.  104. 

8  As  stated  above  (p.  700)  no  case  of  this  kind  can  he  considered  certain  unless  after 
most  careful  post-mortem  investigation.  Mr.  Savory  (loc.  supr.  cit.  p.  01)  draws  attention  to 
the  following  difference  between  the  sequela?  of  concussion  of  the  cord  and  brain.  '  While 
concussion  of  the  cord  is  less  often  immediately  followed  by  marked  effects  than  concussion 
of  the  brain,  it  is  more  often  remotely  followed  by  grave  effects.  Why  is  this  ?  Slight  dis- 
turbance of  function  is  more  obvious  in  the  brain  than  in  the  cord.  The  symptoms  of  the 
former  are  usually  more  felt  than  those  of  the  latter;  they  are  better  marked — more  likely 
to  attract  attention.  As  a  consequence  of  this,  the  brain  is  more  likely  to  obtain  repose,  and 
— perhaps  above  all — the  functions  of  the  higher  nerve-centres  admit  of  being  placed  more 
completely  at  rest  than  do  those  of  the  spinal  cord.' 

3  Mr.  V.  Jordan,  Brit.  Med.  Journ.  March  1',  1867. 
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A  man  died  immediately  after  firing  a  pistol  into  his  mouth.  '  Examination  of  the  body 
showed  that  the  bullet  struck  the  body  of  the  second  cervical  vertebra  ;  but  beyond  slight 
laceration  of  the  tongue  and  of  the  upper  part  of  the  larynx  and  pharynx,  no  injury  was  done  ; 
no  vertebral  or  any  other  bone  was  broken.  The  naked  eye  could  detect  no  change  in  the 
upper  part  of  the  cord  or  the  membranes.' 

(ii.)  Severe  symptoms  at  the  moment  of  injury.  Cure  in  a  short  time.  Slight 
shock. — -The  patient  immediately  after  the  accident  is  found  quite  conscious,  but 
more  or  less  severely  paralysed  as  to  motor  power  ;  sensation  is  either  normal,  or,  if 
impaired,  is  so  to  a  much  less  extent.  Evacuation  of  the  bladder  and  rectum  is  normal, 
or,  if  the  catheter  be  required  for  the  former,  the  urine  remains  acid.  Improvement 
begins  usually  within  a  week,  makes  rapid  progress,  and  ends  by  becoming  complete. 

It  must  be  noted,  I  think,  that  there  are  one  or  two  points  in  connection  with  the 
above  .class  of  cases  which  makes  it  very  probable  that  something  has  occurred 
beyond  mere  concussion,  limited  extravasation  of  blood  having  probably  taken  place, 
which  is  steadily  absorbed.  Thus  examination  of  these  cases  shows,  as  stated  above, 
that  motion  and  sensation  are  very  unequally  affected.  It  is  not  readily  intelligible 
how,  in  an  injury  severe  enough  to  cause  motor  paralysis  by  concussion  of  the  antero- 
lateral columns,  the  closely  contiguous  parts  of  the  cord,  which  is  itself  so  limited  a 
structure,  should  escape. 

(iii.)  Severe  symp>toms  at  first,  followed  by  a  protracted  illness  of  some  years'  dura- 
tion. Recovery  in  most  cases. — Here  the  symptoms  are  very  similar  to  those  in 
(ii.)  but  much  more  marked,  and  the  recovery  is  much  more  delayed  in  its  commence- 
ment and  tardy  in  its  progress.  In  these  cases,  also,  the  unequal  affection  of  motion 
and  sensation,  the  protracted  nature  of  the  case,  and  the  ultimate  recovery,  all  these 
seem  to  point  to  something  more  than  simple  concussion  resulting  in  molecular  disturb- 
ance of  the  cord. 

(iv.)  Symptoms  very  slight  at  first  :  after  a  longer  or  shorter  time  development  of 
progressive  spinal  disease.  Recovery  doubtful. — In  this  group  especially  the  more 
remote  and  protracted  effects  of  spinal  concussion  are  observed,  and  the  symptoms 
approximate  throughout  to  those  of  a  chronic  me ningo- myelitis.  After  an  interval 
varying  from  an  hour  or  two  to  a  week  or  more,  the  following  symptoms  gradu- 
ally develop  themselves.  Increasing  weakness  of  the  extremities,  especially  of  the 
legs,  and  most  marked  in  the  extensor  muscles.  Gait  hesitating,  straddling,  the 
patient  keeping  his  spine  and  head  erect,  and  showing  a  tendency  to  lay  hold  of  sur- 
rounding bodies,  and  to  drag  the  feet.  Back  itself  sensitive,  especially  at  one  or  two 
points ;  various  degrees  of  anesthesia,  hyperesthesia,  or  paresthesia  (i.e.  perverted 
sensibility),  e.g.  tinglings,  numbness,  formications,  shooting  pains  occasionally  limited 
to  one  nerve-trunk,  chilliness,  &c.  Bladder  weak  and  irritable,  but  less  often  para- 
lysed. Sexual  power  much  diminished.  General  nutrition  increasingly  impaired. 
Other  symptoms  present  at  the  same  time  point  to  mischief  in  the  nerve-centres 
higher  up.  Thus,  in  addition  to  failure  of  power  in  the  simpler  movements,  there  is 
loss  of  co-ordinating  power  in  the  performance  of  the  more  complex  ones.1  The 
mental  powers  are  much  enfeebled,  the  memory  fails,  and  all  power  of  application 
or  prolonged  business-exertion  is  lost.  Sudden  emotional  outbursts  from  piteously 
trivial  causes  are  not  uncommon.  The  special  senses  are  usually  more  or  less 
seriously  affected.  Impairments  of  vision  are  the  most  common  and  important,  and 
accordingly  the  best  studied  of  these  lesions.  A  full  account  of  these  is  given  by 
Mr.  Erichsen.2  According  to  this  writer,  the  impairments  of  vision  which  are 
noticed  after  spinal  injury  fall  under  the  five  following  heads  : — 

(a)  Asthenopia,  or  weakness  of  sight.  The  patient  is  not  able  to  define  small 
objects,  nor  to  see  at  all  in  a  bad  light,  (b)  Amblyopia,  or  paresis  of  the  optic 
nerve  or  retina,  the  retina  being  able  to  receive  and  transmit  accurate  impressions, 
but  becoming  readily  exhausted,    (c)  Loss  or  failure  of  power  of  accommodation. 

1  Care  should  always  be  taken,  when  possible,  to  examine  the  patient  erect  and  in 
motion. 

2  Loc.  sup:  cit.  Lect.  x.  Am  account  of  the  ophthalmoscopic  appearances,  and  of  the 
influence  of  the  so-called  '  cilio-spinal  region  of  the  cord,'  and  of  the  sympathetic  nerves  upon 
the  disturbances  of  vision  alter  spinal  injury,  will  be  found  here. 
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The  patient  lose?  power  of  seeing  near  objects  clearly,  though  his  distant  vision  may 
remain  good.  This  is  always  of  grave  significance,  and  may  be  the  forerunner  of 
serious  nutrition  changes  in  the  deeper  structures  of  the  eye.  (r/)  Irritability  of  the 
eye  and  photopsia,  depending  on  hyperemia  of  the  retina,  or  on  inflammation  of  it 
and  the  optic  nerve. 

As  already  stated  (p.  656),  it  is  in  the  less  severe  and  more  obscure  forms  of 
injury,  such  as  concussion  of  the  spine,  and  not  in  the  graver  ones,  such  as  fracture- 
dislocation,  that  the  above  evidences  of  eye-disease  are  met  with. 

It  will  be  seen  that  many  of  these  symptoms,  the  insidious  loss  of  motor  power, 
the  gait,  the  disturbances  of  sensation,  together  with  the  tediousness  of  the  case  and 
its  slight  amenability  to  treatment,  correspond  closely  to  what  is  seen  in  meningo- 
myelitis  (p.  697).  And  that  these  protracted  cases  are,  in  fact,  cases  of  chronic 
meningo-myelitis  is  supported  by  the  evidence,  scanty  as  it  is,  which  has  been  obtained 
from  the  post-mortem  examinations  which  have  been  made  in  these  cases.  Few  in 
number  as  these  are,  they  are  in  accordance  on  this  point  (p.  697).  Again,  the 
symptoms  which  point  to  the  mischief  having  extended  to  the  centres  above — viz. 
headache,  loss  of  memory,  disturbance  of  vision,  &c,  are  readily  explained  by  the  fact 
that  in  these  cases  of  protracted  result  of  concussion,  spinal  and  cerebral  meningitis 
usually  coexist.  Probably  the  concussion,  especially  in  cases  where  due  rest  is  not 
obtained  at  the  first,  is  the  starting-point  in  the  chronic  organic  lesion,  perhaps  by 
causing  impaired  nutrition  in  the  cord ;  but  this  link  in  the  history  of  concussion  is 
at  present  missing. 

Ollivier  holds  that  it  is  rare  to  find  inflammation  of  the  spinal  membranes  limited 
to  the  vertebral  canal,  but  that  we  see  at  the  same  time  a  more  or  less  intense  cere- 
bral meningitis.  In  the  cases  that  he  relates  of  spinal  meningitis,  he  makes  fre- 
quent reference  to  these  cerebral  symptoms,  and  states  that  they  often  complicate  the 
case  so  as  to  render  the  diagnosis  difficult,  especially  in  the  early  stages.  In  the  post- 
mortem appearances  that  he  details  of  patients  who  have  died  of  spinal  meningitis, 
he  describes  the  morbid  conditions  met  with  in  the  cranium  indicative  of  increased 
vascularity  and  inflammation  of 1  the  arachnoid.  This  complication  of  cerebral  with 
spinal  meningitis  is  nothing  more  than  we  should  expect.  It  may  arise  from  two 
causes — either  from  the  head  having  been  injured  at  the  same  time  and  in  the  same 
way  as  the  spine,  or  as  a  simple  consequence  of  inflammation  running  along  a  con- 
tinuous membrane.  Erichsen  (Joe.  sicpr.  cit.  p.  184),  Dr.  Allbutt  ('Lan.'  1870,  vol.  i.), 
and  Dr.  Long  Fox  ('  Path.  Anat.  of  Nerv.  Syst.'  p.  398)  consider  that  it  is  to  the 
creeping  upwards  of  a  meningitis,  originally  spinal,  but  eventually  becoming  cerebral, 
that  the  hypersemic  state  of  the  fundus  and  optic  changes  are  due. 

Diagnosis  of  spinal  concussion. — This  will  often  be  a  matter  of  careful  thought 
both  in  the  primary  and  in  the  more  remote  periods.  Thus,  as  an  instance  of  the 
former,  a  case  in  which  severe  symptoms  of  paralysis  have  followed  early  may  be  mis- 
taken for  one  of  contusion  of  the  cord  or  of  haemorrhage  into  its  substance  or  within 
its  membranes.  The  chief  and  most  helpful  test  here  is  time.  A  rapid  improvement 
in  the  paraplegia,  taking  place  within  a  few  days,  is  decisively  in  favour  of  concussion. 

On  the  other  hand,  at  a  more  remote  period,  the  symptoms  are  those  of  a 
meningo-myelitis,  and  cannot  be  separated  from  them. 

The  question  of  rheumatism  or  hysteria  may  arise  and  complicate  the  case.  Fly- 
ing, uncertain  pains,  the  swelling  of  the  joints,  e.g.  of  the  knees,  occasionally  met 
with  in  paraplegia,  hyperesthesia  in  the  lumbar  region — these  may  look  like  sub-acute 
rheumatism,  especially  when  any  tendency  to  low  forms  of  gouty  or  rheumatic 
arthritis  coexists  ;  but  the  existence  of  paralysis,  the  presence  of  various  paresthesias, 
and  the  character  of  the  pain,1  when  this  is  carefully  enquired  into,  should  be 
carefully  considered,  together  with  the  history  of  the  case. 

1  '  In  rheumatism  of  this  form  the  pain  is  muscular,  is  increased  by  movements  of  the 
affected  muscles,  and  is  influenced  by  atmospheric  vicissitudes.  In  the  diffused  pains  of 
spinal  concussion  it  will  be  found  that  the  central  point  of  the  pain  is  the  spine,  and  that  it 
is  aggravated  by  pressure  over,  or  movements  of,  the  vertebral  column,  that  muscles  may  he 
ripid  but  are  not  painful,  that  the  pain  takes  the  anatomical  course  of  certain  sets  of  nerves, 
of  those,  in  fact,  connected  with  the  central  spinal  pain.' — Erichsen,  loc.  supr.  cit.  p.  2\)7. 
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If  the  question  arises  how  far  the  pains  complained  of  are  of  an  emotional,  nervous, 
or  hysterical  nature,  due  weight  must  be  given  to  any  tendency  on  the  part  of  the 
patients  to  exaggerate  their  ailments^  to  despondency,  irritability,  and  hypochon- 
driasis coming  on  soon  after  the  accident,  and  thus  distinguished  from  those  similar 
symptoms  which  set  in  gradually  in  the  course  of  chronic  cerebral  disease.  Again, 
the  character  of  the  pain  is  very  important,  whether  it  is  diffused  and  largely 
cutaneous,  or  limited  to  a  few  vertebrae,  or  to  certain  known  nerves  ;  whether  it  is 
increased  by  movement,  and  accompanied  by  proof  of  corresponding  mischief,  or 
whether  the  patient,  who  complains  bitterly  of  the  gentlest  touch  upon  the  skin, 
moves  his  body  freely,  with  natural  flexibility  of  the  spine,  and  without  any  rigidity 
of  the  muscles  when  told  to  alter  his  position,  or  to  dress  himself.  Lastly,  the  good 
general  state  of  the  health,  the  normal  temperature,  absence  of  loss  of  weight,  &c, 
will  be  borne  in  mind. 

P7'ognosis. — This  must  be  grave  in  the  severest  forms,  where  there  is  much 
shock,  and  the  more  so  the  higher  in  the  spine  has  been  the  concussion.  Apart  from 
shock,  the  prognosis  appears  more  favourable  in  those  cases  in  which  severe  symptoms 
have  appeared  early  than  where  they  have  developed  later  on.  Furthermore,  cases 
of  meningo-myelitis  dating  from  injury  admit  of  more  hope  than  those  of  spon- 
taneous origin,  if  seen  at  an  early  date.  The  gradual  subsiding  of  symptoms  and  the 
progressive  amendment  are  of  good  augury  for  complete  recovery.  On  the  other 
hand,  where  improvement  has  ceased,  and  symptoms  of  chronic  meningo-myelitis 
have  supervened,  partial  restoration  to  health  may  perhaps  take  place  after  a 
lengthened  interval,  but  complete  recovery  is  hardly  possible.  On  this  subject  the 
following  remarks  of  Mr.  Erichsen1  are  of  great  interest : — 

'  When  a  pei'son  has  received  a  concussion  of  the  spine  from  a  jar  or  shake  of  the 
body,  without  any  direct  blow  on  the  back,  or  perhaps  on  any  other  part  of  the  body, 
and  the  symptoms  have  gradually  and  progressively  developed  themselves,  the  prog- 
nosis will  always  be  very  unfavourable.  And  for  this  reason — that,  as  the  injury  is 
not  sufficient  of  itself  to  produce  a  direct  and  immediate  lesion  of  the  cord,  any 
symptoms  that  develop  themselves  must  be  the  result  of  structural  changes  taking 
place  in  it,  as  the  consequence  of  degeneration;  and  these  secondary  structural 
changes  being  incurable,  must,  to  a  greater  or  less  degree,  but  permanently,  injuri- 
ously influence  its  action. 

'  In  forming  an  opinion,  then,  as  to  the  patient's  probable  future  state,  it  is  of 
less  importance  to  look  to  the  immediate  or  early  severity  of  the  symptoms  than  to 
their  slow,  progressive,  and  insidious  development.  Those  cases  are  most  likely  to 
be  permanently  injured  in  which  the  symptoms  affect  the  latter  course.  The  time 
that  the  symptoms  have  lasted  is  necessarily  a  most  important  matter  for  considera- 
tion ....  I  have  never  known  a  patient  to  recover  completely  and  entirely,  so  as 
to  be  in  the  same  state  of  health  that  he  enjoyed  before  the  accident,  in  whom 
symptoms  dependent  on  chronic  inflammation  of  the  cord  and  its  membranes, 
and  on  their  consecutive  structural  lesion,  have  existed  for  twelve  months. 
Such  a  patient  may  undoubtedly  considerably  improve,  but  he  will  never  com- 
pletely lose  the  traces  of  the  injury.  These  will  in  some  respects  be  permanent 
and  show  themselves  in  general  or  local  weariness,  loss  of  muscular  power,  change 
in  character,  various  head  symptoms,  each  trivial  in  itself,  but  collectively  impor- 
tant ;  a  cachectic  and  prematurely  aged  look,  and  digestive  derangement.  And 
though,  as  Ollivier  has  observed,  such  a  patient  may  live  for  fifteen  and  twenty  years 
in  a  broken  state  of  health,  the  probability  is  that  he  will  die  in  three  or  four. 

'  The  cases  in  which  complete  recovery  may  be  expected  are  those  in  which  the 
patient  is  young,  in  which  the  symptoms  have  been  the  effect  of  direct  injury  ;  in 
which  they  have  rapidly  attained  their  maximum  of  severity ;  in  which  early  and 
continuous  amelioration  has  taken  place;  in  which  they  are  referable  to  strain  of 
the  ligaments  of  the  spine  and  to  the  muscles  of  the  back ;  to  irritation  of  the 
nerves  in  their  exit  from  the  vertebral  canal ;  to  lesion  of  nerve-trunks  rather  than 
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1  Loc.  stipr.  tit.  p.  308  et  seq. 
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of  cerebral  mischief ;  and,  above  all,  to  extravasation  of  blood  into,  or  to  irritation 
of  the  meninges,  rather  than  a  direct  primary  lesion ;  or  to  secondary  structural 
change  of  the  cord  itself.' 

Treatment  of  concussion  of  the  cord. — The  immediate  treatment  of  spinal  concus- 
sion, where  shock  is  also  present,  calls  for  no  special  comment.  Later  on,  when 
symptoms  have  arisen  which  point  to  the  existence  of  chronic  inflammation  of  the  cord 
and  its  membranes,  the  treatment  will  be  that  described  for  meningo-myelitis  (p.  697). 

Some  allusion  may  be  specially  made  here  to  the  use  of,  («)  rest ;  (/3)  drugs ;  (y) 
local  applications. 

(fi)  Rest. — This,  absolute  and  complete,  both  of  mind  and  body,  is  needed  in  all 
cases  of  spinal  concussion  where  the  injury  is  at  all  recent,  and  where  either  inflam- 
mation of  the  cord  or  its  membranes  has  already  set  in  or  may  be  expected.  And  it 
is  the  more  needful  to  insist  upon  this,  as  patients  are  too  apt,  where  there  is  at  first 
no  pain  in  movement  and  but  little  paralysis,  partly  from  restlessness  and  partly  to 
try  change  of  scene  and  associations,  to  risk  the  exertion  of  travelling.  As  long  as 
there  is  any  evidence  of  irritability  and  excitement,  whether  of  brain  or  cord,  rest  is 
imperatively  called  for.1  Under  this  head  exposure  to  cold,  noises,  any  jarring  or 
jolting  of  the  body,  and  sexual  excitement  are  to  be  included. 

When  the  patient  begins  to  get  about,  exercise  must  be  carefully  limited  at  first,  and 
it  may  be  advisable  that  some  form  of  support  to  the  spine  be  worn  for  a  while.  On  the 
other  hand,  where  sufficient  time  has  been  allowed  to  elapse  since  the  injury,  and 
there  is  no  evidence  of  inflammatory  conditions,  when  the  patients  are  hypochon- 
driacal, markedly  emotional,  and  inclined  to  exaggerate  their  symptoms,  they  should  he 
encouraged  to  get  about,  and  be  much  in  fresh  good  air. 

((3)  Drugs. — Where  there  is  evidence  of  sub-acute  inflammatory  conditions  in  the 
meninges  and  cord,  where  there  is  reason  to  suspect  pressure  from  extravasated 
blood,  mercury  perchloride,  in  combination  with  or  followed  by  potassium  iodide,  are 
of  the  greatest  value.2  Where  a  long  interval  lias  elapsed  since  the  injury,  and 
where  the  symptoms — e.g.  paralysis  — are  not  now  due  to  sub-acute  inflammatory 
changes,  but  rather  to  the  sequela?  of  these,  viz.  softening  and  disintegration  of  the 
nerve-centres,  in  these  cases  the  use  of  the  above  drugs  will  only  end  in  disappoint- 
ment. When  there  is  evidence  of  cerebral  excitement  and  irritability  and  mental 
worry,  the  use  of  the  bromides,  or  hydrobromic  acid,  is  indicated.  To  secure  sleep, 
of  especial  importance  in  the  earlier  stages,  a  combination  of  bromides  and  chloral, 
save  where  much  pain  coexists,  is  on  the  whole  most  serviceable.  It  is  often  well  to 
give  the  combined  bromides  and  chloral  in  the  evening,  and  to  repeat  the  dose,  but 
without  the.  chloral,  in  tbe  course  of  the  night  or  towards  early  morning. 

In  other  cases  where  a  considerable  interval  has  elapsed  since  the  injury,  and  all 
symptoms  of  meningo-myelitis  which  may  have  been  present  have  subsided,  or 
where  these  have  been  absent  throughout,  and  the  cnse  has  seemed  one  rather  of 
debility  after  shock,  and  the  symptoms  point  to  an  emotional  condition  with  a  ten- 
dency to  exaggeration,  the  administration  of  tonics,  iron,  strychnia,  cod-liver  oil, 
quinine  and  hydrobromic  acid,  together  with  a  liberal,  easily  assimilated  diet,  fresh  air, 
change  of  scene,  and  some  form  of  simple,  wisely  regulated  mental  occupation  are  to 
be  advised. 

1  Mr.  Eriehsen  (for.  supr.  cit.  p.  ?>'2Q)  gives  tbe  following  reasons  for  recommending  the 
prone  position  :  'In  order  to  .secure  rest  most  efficiently,  the  patient  should  be  made  to  lie  on 
a  prone  couch.  There  are  several  reasons  why  tbe  prone  should  he  preferred  to  the  supine 
position.  In  the  first  place,  in  the  prone  state  the  spine  is  the  highest  part  of  the  body,  and 
thus  passive  venous  congestion  and  determination  of  blood  to  the  cord,  which  naturally  occur 
when  the  patient  lies  on  his  back,  are  entirely  prevented.  Then,  again,  the  absence  of 
pressure  on  the  back  is  a  great  comfort  in  those  cases  in  which,  in  consequence  of  injury  to 
the  column,  it  is  unduly  sensitive  and  tender.  Lastly,  the  prone  position  presents  this 
advantage  over  the  supine,  that  it  admits  of  the  ready  application  of  any  necessary  local 
treatment.' 

2  For  the  respective  influence  aud  potency  of  these  drugs  in  the  absorption  of  inflam- 
matory and  other  deposits,  the  reader  is  referred  to  a  short  paper  by  Dr.  Owen  Rees. 
'  Remarks  on  Cerebral  Disease  having  its  Origin  in  Syphilis,'  Guy1  a  Hosp.  Septs,  vol.  xvii. 
p.  251. 
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(y)  External  remedies  and  local  applications. —  As  a  rule,  these  a  re  chiefly  of  service 
in  cases  where  the  symptoms  appear  due  to  sub  acute  inflammatory  lesions.  They  have 
already  been  alluded  to  under  the  head  of  Treatment  of  Meningo-myelitis  (p.  697). 
In  those  cases  which  have  been  alluded  to  above,  and  where  the  symptoms  are 
caused  by  prolonged  shock,  debility,  nervousness,  and  a  condition  approaching  to 
'  hysteria,'  local  applications  are,  as  a  rule,  better  dispensed  with,  as  they  only  serve 
to  attract  the  patients'  attention  to  that  on  which  they  are  already  only  too  ready  to 
dwell.  In  some  of  these  cases,  as  where  tender  skin-points  exist  along  the  spine, 
flying  blisters  and  belladonna  plasters  are  permissible;  but,  as  a  rule,  the  surgeon  will 
find  it  more  judicious  and  more  honest  to  treat  the  local  complaint  in  these  cases 
with  a  little  wholesome  neglect,  and  devote  his  attention  to  improving  the  general 
health. 

The  question  of  electricity  is  often  raised  during  the  treatment  of  cases  of  spinal 
concussion.  The  following  hints  are  given  by  Mr.  Erichsen  '  as  to  the  cases  in  which 
this  remedy  is  likely  to  be  beneficial  or  hurtful :  — 

'  Faradisation  will  be  found  of  especial  service  in  cases  of  simple  loss  of  nervous 
power  without  any  signs  of  concomitant  inflammation,  central  or  peripheral.  Thus 
it  will  be  found  of  great  use  in  the  paraplegia  of  spinal  ameniia,  in  the  loss  of  power 
in  the  extensors  of  the  foot  and  toes,  and  the  peronei  muscles  dependent  on  paralysis 
of  the  external  popliteal  nerve — a  form  of  paralysis  of  very  common  occurrence  after 
spinal  concussion ;  and,  lastly,  in  those  localised  forms  of  paralysis  of  the  upper 
extremity  dependent  on  affection  of  the  suprascapular,  circumflex,  or  musculo- spiral 
nerves. 

'  The  continuous  current  is  particularly  useful  in  spinal  anaemia  and  for  the  relief 
of  the  cutaneous  hyperesthesia  associated  with  it. 

'  Electricity  in  any  shape  is  always  hurtful  when  there  are  symptoms  of  sub-acute 
inflammatory  action,  especially  of  the  meningeal  form,  associated  with  the  paralysis, 
as  indicated  by  muscular  rigidity  or  painful  cramp.  1  think  that  we  may  broadly 
say  about  this  therapeutic  rule,  with  respect  to  the  employment  of  electricity,  that 
it  is  useful  in  those  cases  which  are  benefited  by  strychnine  and  iron  ;  whereas,  in 
those  that  are  made  worse  by  these  remedies,  electricity  is  equally  hurtful — in  fact, 
the  injury  resulting  or  benefit  to  be  derived  from  the  use  of  electricity  will  be  in  the 
exact  ratio  of  the  inflammatory  or  asthenic  nature  of  the  paralysis.' 

In  conclusion,  I  -would  repeat  the  remark  made  above  as  to  the  treatment  of 
meningo-myelitis  and  its  results,  that  where  there  appears  ground  for  an  honest  belief 
that  good  results  may  still  be  hoped  for,  treatment  cannot  be  persevered  with  too 
diligently  and  carefully.2 

Injuries  of  the  theca  vertebralis. — The  theca  vertebralis  may  be  opened,  and  the 
cerebro- spinal  fluid  escape  in  large  quantity  without  any  serious  symptoms.  Mr. 
Holmes  recently  brought  before  the  notice  of  the  Medico-Chirurgical  Society  3  three 
cases,  in  one  of  which  post-mortem  examination  revealed  the  nature  of  the  lesion,  in 
the  second  the  position  of  the  wound  and  the  escape  of  the  fluid  left  no  doubt  on  the 
point,  while  the  third  had  been  reported  by  himself  to  the  Society4  as  probably  a 
wound  of  the  ureter,  though  the  possibility  of  its  being  a  wound  of  the  theca  verte- 
bralis was  also  admitted  at  the  time.  In  the  case  which  proved  fatal,  the  injury  was  in 
•the  nape  of  the  neck,  and  death  seemed  to  result  from  inflammatory  effusion  around 
the  roots  of  the  phrenic  nerve.    The  cord  was  uninjured  and  uninflamed.  The  other 

1  Luc.  swpr.  cit.  p.  334. 

2  For  a  successful  and  most  encouraging  case,  the  reader  is  referred  to  Dr.  Handfield 
Jones'  case  of  myelitis  supervening  gradually  upon  concussion  of  the  spine  (Clin.  toe. 
Trans,  vol.  i.  p.  144).  Here  nineteen  months  had  elapsed  since  the  injury.  Even  alter  this 
interval,  the  employment  of  perchloride  of  mercury  was  followed  hj  steady  and  most  marked 
improvement,  Dr.  Handheld  Jones  having  first  tried,  without  success,  ergot  and  belladonna, 
and  potassium  iodide.  With  reference  to  this  case,  Dr.  Handfield  Jones  remarks :  '  We 
cannot  be  too  prompt  in  endeavouring  to  arrest  myelitis;  "  nimia  diligentia  "  in  this  case 
is  a  fault  on  the  right  side.  The  delicate  structure  of  the  cord,  if  once  injured,  is  with  great 
difficulty  repaired,  especially  if  the  patient  be  of  weakly  organisation.' 

3  Brit.  Med.  J  own.  May  6,  1882.  4  Med.-Chir.  Trans,  vol.  Jx.  p.  240. 
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two  cases  recovered  without  a  bad  symptom.  In  all  three,  and  especially  in  the  third 
case,  the  amount  of  discharge  was  extremely  large,  and  was  much  increased  by  any 
muscular  movement,  gushing  out  under  such  circumstances  to  a  considerable  dis- 
tance. A  case  by  Sir  J.  Paget  was  appended  to  the  paper,  in  which  a  bed-sore  pene- 
trated the  spinal  membranes  and  led  to  a  copious  discharge  of  the  cerebro  spinal 
fluid.  The  patient  was  slowly  dying,  and  did  not  long  survive,  but  appeared  to 
suffer  nothing  from  the  loss  of  the  cerebro- spinal  fluid. 

Cases  of  local  paralysis  after  injury  to  the  hack. — Mr.  Hutchinson  1  has  recorded 
the  following  most  interesting  case. 

Fall  from  a  height,  striking  the  head  and  shoulders  against  poles  of  scaffolding. 
Permanent  paralysis  of  the  left  upper  extremity,  both  as  to  motion  and  sensation. 
Tract  of  skin  supplied  by  inter  costo -humeral  nerve  not  affected.  Paralysis  of  cervical 
sympathetic  with  contracted  pupil,  retracted  globe. 

The  patient  fell  sixty  feet  from  a  scaffold,  striking  several  times  against  projecting  beams. 
There  was  no  paralysis  of  either  lower  extremity,  nor  was  there  any  difficulty  with  the 
urine  or  faeces.  Suppuration  took  place  in  the  arm,  but  no  bones  were  broken.  Five  months 
after  the  accident  he  came  under  the  care  of  Mr.  Hutchinson.  At  this  time  the  general 
health  was  excellent,  and  every  function  perfect  save  those  concerning  the  innervation  of  the 
left  arm.  Over  this  the  patient  had  not  the  slightest  power  of  motion.  Below  the  elbow  he 
had  not  the  least  degree  of  cutaneous  sensibility.  On  the  outer,  front,  and  posterior  aspects 
of  the  upper  arm  the  loss  of  sensibility  is  also  complete.  In  the  axilla  sensation  is  perfect, 
and  from  the  axilla  downwards  to  the  inner  condyle.  The  hand,  forearm,  and  upper  condyle 
are  all  decidedly  cooler  on  the  left  side,  e.g.  that  of  the  cleft  between  the  middle  and  fore- 
finger is  88°  on  the  right  side,  83°  on  the  left.  The  skin  is  brick-red  in  colour,  somewhat 
mottled,  the  capillaries  being  much  relaxed.  Some  months  later  it  is  noted  that  the  left  eye- 
ball looks  smaller  than  the  oilier,  being  retracted,  and  the  palpebral  aperture  diminished  ;  the 
left  pupil  was  much  smaller  and  did  not  dilate.  The  sight  was  slightly  defective  on  this  side 
both  for  near  and  distant  objects.  A  year  later  some  improvement  had  taken  place  in  the 
sensation  over  the  back  of  the  hand,  and  in  a  few  of  the  muscles,  e.g.  the  biceps,  with  which 
he  could  strike  hard.  The  patient  died  suddenly  in  the  country,  thirteen  years  after  the 
accident.    The  cause  of  his  deatli  was  not  ascertained. 

The  following  are  the  explanations  which  Mr.  Hutchinson  gives  of  some  of  the 
rIhjvc  facts  :  The  recovery  of  the  biceps  resulted  from  the  fact  that  it  receives  its 
nerve-supply  higher  up  than  the  others;  and  in  the  present  instance  it  is  pro- 
bable that  the  uppermost  nerve-roots  had  been  but  partially  torn.  The  expla- 
nation of  the  inability  of  the  left  pupil  to  dilate  has  been  already  given  2  (p.  055), 
that  of  the  diminished  palpebral  aperture  is  to  be  sought,  Mr.  Hutchinson  thinks, 
not  in  any  paralytic  state  of  the  sphincter,  but  rather  in  that  of  certain  extensor 
fibres  existing,  but  not  easily  demonstrated,  in  the  human  orbit.  The  symptom  is 
well  known  in  the  lower  animals,  and  is  in  them  more  pronounced  than  in  man. 
These  fibres  being  paralysed,  the  recti  muscles  draw  the  eyeball  a  little  deeper  into  the 
orbit,  and  hence  the  appearance  of  smallness  of  the  globe  or  of  slight  drooping  of 
the  lids. 

ISir  J.  Paget a  has  recorded  a  somewhat  similar  case  : — 

A  child,  a;t.  7,  received  a  severe  injury  to  the  brachial  plexus  from  the  fall  of  a  ladder 
on  her  back  and  neck.  When  the  child  recovered  from  the  shock  she  called  out,  '  Where's 
my  arm?  '  and  from  this  time  until  some  months  after  there  was  perfect  insensibility  of  the 
arm,  with  total  loss  of  motion.    Every  part  wasted,  and  the  limb  was  habitually  cold. 

In  this  case  the  pupil  on  the  injured  side  is  said  to  have  been  always  smaller  than  its 
fellow,  and  the  eye  to  have  appeared  a  very  little  smaller  or  less  open  than  the  other. 

For  the  treatment  of  these  and  similar  though  less  severe  cases  Sir  J.  Paget  gives 
the  following  directions  : — 

1  fflnst.  of  Clin.  Surg.  vol.  i.  p.  200,  pi.  xxxiv. 

8  Other  evidence  of  the  lesion  inflicted,  in  this  case,  on  the  cervical  sympathetic  is  to  be 
found  in  the  attacks  of  giddiness  to  which  this  man  became  subject  after  Ids  accident.  Of 
this  Mr.  Hutchinson  writes:  '  Probably  we  have  here  an  interesting  illustration  of  the  cause 
of  one  form  of  vertigo — the  inability  on  the  part  of  a  tract  of  the  vasomotor  nerve  to 
regulate  the  calibre  of  the  cerebral  arteries,  and  thus  control  the  supply  of  blood  to  a  certain 
portion  of  the  brain.' 

3  'Clin.  Lect.  on  some  Cases  of  Local  Paralysis,'  Med.  Times  and  Gaz.  vol.  i.  1804, 
p.  331. 
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1.  Constant  warmth.  2.  Regular  friction  and  shampooing.  3.  Local  galvanism 
that  every  severally  paralysed  muscle  may  be  made  to  contract.  4.  Constant  volun- 
tary efforts.  Constant  endeavour  to  attain  every  lost  movement,  and,  when  any 
such  endeavour  is  effectual,  frequent  exercise  of  the  recovered  power.  5.  Set  exercises 
for  each  muscle  in  which  power  is  not  wholly  lost.  6.  Guards  against  distortion 
from  unbalanced  action  of  muscles  and  contractions  of  important  joints,  e.g.  of  fingers 
and  elbow. 

Severe  sprain  of  nech.  Partial  motor  paralysis.  Paralysis  of  both  spinal  acces- 
sory nerves.    Recovery. 1 

A  child,  ?et.  8,  fell,  head  first,  down  a  flight  of  stone  steps,  got  up  without  assistance, 
and  walked  into  school.  Forty-eight  hours  after  the  fall  there  was  incomplete  motor  para- 
lysis of  arms  and  legs,  choking  after  swallowing  even  saliva,  respiration  diaphragmatic, 
head  most  peculiarly  loose.  No  power  to  change  position.  Sensation  unaltered  in  body  and 
limbs.  Pain  complained  of  bitterly  in  back  and  neck.  No  paralysis  of  bladder  and  rectum. 
No  increase  of  reflex  action.  Sterno-mastoids  and  trapezii  paralysed.  The  face  soon  became 
puffed  and  violet,  from  capillary  congestion  with  imperfectly  aiirated  blood.  About  ten  days 
alter  the  fall  the  child  could  put  his  hand  to  his  head,  and  four  days  later  he  could  raise  bis 
head.  Some  injury  had  clearly  taken  place  to  the  cervical  cord  between  the  third  and 
sixth  cervical  vertebra?.  Dr.  Foote  thinks  it  probable  that  when  the  child  fell  on  his  head 
a  sudden  flexion  of  his  neck  took  place.  '  If  he  had  been  older,  his  neck  would,  in  all  pro- 
bability, have  been  broken  ;  but,  owinp  to  the  great  elasticity  of  the  spine  in  early  life,  frac- 
ture of  the  vertebrae  is  not  an  accident  of  boyhood.  The  temporary  compression  of  the  cord 
injured  it  sufficiently  to  interfere  with  its  functions  for  a  short  time,  and  was  fortunately 
repaired  without  myelitis,  or  any  other  complication  which  might  have  ensued,  setting  in.' 
The  prominent  dysphagia  may  be  accounted  for  by  the  connection  of  the  spinal  accessory 
with  the  vagus,  and  more  particularly  with  its  pharyngeal  branch. 

Dr.  Foote  thinks  that  the  not  uncommon  esca.pe  of  sensation  wbile  motion  is  interfered 
with  may  be  accounted  lor  by  the  '  more  superficial  implantation  of  the  motor  roots  of  the 
spinal  nerves  in  their  appropriate  columns,  whereas  the  posterior  sensitive  nerves  plunge 
suddenly  into  the  interior  of  the  cord.'  Another  explanation,  it  will  be  remembered,  has 
been  given  above  (p.  G4o). 

"Wounds  of  the  Cord. 

Under  this  heading  punctured  and  incised  wounds,  are  included,  the  effects  of 
contusions,  lacerations,  &c,  having  been  already  considered  under  the  head  of  '  Frac- 
ture-dislocation.' 

Punctured  and  incised  wounds  of  the  cord  do  not,  happily,  often  come  under  the 
notice  of  the  English  surgeon,  and  the  greater  part  of  our  knowledge  of  this  subject 
is  derived  from  the  experience  of  those  countries  where  the  use  of  the  knife  is 
notoriously  more  common. 

It  is  in  the  cervical  region  that  the  cord  is  especially  accessible  to  a  pointed 
instrument.  Such  an  instrument  as  a  knife,  sword,  or  a  brad  awl  has  been  known 
to  penetrate  the  space  between  the  occiput  and  atlas,  or  that  between  the  posterior 
arches  of  the  atlas  and  axis,  these  injuries  being  facilitated  by  any  flexion  of  the 
head.  Lower  down  the  cord  is  less  accessible,  though  a  pointed  body,  when  directed 
obliquely  from  below  upwards,  has  been  known  to  enter  between  the  ninth  and 
tenth  dorsal  vertebra?.2  Where  great  violence  has  been  used  the  instrument  may 
perforate  the  bone,  pierce  ov  transfix  the  marrow,  enter  the  opposite  bony  wall  of 
the  canal,  or  even,  having  passed  between  the  bodies  of  two  vertebrae,  wound  the 
viscera  which  lie  in  front  of  the  spine.3 

On  the  other  hand,  a  pointed  instrument  may  enter  the  vertebral  canal,  perforate 
the  meninges,  cause  an  escape  of  cerebro-spinal  fluid  for  some  days,  or  a  fatal 
meningitis,  without  wounding  the  cord. 

In  the  following  case  death  was  due  to  an  extension  of  the  traumatic  meningitis. 
The  extreme  hyperesthesia  and  pain  in  the  parts  below  the  wound  are  to  be 
accounted  for,  partly  by  inflammation  of  the  nerves  arising  from  the  cord  in  the 

1  Dr.  Foote,  Dub.  Journ.  Med.  Sei.  vol.  Ixxi.  p.  211  , 

2  Vigues,  Monti,  ties  Hop.  1855  p.  8:j»8.         1  > 

3  A  few  cases  are  on  record  in  which  the  pointed  instrument  has  entered  the  canal 
laterally,  through  an  intervertebral  foramen. 
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neighbourhood  of  the  wound,  and  partly  by  the  injury  to  the  cord  itself.  This  was 
probably  limited  to  the  posterior  columns,  though  the  exact  result  of  the  autopsy  is 
not  given.  Or.  Brown-Sequard,1  who  relates  this  case,  states  that  he  has  proved 
experimentally  that  a  wound  on  the  posterior  surface  of  the  cord  is  followed  by  a 
greater  degree  of  hyperesthesia  in  the  lower  limbs,  when  it  is  made  in  the  middle  of 
the  lumbar  enlargement,  than  when  it  is  made  higher. 

A  soldier  received  a  bayonet  wound  between  the  twelfth  dorsal  and  the  first  lumbar 
vertebrae,  injuring  the  cord.  After  several  bleedings  the  first  pains  diminished,  but  on  the 
second  day,  and  till  his  death,  he  had  the  most  excruciating  pains  and  violent  cramps  in  all 
tlie  parts  below  the  wound.  The  skin  of  the  lower  parts  of  the  trunk  and  the  surface  of  the 
lower  limbs  was  so  sensitive  that  no  one  dared  touch  him.  He  died  on  the  seventh  day 
without  having  had  any  paralysis. 

The  following 2  is  a  most  important  case,  as,  though  not  verified  by  a  post- 
mortem examination,  it  is  much  in  accordance  with  the  results  of  experiments  on 
animals  : — 

A  man,  aet.  28,  was  admitted  into  the  St.  Louis  Hospital,  under  Prof.  Nelaton,  a  short 
time  after  he  had  been  wounded  in  the  back  with  a  gendarme's  sword.  The  wound  was 
transverse,  a^out  half  an  inch  in  length,  between  the  ninth  and  tenth  dorsal  vertebrae,  an 
inch  from  the  line  of  spinous  processes  ;  its  direction  was  oblique  from  right  to  left,  and  a 
little  upwards.  The  lower  limbs  were  completely  deprived  of  voluntary  movement.  Violent 
pain,  especially  in  the  left  lower  limb,  soon  came  on  with  a  kind  of  numbne-is  and  burning 
as  if  the  patient  were  receiving'  electric  shocks.  The  sensibility  of  the  left  lower  limb  was 
evidently  increased,  the  very  least  pressure  on  this  limb  making  the  patient  shriek  out- 
Even  cold  air  caused  pain.  In  the  right  lower  limb  sensibility  was  diminished,  the  patient 
knew  when  he  was  touched,  but  when  pricked  he  felt  710  pain,  and  he  could  not  distinguish 
pressure  by  the  finger  from  the  pricking  of  a  pin.  In  both  cases  he  had  only  the  sensation 
of  contact.  The  day  after  the  injury  some  power  of  voluntary  movement  returned  in  the 
right  limb,  but  the  patient  could  not  lift  it  up  from  the  bed.  The  temperature  of  the  lower 
limbs  was  the  same  as  that  of  the  rest  of  the  body.  Retention  of  urine  and  feces  was 
present.  At  first  the  bypenesthesia  extended  a  little  higher  on  the  le't  side  and  the  genitals 
became  very  sensitive.  But  in  a  few  days  the  patient  became  more  and  more  able  to 
move  the  right,  and  partly  also  the  left  limb.  The  hyperaesthesia  diminished,  especially 
in  the  upper  part  of  the  left  limb,  but  the  right  was  for  a  time  unable  to  feel  contact  of  a 
hand,  and,  i*'  pricked,  the  patient  could  not  localise  the  spot.  About  two  weeks  after 
the  injury  a  slough  formed  painlessly  on  the  right  side  of  the  sacrum.  Two  months  later 
voluntary  movements  had  returned  in  the  two  limbs,  but  sensibility  was  still  deficient  in  the 
right.  After  another  two  months  tile  patient  left  the  hospital  walking  with  a  stick,  not 
having  yet  recovered  entirely  the  power  of  feeling  in  his  right  limb.  Three  years  afterwards 
be  stated  that  he  was  quite  well,  and  could  walk  without  difficulty  or  fatigue;  but  a  year 
later,  after  a  fatiguing  walk,  he  found  a  large  eschar  on  his  right  knee,  produced,  without 
pain,  by  the  friction  of  his  clothes. 

Dr.  Brown-Sequard  thinks  that  in  this  case  'the  point  of  the  sword  divided 
entirely  the  left  posterior  column,  and  a  part  of  the  right  one,  and  also  almost  the 
whole  of  the  grey  matter  and  of  the  lateral  column  on  the  left  side,  leaving  the  grey 
matter  and  the  antero-lateral  column  of  the  light  side  uninjured,  except  by  the 
pressure  upon  them  by  the  blood  which  must  have  been  effused  on  the  withdrawal 
of  the  sword.  In  this  way  we  can  explain  the  rapid  return  of  voluntary  movements 
in  the  right  limb,  by  the  absorption  of  the  blood;  and  we  explain  (1)  the  loss  of 
sensibility  and  the  persistence  for  years  of  a  degree  of  anaesthesia  in  the  right  limb, 
by  the  section  of  almost  the  whole  of  the  grey  matter  in  the  left  side  ;  (2)  the  hyper 
sesthesia,  by  the  peculiar  influence  which  we  have  found  that  a  section  (complete  or 
incomplete)  of  a  lateral  half  of  the  cord  possesses  on  the  sensitive  nerves  originating 
from  the  same  side  of  the  coixl  below  the  injured  part;  (3)  the  more  complete 
diminution  of  movements  in  the  left  than  in  the  right  limb,  by  the  injury  to  the 
grey  matter  and  anterior  column  of  that  side,  and  in  a  measure  also  to  the  left 
column  of  the  same  side. 

A  patient,3  aet.  40,  was  stabbed  with  a  poignard  on  the  night  of  Feb.  15.  The  weapon 
entered  at  the  third  dorsal  vertebra.    The  next  morning  the  following  note  was  made: 


1  PJiys.  nml  Path,  of  the.  Nerv.  Centr.  p.  60.  2  Brown-Sequard,  lor.  toipr.  cit.  p.  97. 

*  This  case,  under  the  care  of  Dr.  Ousco,  is  reported  bv  MM.  Joffroy  and  Salamoti  (Gaz. 
Mid  Nos.  6,  7,  8,  1S72).    Charcot,  lor.  swpr.  cit.  pp.  84  ef  seq. 


WOUNDS  OF  THE  COED. 


711 


Left  lower  extremity. — Complete  motor  paralysis.  The  limb  is  perfectly  flaccid  ;  no  trace  of 
contraction  or  rigidity,  no  spasmodic  movements,  nor  subsultus.  On  the  contrary,  sensi- 
bility appears  in  the  same  limb  to  be  exaggerated  ;  the  least  touch  of  the  skin,  especially  near 
the  loot,  causes  pain.  A  slight  pinch  or  a  tickle  is  very  painful.  Finally,  the  contact  of 
cold  also  produces  painful  sensations,  which  the  patient  compares  to  a  series  of  prickings. 
Right  lower  extremity. — All  the  voluntary  movements  are  perfectly  normal,  but  the  sensi- 
bility is  almost  completely  destroyed.  Complete  analgesia ;  sensitiveness  to  touch  almost 
nil.  The  insensibility  is  not  limited  on  the  right  to  the  lower  limb,  it  ascends  to  a  level  with 
the  nipple.  The  urine  and  faeces  passed  involuntarily.  Feb.  24  (eighth  day),  the  same  phe- 
nomena are  observed  ;  in  addition,  it  is  noted  that  the  left  niotor-paralysed  limb  is  warmer 
than  the  right.  Some  pain  is  felt  in  the  left  knee.  March  5  (seventeenth  day),  the  patient 
complains  of  troubled  sight  ;  the  left  pupil  is  more  contracted  than  the  right,  and  the 
vessels  of  the  left  eye  are  more  volumiuous  and  more  numerous  than  those  of  the  right. 
The  evacuations  have  again  become  voluntary,  for  two  days  past.  The  state  of  the  lower 
extremities  is  still  unchanged.  March  13  (twenty-fifth  day),  the  right  buttock,  since  yester- 
day, has  been  the  seat  of  vivid  redness,  and  the  epidermis  has  already  fallen  off  from  a  part 
of  the  erythematous  patch.  March  14.  The  left  kuee-joint,  which  became  painful  on  Feb. 
24,  is  swollen,  red,  and  painful  (spinal  arthropathy).  March  24.  The  bed-sore  on  the  right 
buttock  is  granulating.  The  swelling,  redness,  and  pain  have  almost  completely  disappeared 
from  the  left  knee. 

A  woman,"  ajt.  21,  was  stabbed  with  a  knife  in  the  back  opposite  to  the  fourth  dorsal  verte- 
bra. Complete  motor  paralysis  and  hyperesthesia  of  the  left  lower  extremity  were  observed  ; 
there  was  anaesthesia,  but  no  paralysis,  of  the  right.  Two  days  before  the  patient's  death, 
which  took  place  on  the  thirteenth  day,  it  was  noticed  that  the  left  limb  bad  notably 
wasted,  measuring  about  two  inches  less  in  circumference  than  the  right.  Post-mortem 
examination. — The  left  lateral  hall*  of  the  spinal  cord  was  completely  divided,  the  edges  of 
the  wound  appeared  swollen,  reddish-brown  in  colour,  and  covered  with  pus.  Below  the 
wound  the  left  lateral  column,  in  all  its  length,  showed  evidence  of  descending  myelitis. 

Prof.  Charcot,  commenting  on  such  cases  as  the  above,  remarks  that  the  motor 
paralysis  of  the  lower  extremity  on  the  same  side  as  the  lesion,  together  with  a  more 
or  less  marked  degree  of  exalted  tactile  sensibility  and  a  notable  elevation  of  tempera- 
ture, correlated  with  vaso-motor  paralysis ;  the  preservation  by  the  opposite  limb  of 
its  normal  temperature  and  power  of  motion,  while  the  tactile  sensibility  is  much 
lessened  and  may  even  be  extinct — all  these  particulars  are  in  accordance  with  the 
experiments  of  Dr.  Brown-Seejuaid.  The  rapid  and  general  atrophy  of  the  para- 
lysed muscles,  noticed  in  the  last  case,  may  be  attributed  to  the  invasion  of  the 
anterior  cornu  of  the  grey  substance  throughout  the  whole  extent  of  the  cord, 
whence  nerves  are  given  to  the  paralysed  muscles. 

The  prognosis  of  wounds  of  the  cord  by  pointed  instruments  is  less  grave  than  in 
the  case  of  those  brought  about  by  contusion  or  laceration,  on  account  of  the  disor- 
ganisation and  reactionary  inflammation  leading  to  myelitis  which  follow  on  the  two 
latter  injuries.  During  the  first  few  days,  even  in  the  slightest  cases  the  prognosis 
must  be  guarded  on  account  of  the  risk  of  secondary  myelitis ;  but  if  this  danger  can 
be  kept  off,  there  is  good  hope  that  the  patient's  life  will  be  saved.  The  amount  of 
motion  and  sensation  which  will  be  restored  will  vary  of  course  according  to  the 
nature  of  the  injury,  the  absence  of  complications,  the  age  of  the  patient,  &c.  Pro- 
minent symptoms  (coming  on  soon  after  the  injury)  of  irritation,  e.g.  pain,  spasmodic 
movements,  together  with  only  a  slight  degree  of  paralysis,  give  reason  for  hoping 
that  the  injury  to  the  cord  itself  is  slight,  and  that  the  chief  injury  is  haemorrhage 
from  a  wounded  meningeal  vessel  (pp.  691  and  692) ;  but  the  same  symptoms  occur- 
ring later,  much  intensified  and  persisting,  will  point  to  the  far  more  serious  lesion  of 
acute  meningitis. 

The  prognosis  in  these  cases  is  rendered  more  doubtful  by  otir  ignorance  as  to  the 
extent  in  which  uninjured  tracts  of  the  cord  may  vicariously  assume  the  functions  of 
those  which  have  been  damaged.  As  remarked  by  Prof.  Erb,2  the  fine  network  of  nerves 
met  with  in  the  cord  would  seem  to  be  an  anatomical  provision  for  such  exigencies. 

Prof.  Schiff3  affirms  that  in  injury  of  almost  any  part  of  the  cord,  the  consequent 
functional  disturbances  may  be  compensated  for  by  an  intact  portion  of  the  cord 
assuming  the  function  of  the  injured  portion  ;  lesion  of  the  posterior  columns  alone 

1  \V.  Miiller,  Beitr.  zwr  Path.  Anat.  mid  Physiol,  des  Mensch.  PMclienmark.es.  Leipzig, 
187!. 

'  Loo.  supr.  cit.  p.  64.  3  Centralb.  fill  dii  Med.  Wiss.  1872,  No.  40. 
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leading  to  a  permanent  loss  of  the  sense  of  touch,  which  cannot  he  repaired.  It  is 
to  be  feared  that  our  knowledge  how  far  the  above  vicarious  assumption  holds  good 
in  man  will  long  remain  very  limited.  Injuries  of  the  cord  are  unhappily  usually  due 
to  crushing,  laceration,  contusion,  and  therefore  (as  stated  above)  likely  to  be  followed 
by  a  disorganising  myelitis,  during  which  the  above  network,  if  it  possess  the  function 
assumed  above  by  Prof.  Erb,  must  suffer  far  more  than  it  does  after  clean-cut 
incisions  made  in  healthy  animals.  With  regard  to  these,  there  appeal's  no  doubt  that 
in  the  lower  vertebrata,  e.g.  frogs,1  and  even  in  very  young  mammalia,  e.g.  dogs,2  a 
certain  amount  of  restoration  of  tissue  may  follow.  In  the  case  of  the  former  nerve- 
cells  as  well  as  fibres  were  found  in  the  cicatrix.  In  the  latter  restoration  of  nerve- 
ganglia  was  never  observed,  and  that  of  nerve-fibres  was  much  more  limited.  Cor- 
responding with  these  conditions,  a  partial  restoration  of  function  was  noticed  after 
many  weeks,3  movements  incomplete  and  '  atactic  '  appearing  first,  sensibility  later. 

In  the  treatment  of  wounds  of  the  cord  from  sharp  instruments,  little  need  be 
added  to  that  which  has  been  given  already  in  the  sections  on  the  treatment  of  acute 
myelitis  and  that  of  injuries  of  the  cord  after  fracture -dislocation. 

The  first  indication  is  to  close  the  wound,  any  probing  of  which  is  to  be  empha- 
tically forbidden,  unless  there  is  reason  to  believe  that  any  foreign  body  is  left 
behind,  and  for  this  purpose  the  instrument  with  which  the  wound  was  inflicted  is 
always,  if  possible,  to  be  inspected.  The  wound  in  the  soft  parts  may  be  closed  with 
a  pad  of  lint  soaked  in  compound  tincture  of  benzoin,  or  sealed  with  antiseptic 
precautions  if  these  are  ready  to  hand.  Ice-bags  or  iced  water  by  coiled  tubing  may 
be  applied  to  the  spine  (p.  G9G),  and  every  effort  made,  on  the  principles  of  general 
surgery,  to  prevent  the  onset  of  myelitis.  Absolute  rest  will  of  course  be  enforced. 
In  the  later  treatment  of  the  case,  in  the  meeting  of  complications,  and  in  the  pro- 
motion of  absorption  of  inflammatory  deposits,  what  has  been  written  above  (pp.  697 
and  706)  may  be  referred  to.  It  should  be  remembered  that  where  there  is  reason  to 
believe  that  any  foreign  body,  e.g.  part  of  the  pointed  instrument,  or  any  piece  of 
clothing,  has  been  driven  into  the  canal  and  left  there,  an  operation  is  to  be  per- 
formed at  once  for  its  removal.  This  should  be  done  according  to  the  directions  given 
(p.  682) ;  any  delay  in  performing  the  operation  is  likely  to  be  disastrous. 

Walter  H.  A.  Jacobson. 

The  Essay  in  the  former  edition  of  this  work  was  by  Mr.  A.  Shaw.  The 
present  one  is  rewritten  ;  but  free  use  has  been  made  of  Mr.  Shaw's  work. 


1  Masius  and  Vanlair,  Ccntralb.  fur  die  Med.  Wiss.  18G9,  No.  39;  and  Arch,  de  Physiol. 
Norm,  et  Path.  iv.  p.  268. 

2  Eichorst  and  Naunyn,  Arch,  fur  Experim.  Pathol,  und  Pharmacol.  Bd.  ii.  p.  225,  1874. 
Prof.  Erb,  however,  states  that  there  is  some  suspicion  as  to  the  correctness  of  these  results, 
as  Goltz  and  Freusberg  (Pflueger's  Arch.  Bd.  ix.  p.  390)  have  never  seen  a  regeneration  and 
restoration  of  function  in  their  numerous  experiments  upon  dogs,  although  some  were  kept 
livinsr  for  an  extremely  long  time. 

3  A  specimen  (No  2550)  in  the  Museum  of  St.  Bartholomew's  Hospital  is  probably  of 
this  nature.  It  shows  part  of  the  spinal  cord  of  a  pigeon.  The  spinal  cord  was  divided 
transversely  just  above  the  ossa  innominata,  two  months  before  the  death  of  the  bird.  Com- 
plete paraplegia  followed,  hut  in  the  succeeding  two  months  the  healing  was  nearly  com- 
pleted, and  the  pigeon  regained  the  power  of  standing  and  of  walking  slowly.  The  division 
was  made  by  Dr.  Brown-Sequard. 
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THE  face,  the  most  exposed  part  of  the  body,  would  be  more  frequently  the  seat  of 
injury  were  it  not  for  its  comparatively  small  size,  the  great  mobility  of  the 
head  and  cervical  spine,  and  the  protection  of  the  forearm  and  hand,  aided  by  the 
obliquity  of  the  lower  extremity  of  the  humerus  from  without,  downwards  and 
inwards,  which  brings  the  hand  in  flexion  immediately  in  front  of  the  mouth. 

-  A  few  points  in  the  anatomy  of  the  face  are  of  the  greatest  importance  to  the 
surgeon.  Thus  the  skin  is  remarkable  for  its  thinness,  its  abundant  supply  of 
minute  vessels,  nerves,  sudoriparous  and  sebaceous  glands,  and  its  intimate  union 
by  the  dense  subcutaneous  cellular  tissue  to  the  subjacent  muscles.  Speaking  gener- 
ally, the  skin  of  the  face  is  more  adherent,  and  the  subjacent  cellular  tissue  is  more 
dense  and  less  fatty  along  the  median  line  than  at  the  lateral  parts,  the  nose  and 
lips  being  instances  of  this.  According  to  Guntner  1  the  shortness  and  stiffness  of 
the  connective-tissue  of  the  lips,  nose,  and  septum  narium  specially  favours  the  early 
occurrence  of  thrombosis  of  the  veins,  which  is  the  first  step  to  the  ensuing  pyaemia 
(see  below).  Of  the  veins  of  the  face  the  facial  is  remarkable  for  its  patency,  the 
absence  of  valves,  its  free  communication  with  the  cavernous  sinuses  and  the  internal 
jugular  vein,  anatomical  points  which  in  part  explain  the  sudden  death  which  has 
been  observed  after  injection  of  facial  nsevi,  the  grave  nature  of  facial  carbuncle  and 
of  malignant  pustule  from  their  proneness  to  produce  pyaemia,  and  the  rapidity  with 
which  inflammation  starting  from  the  face  may  reach  the  brain.  The  bones  of  the 
face  are  either  thin  and  paperlike,  or  thicker  and  spongy,  but  in  both  instances  vas- 
cular  and  little  liable  to  exfoliation.  They  yield  to  pressure,  tend  to  regain  their 
shape  and  place,  and  unite  readily  when  broken  (pp.  718  and  726). 

Wounds. 

Contused  and  lacerated  wounds. — These  may  be  of  the  severest  kind,  as  when 
caused  by  machinery,  broken  glass,  a  kick  from  a  horse,  severe  falls,  or  crushing- 
blows.  Speaking  generally,  though  the  contusion  and  laceration  be  great,  if  the 
patient  be  in  neither  extreme  of  life,  and  if  the  viscera  be  sound,  these  injuries  are  of 
favourable  prognosis  both  as  regards  recovery  and  absence  of  ultimate  deformity. 
The  early  application  of  leeches,  and  moderate  venajsection  if  the  patient  be  an  adult 
and  full  blooded,  the  application  of  a  mask  of  lint,  wrung  freshly  every  half-hour 
out  of  a  watery  solution  of  sub-acetate  of  lead  and  opium,  a  purgative  followed  for  a 
few  days  by  the  regidar  administration  of  pulv.  Dover,  and  hyd.  cum  cret.  will 
usually  promote  rapid  absorption.  In  this  kind  of  wound  the  surgeon  must  be 
guided  by  the  amount  of  laceration,  the  probability  of  erysipelas,  &c,  as  to  whether 
he  will  make  any  attempt  to  bring  the  edges  together.  Where  sutures  are  not 
thought  advisable,  one  or  two  pieces  of  good  strapping,  cut  narrow  in  the  centre  to 
admit  of  the  free  escape  of  discharge,  are  often  useful ;  where  the  parts  are  inflamed, 
(Edematous,  and  very  painful,  scarification  by  a  number  of  careful  punctures  is  a  very 
useful  remedy. 

Abscesses  should  be  opened  early,  for  fear  of  erysipelas,  and  in  making  the  incision 
not  only  the  vessels  and  Steno's  duct,  but  any  natural  furrow  or  feature-line,  should 
be  remembered. 

Incised  wounds. — While  these  usually  originate  in  the  ordinary  way  from  some 
1  Schmidt's  Jahrb.  J 14,  p.  42. 
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sharp  instrument,  it  is  noteworthy  that  when  situated  over  the  superior  maxilla  or 
the  malar  bone,  and  due  to  a  blow  with  a  blunt  instrument  or  to  falls  upon  these 
bony  prominences,  they  may  closely  resemble  an  ordinary  incised  wound,  and  so  be 
of  medico-legal  interest.1 

It  is  of  the  very  first  importance  to  secure  as  rapid  union  as  possible  of  wounds 
in  this  region,  and  so  to  obviate  any  deformity  resulting  from  a  scar.  Of  this  im- 
portance we  have  proofs  in  the  disfigurement  resulting  from  an  imperfectly  adjusted 
eyebrow  or  lip,  and  in  the  alterations  in  the  conjunctiva  after  ectropion. 

The  wound  should  first  be  thoroughly  cleansed  from  all  dirt  or  foreign  bodies, 
by  careful  syringing  or  the  use  of  a  camel's-hair  brush.  Owing  to  the  vascularity  of 
the  part,  small  foreign  bodies  may  soon  become  embedded  and  partly  healed  over. 
Dr.  Johnson  2  records  a  case  where  trismus,  facial  neuralgia,  and  paralysis,  with  a 
recurrence  of  epilepsy  (the  patient  was  44,  and  had  been  free  from  fits  for  twelve 
years),  were  caused  by  a  foreign  body,  a  sharp  angular  piece  of  flint,  which  was 
embedded  in  a  painful  cicatrix  of  the  cheek,  and  the  removal  of  which  was  followed 
by  complete  recovery.3 

In  his  choice  of  means  of  retaining  the  surfaces  of  the  wound  in  apposition,  the 
surgeon  must  be  guided  by  the  size  of  the  wound,  its  depth,  the  proximity  of  dis- 
turbing muscles,  and  the  amount  of  coexistent  bruising.  Thus  where  a  clean-cut 
wound  gapes,  sutures  either  of  fine  wire,  silk,  or  chromic  acid  catgut4  should  be 
used  with  the  finest  possible  needle.  Where  muscles  may  displace  the  edges  of  the 
wound,  e.y.  in  the  lip,  &c,  it  will  be  well  to  use  fine  hare-lip  pins  and  a  twisted 
suture.  If  sutures  of  wire  or  silk,  or  a  hare-lip  pin.  have  been  used,  they  should  be 
removed,  as  a  rule,  at  the  end  of  forty-eight  hours  to  prevent  scarring,  especially  in 
the  case  of  women  or  children.  Haemorrhage  after  injuries  of  the  face  may,  of  course., 
be  primary  or  secondary,  owing  to  that  same  vascularity  of  this  region  which  is  so 
favourable  to  rapid  repair.  In  cases  of  primary  haemorrhage,  pressure  over  the 
smaller  arteries,  or  in  the  case  of  the  facial  the  use  of  a  hare-lip  pin,  or  enlarging 
the  wound  and  twisting  both  ends,  will  be  called  for.  Secondary  haemorrhage  is 
occasionally  met  with  as  one  of  the  severest  forms  of  epistaxis,  after  serious  fractures 
of  the  nasal  and  other  bones.  Where  the  use  of  ice  and  astringent  injections  have 
failed,  plugging  the  nares  may  be  required.  In  serious  cases  the  subcutaneous 
injection  of  ergotin,  as  recommended  at  p.  633,  should  always  be  made  use  of. 

Mr.  Erichsen  5  mentions  a  form  of  haemorrhage  which  might  easily  be  overlooked. 
A  drunken  man,  soon  after  his  admission  into  University  College  Hospital,  vomited 
a  large  quantity  of  blood,  which  was  at  first  supposed  to  proceed  from  some  internal 
injury  ;  on  further  examination,  however,  it  was  found  that  the  blood  came  from  a 
coronary  artery  which  had  been  divided,  with  the  mucous  membrane,  against  the 
teeth. 

After  an  incised  wound  has  been  brought  into  apposition,  the  only  dressings 
really  required  are  a  few  pieces  of  strapping,  suitably  cut  and  adjusted,  so  as  to  give 
any  additional  support  which  may  be  needed  to  prevent  dragging.  If  he  prefer,  the 
surgeon  may  paint  the  wound  and  its  neighbourhood  with  collodion,  but  this  should 
be  applied  evenly  and  without  excess,  otherwise  the  wound  will  be  dragged  upon 
unequally  and  irregularly.  Another  useful  application  is  a  small  pad  of  lint  squeezed 
out  of  tr.  benz.  co.,  and  left  on  till  the  sutures  have  been  removed.  In  severer  cases, 
where  it  is  difficult  and  often  useless  on  account  of  the  proximity  of  the  wound  to 
or  its  communication  with  septic  cavities,  e.g.  those  of  the  mouth  or  nose,  to  attempt 
antiseptic  treatment  in  its  entirety,  I  would  strongly  recommend  the  use  of  silver 

1  A  similar  result  is  known  to  follow  falls  upon  the  bony  prominence  of  the  olecranon. 
Velpeau,  Moniieur  de.s  Hopitaux,  No.  80. 
Clin.  Soc.  Trans,  vol.  vi.  p.  38. 

3  Cases  where,  after  falls,  a  tooth  and  a  portion  of  a  tooth  have  been  dislodged  in  the  one 
case  into  the  antrum,  in  the  other  into  the  substance  of  the  lip,  have  been  recorded  by  Mr. 
Mason,  Lancet,  1878,  vol.  i.  p.  339 ;  and  Mr.  Haynes  Walton,  Med.  Times  and  Gaz.  1809, 
vol.  ii.  p.  546. 

4  For  the  preparation  of  this,  see  Prof.  Lister's  address,  Clin.  Soc.  Trans,  vol.  xiv.  p.  lvi. 

5  Science  and  Art  of  Surgery,  vol.  i.  p.  597. 
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wire,  chromic  acid  catgut,1  or  horse-hair  sutures,  and  the  application  of  soft  sponges 
of  suitable  size,  thoroughly  soaked  in  and  wrung  out  of  carbolic  acid  (1  to  20). 
The  sponges  by  their  elastic  pressure  keep  the  surfaces  of  the  wound  in  quiet  apposi- 
tion, and  furthermore  serve  to  check  the  amount  of  effusion  of  blood,  &c,  and  at  the 
same  time  to  suck  up  what  comes  away.  Over  the  sponge  a  large  double  layer  of 
boracic  acid  lint  may  be  applied,  and  in  a  few  days  a  dressing  of  boracic  acid  oint- 
ment may  usually  be  substituted.2 

After  the  healing  of  a  wound  of  the  face  the  future  condition  of  the  cicatrix  may 
be  a  matter  of  anxiety  to  the  patient.  The  surgeon  must  not  too  readily  say  that 
'  the  scar  will  wear  out,'  save  where  it  has  been  small  and  entirely  cutaneous. 
While,  in  young  subjects  especially,  there  is  an  undoubted  tendency  for  the  hardness 
and  stiffness  of  a  cicatrix  to  diminish,  the  actual  size  of  a  cicatrix  will  probably 
increase.  In  connection  with  this  subject  the  words  of  Sir  J.  Paget 3  are  to  be 
remembered.  '  The  scar  of  the  child,  when  once  completely  formed,  commonly  grows 
as  the  body  does,  at  the  same  rate,  and  according  to  the  same  general  rule,  so  that 
the  scar  which  the  child  might  have  said  was  as  long  as  his  own  forefinger,  will 
still  be  as  long  as  his  forefinger  when  he  grows  to  be  a  man.' 

Mr.  W.  Adams  4  has  made  use  of  an  operation  in  cases  of  depressed  cicatrices  of 
the  face  and  neck  which  may  be  useful  in  some  cases  where,  after  injuries  of  the  face, 
deformity  follows.  He  divides  subcutaneously  all  the  deep  adhesions  of  the  cicatrix, 
this  being  then  kept  raised  by  hare-lip  pins  passed  through  the  base,  until  the  depression 
is  tilled  up  with  inflammatory  matter  which  prevents  the  cicatrix  becoming  depressed 
again.  The  pins  are  removed  on  the  third  day,  and  the  cicatrix,  now  succulent  and 
swollen,  gradually  settles  down  upon  a  level  with  the  surrounding  parts. 

Complications  of  wounds  of  the  face. — 1.  Hcemorrhage. — This  has  been  already 
allurled  to  (p.  714). 

2.  Retention  of  foreign  bodies  (p.  714). 

3.  Erysipelas. — This  is  common  in  patients  of  middle  life  and  with  unsound 
viscera,  or  where  pus  is  pent  up.  It  is  not  to  be  regarded  lightly,  on  account  of  its 
tendency  in  these  patients  to  spread  upwards  oyer  the  scalp  and  downwards  to  the 
neck  and  cause  cedema  glottidis.  Its  advent  should  be  looked  for,  and  cut  short  by  a, 
sharp  purge  or  emetic. 

4.  jEiupht/sema. — Where  the  nasal  bones,  the  ethmoid,  or  the  fiontal  are  fractured, 
or  the  cavity  of  the  antrum  opened,  emphysema  often  follows  a  short  time  after  the 
injury.  It  may  be  at  first  alarming  from  the  swelling  which  it  causes  ;  but,  as  a  rule, 
it  passes  off  in  seven  or  ten  days.  Blowing  the  nose  should  be  interdicted  during 
this  time. 

5.  Salivary  fistula,. — This  may  occur  after  injury  to  the  gland  itself  or  its  duct, 
e.g.  stabs  with  a  pair  of  scissors,  burns,  or  suppuration  after  injury.  Small  and 
recent  fistulas  may  usually  be  treated  by  careful  drying  and  painting  with  collodion,5 
the  application  of  a  fine  point  of  silver-nitrate,  or  a  heated  wire,  or  by  carefully 
paring  the  edges,  and  sewing  them  in  apposition  with  a  fine  silver  suture,  and  apply- 
ing gentle,  even  pressure.  In  cases  of  more  severity,  or  of  longer  standing,  great 
difficulty  is  met  with.  The  saliva  not  only  escapes  profusely  at  meal  times,  but  also 
during  the  night,  causing  the  mouth,  on  the  affected  side,  to  be  hot  and  dry  ;  the 
edges  of  the  fistula  tend  to  become  inflamed  from  the  constant  passage  of  saliva,  and 
the  consequent  irritation,  for  there  is  a  marked  tendency  for  the  oral  opening  of  the 
duct  to  close.  The  simple  wearing  of  a  fine  silver  probe  for  some  time  may  be 
sufficient;  thus  the  oral  opening  is  first  found,  or  one  in  a  corresponding  position  is 
made  by  passing  the  probe  from  the  fistula  into  the  mouth.    The  probe  is  then 

1  As  in  the  case  of  scalp-wounds,  it  is  often  useful  to  combine  these  stitches,  one  or  two 
of  silver-wire  being  first  inserted  and  then  the  rest  of  catgut. 

2  See  Prof  Lister's  most  valuable  papers  on  '  "Recent  Improvements  in  the  Details  of 
Antiseptic  Surgery,'  Lancet,  1875. 

3  Led.  on  Sun/.  Pathology,  p.  37.  For  remarks  on  the  persistence  and  increase  of  the  cica- 
trices of  nasvi  in  regions  such  as  the  face  and  bosom,  see  Mr.  Mason,  Lancet,  187*,  vol.  i.  p.  263. 

4  Brit.  Med.  Journ.  April  29,  187G.  5  Rodolfi,  Gazz.  Lmnb.  iii.  1854. 
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passed  from  the  month  along  the  line  of  the  duct,  past  the  fistula,  up  to  the  gland 
itself.  One  end  is  to  he  brought  out  at  the  angle  of  the  mouth,  curved,  and  secured 
by  strapping  on  the  cheek,  while  collodion  is  painted  onto  the  fistula.1  But  usually 
in  long-standing  cases  where  the  closed  duct  is  not  so  easily  restored,  some  such 
operation  as  that  described  by  Desault2  must  be  performed.  A  fine  trocar  and 
cannula  is  pushed  from  the  fistula  forwards  and  inwards  into  the  mouth,  following  as 
far  as  possible  the  course  of  t  he  duct.  The  trocar  being  withdra  wn,  a  small  silk  seton  is 
passed  along  the  cannula,  the  latter  is  then  withdrawn,  and  the  two  ends  of  the  seton, 
one  projecting  from  the  mouth  and  the  other  from  the  fistula,  are  tied  together  ;  at 
about  the  end  of  three  weeks  (according  to  the  amount  of  inflammation)  the  seton  is 
withdrawn,  and  the  sinus  established  by  it  kept  open  by  daily  passage  of  a  probe. 
When  the  patency  of  the  new  duct  is  thoroughly  established, :i  the  external  aperture 
may  be  closed  by  touching  it  with  silver-nitrate  or  the  cautery,  or  by  paring  the 
edges  and  inserting  silver  sutures. 

6.  Disturbances  of  vision. — A  severe  blow  on  the  face,  as  well  as  on  the  forehead 
or  the  side  of  the  head,  may  cause  loss  of  or  interference  with  vision,  which  may  be 
temporary  or  perpetual.  These  may  be  brought  about  in  different  ways.  (a) 
Temporary  blindness  may  be  produced  by  the  retina  and  optic  nerve  being  in  a  state 
of  concussion  similar  to  that  of  the  brain  after  a  blow  on  the  head.  (/?)  Hemor- 
rhage into,  laceration  or  detachment  of  the  retina  may  be  causes  of  more  persis- 
tent blindness.  (y)  Detachment  or  dislocation  of  the  lens.  (8)  It  is  probable 
that  severe  blows  on  the  face  may  produce  a  state  of  concussion  of  the  lens,  which 
will  lead  to  impairment  of  its  nutrition  and  subsequently  to  the  development  of 
cataract.4  (c)  Wounds  or  contusions  involving  the  supra  or  intra-orbital  brandies 
of  the  fifth  nerve  may  produce  impairment  of  vision,  slight  at  first,  but  slowly  passing 
on  into  total  and  often  irreparable  loss  of  sight. 

It  is  only  of  late  years  that  ophthalmoscopic  examination  has  enabled  us  to  say 
that  such  gradual  and  total  loss  of  vision  may  follow  such  an  injury  without  haemor- 
rhage into,  or  detachment  of  the  retina,  or  dislocation  of  the  lens. 

The  experiments  of  Vicq  d'Azyr5  show  that  exposing,  bruising,  and  lacerating 
the  supra-orbital  branch  of  the  fifth  nerve  in  rabbits  was  liable  to  be  followed  by 
blindness ;  and  more  recently  M.  Rondeau 6  has  carefully  recorded  cases  which 
appear  to  confirm  clinically  the  above  experiments.  In  these  cases,  blindness 
followed  wounds  of  the  eyebrow,  caused  in  the  one  case  by  a  fall,  in  the  other  by 
fragments  of  porcelain.  •  The  ophthalmoscope  showed  venous  congestion  and  loss  of 
transparency  in  the  retina,  want  of  definition  of  the  central  spot,  &c.  This  form  of 
loss  of  vision  usually  follows  gradually  after  the  lapse  of  a  few  weeks  or  months,  and 
is  more  liable  to  arise  after  contusion  or  subcutaneous  laceration  of  the  nerve  than 
after  a  clean-cut  section,  thus  giving  another  instance  of  the  rule  that  it  is  not  only 
defect  but  disturbance  of  nerve  force  which  alters  the  nutrition  of  the  parts  supplied 
by  the  nerve  affected.7 

The  exact  nature  of  the  change,  and  how  it  is  produced,  must  remain  uncertain, 

1  Mr.  II.  Morris  lias  substituted,  with  entire  success,  the  use  of  a  fine  catgut  bougie  for  the 
probe  mentioned  above.  The  bougie  is  passed  in  the  same  way  from  the  mouth.  This  promises 
to  be  a  simpler  method  and  one  more  comfortable  to  the  patient  (Clin.  Soc.  Trans,  vol.  xiii. 
p.  144).  A  case,  under  the  care  of  Mr.  T.  Smith,  in  which  '  catheterisation  '  from  the  mouth, 
combined  with  painting  collodion  over  the  fistula,  proved  successful,  is  recorded  in  »SV.  Barth. 
Hosp.  llepts.  vol.  xv.  p.  147.  2  CEuvr.  Chir.  ii.  p.  221. 

3  Mr.  Erichsen  (Science  and  Art  of  Surgery,  vol.  ii.  p.  309)  suggests  the  introduction  of 
a  piece  of  laminaria  tent,  if  the  sinus  show  much  tendency  to  close. 

4  Thus  Mr.  Erichsen  (Concussion  of  the  Spine,  p.  2.'16)  relates  the  case  of  a  woman,  set. 
40,  and  healthy,  where  a  cataract  developed  three  months  after  a  blow  received  on  the  malar 
bone  in  a  railway  collision.  So,  too,  impairment  of  nutrition  followed  by  organic  change 
may  take  place  deeper  in  the  eye,  as  evidenced  by  the  supervention  of  white  atrophy  of  the 
optic  disc  after  a  similar  shake  or  jar. 

5  Journ.  Complement  des  Scien.  Med.  vol.  xliv.  p.  201. 
0  Affect,  Odd.  Keflex.  Palis,  1866,  p.  53, 

7  See  Sir  J.  Paget's  Surgical  Pathology.  Iect.  ii. ;  and  Mr.  Hilton's  Rest  and  Pain,  -'!rd  ed. 
p.  200. 
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as  long  as  we  are  uncertain  about  the  exact  nature  of*  trophic  nerves.  Probably  the 
intimate  connection  between  the  supra-orbital  and  the  ciliary  sympathetic  nerves, 
through  the  lenticular  ganglion,  is  the  means  by  which  the  reflex  changes  in  the 
vascularity  and  nutrition  of  the  eye  are  produced. 

For  a  discussion  of  the  nature  and  causes  of  this  form  of  amaurosis,  see  Erichsen, 
'  Concussion  of  the  Spine,'  lect.  x. 

Mr.  Erichsen  compares  this  form  of  amaurosis  to  the  condition  of  those  patients 
who  become  amaurotic  after  dental  irritation,  caries,  pivoting  of  a  tooth,  &c. 
There  is,  however,  this  difference,  that  the  latter  is  temporary,  and  admits  of  ready 
remedy;  the  former,  on  »the  other  hand,  seems  to  be  most  obstinate,  to  progress 
steadily  to  entire  loss  of  vision,  and  even  to  the  implication  of  the  sight  of  the 
opposite  eye. 

Treatment. — If  there  be  a  painful  scar,  or  much  thickening  over  the  supra-orbital 
nerve,  this  condition  must  be  treated  by  gentle,  persevering  counter-irritation.  If 
this  fail,  removal  of  the  cicatrix  and  of  the  included  nerve  may  be  tried.  The 
possible  presence  of  any  foreign  body  in  the  cicatrix,  such  as  a  fragment  of  flint, 
metal,  or  porcelain,  is  to  be  remembered. 

Wounds  of  nose. — It  is  an  established  rule  in  cases  of  an  incised  wound  to  care- 
fully clean  and  replace  the  detached  portion,  which  is  then  to  be  held  in  apposition 
by  one  or  two  fine  sutures  (p.  715).  This  is  to  be  done  even  in  cases  where  the 
interval  of  time  that  has  elapsed  since  the  injury  renders  the  result  very  doubtful.1 
A  little  collodion  may  be  painted  over  the  sutures  or  sponge-pressure  applied  (p.  715). 
In  any  case  the  part  should  be  kept  warm.  A  little  later  on  a  leech  should  be  used, 
or  a  few  careful  punctures  made,  if  needful,  to  relieve  the  venous  congestion. 

Mr.  Spencer  Watson '- alludes  to  two  other  conditions  occurring  after  injury  of 
the  nose  and  which  may  be  easily  overlooked,  (a)  Blood  tumour  of  the  septum 
nasi. — This  may  come  on  in  the  nose  like  an  ecchymosis  elsewhere.  It  is  to  be 
recognised  by  its  sudden  onset,  and  tense,  glossy,  purple  look.  If  there  be  great 
discomfort  or  any  impediment  to  respiration,  a  puncture  should,  of  course,  be  made. 
(B)  Abscess  of  the  septum  nasi. — This  may  follow  about  ten  days  after  an  injury 
to  the  nose,  probably  as  a  result  of  the  above-mentioned  condition. 

Contraction  of  the  external  openings  of  the  nose  may  occur  after  lacerated  wounds 
in  the  neighbourhood,  or  after  burns,  scalds,  or  the  throwing  of  vitriol.  It  is  to  be 
combated  by  the  persevering  use  of  laminaria  tents. 

Mr.  Watson  3  also  draws  attention  to  the  fact  that  in  young  children  the  cartila- 
ginous condition  of  the  sphenoid  makes  it  very  possible  that  the  brain  may  be 
injured  by  sharp-pointed  instruments  without  any  external  wounds. 

Foreign  bodies  in  the  nose. — Beads,  buttons,  beans,  bits  of  slate-pencil,  fruit- 
stones  are  often  met  with  in  the  nostrils  of  children.  The  existence  of  a  foreign 
body  should  always  be  borne  in  mind  when  a  patient  suffers  from  nasal  obstruction 
or  discharge,  especially  in  one  nostril.  The  child  may  have  forgotten  the  passing  of 
anything  into  his  nose,  or  he  may  deny  it  through  fear.  Again,  the  nostrils  become 
very  tolerant  of  the  foreign  body,4  the  slight  tenderness,  swelling,  and  redness  which 
exist  at  first  pass  off  unnoticed,  and  only  a  discharge  remains,  which  is  not  always 
offensive.  The  important  points  in  the  diagnosis  are  the  discharge  coming  only  from 
one  nostril,  a  healthy  condition  of  the  opposite  side,5  the  age  of  the  patient,  and  the 
use  of  a  probe.  In  all  cases  of  doubt  or  difficulty  an  anaesthetic  should  be  given  and 
the  affected  nostril  washed  out.    If  an  anaesthetic  is  not  given,  the  child's  legs  and 

1  Two  such  cases  are  recorded  by  Mr.  Mason  (Lancet,  1878,  vol.  i.  p.  265).  Mr.  Spencer 
Watson  ('Injuries  and  Diseases  of  the  Nose')  quotes  a  case  (Med.  Gaz.  No.  40)  where 
the  detached  portion,  which  had  been  quite  separated  for  live  hours  and  a  half,  became 
reunited. 

2  Loc.  supr.  cit.  3  Loc.  supr.  cit.  p.  296. 

4  In  the  Brit.  Med.  Journ.  1867,  vol.  ii.  p.  266,  Mr.  Hickman  records  a  case  of  a  steel 
ring  which  was  in  the  nose  tor  thirteen  and  a  half  years. 

5  As  pointed  out  by  Mr.  Cooper  Forster  (Surg.  Dis.  of  Children,  p.  15),  the  discharge 
being  confined  to  one  nostril,  though,  a  very  important  indication,  is  nut  constant,  as  the 
septum  may  be  ulcerated  through. 
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arms  should  be  well  secured  and  the  head  held  firmly  and  inclined  a  little  backwards, 
while  the  child  is  seated  before  a  good  light  in  a  nurse's  lap.  The  toothed  extremity 
of  the  little  instrument 1  (fig.  101)  is  then  gently  introduced  along  the  septum  beyond 
the  1'oreign  body,  which  is  then  caref  Lilly  levered  out.  The  foreign  body  will  generally  be 
found  between  the  inferior  turbinated  bone  and  the  septum  nasi ;  occasionally  when 
the  body  is  higher  up,  great  difficulty  will  be  met  with  in  its  extraction  :  in  such 


Fig.  101. 


cases  it  may  be  dislodged  into  the  pharynx  by  a  probe,  the  surgeon  keeping  one  or  two 
fingers  behind  the  velum  palati.  Syringing  should  only  be  retained  for  two  classes 
of  cases,  as  a  temporary  measure  when  the  foreign  body  is  deeply  imbedded  in  ulce- 
rated mucous  membrane,  or  to  supplement  the  use  of  the  above  instrument  in  the 
removal  of  such  substances  as  gingerbread,  paper  pellets,  &c.2 


Fractures. 

Fracture  of  the  nose. — i.  Of  the  ossa  nasi. — Small  as  these  bones  ore,  fracture  here  is 
of  considerable  importance.  The  injury  is  usually  caused  by  direct  \  iolence,3  and,  as  the 
bones  lie  very  superficially,  great  swelling  sets  in  rapidly  and  masks  the  fracture, 
accurate  examination  being  rendered  still  more  difficult  by  the  unwillingness  of 
the  patient  to  submit  to  handling  of  so  sensitive  a  part.  Furthermore,  as  this  frac- 
ture unites  very  early,4  a  confirmed  though  slight  irregularity  in  the  outline  of  the 
bones  may  become  a  serious  deformity. 

The  line  of  fracture  is  usually  transverse,  a  little  above  the  lower  margins  of  the 
bones,  the  lower  fragments  being  usually  displaced  backwards  and  occasionally  some- 
what laterally. 

The  complications  which  may  be  met  with  are  severe  epistaxis,5  emphysema, 
injury  to  the  lachrymal  sac,  leading  to  obstruction  to  the  flow  of  tears,  &c,  and  brain 
symptoms,  due  either  to  concussion,  or,  where  great  violence  has  caused  depression  of 
the  nasal  bones  and  driving  upwards  of  the  cribriform  plate  of  the  ethmoid,  to  far 
graver  injury  of  the  brain. 

ii.  Of  the  septum  nasi. — In  these  cases  fracture  usually  takes  place  through 
the  lower  or  cartilaginous  part  of  the  septum  (which  is  often  irregularly  calcified),  or 
at  the  junction  of  the  bony  and  cartilaginous  portions. 

(n)  If  the  septum  remain  displaced  to  one  side,  the  external  deformity  is  but 
slight ;  but  much  inconvenience  is  felt  from  the  alteration  in  the  voice,  and  obstruc- 
tion to  the  passage  of  air,  an  obstruction  which  resembles  that  of  nasal  polypus  in 
being  worse  in  warm  moist  weather. 

1  This  most  valuable  instrument  is  figured  by  Prof.  Gross,  Am.  Journ.  Med.  &ci.  1864,  ii. 
p.  395.  For  the  removal  of  foreign  bodies  fiom  the  nose  and  ear  alike,  it  is  much  superior 
to  a  bent  probe,  fine  forceps,  or  loop  of  wire.  It  can  be  procured  from  Messrs.  Matthews,  of 
Carey  Street. 

2  It  is  worth  remembering  that  foreign  bodies  in  the  nose  are  not  always  introduced  by 
the  nose.  Mr.  Lowndes  (Brit.  Med.  Journ.  1867,  vol.  ii.  p.  206)  has  recorded  the  case  of  a 
child,  a?t.  15  months,  in  which  a  brass  ring  impacted  in  the  posterior  nares  was  removed 
by  means  of  curved  forceps  introduced  by  the  nose  and  a  finger  and  thumb  placed  at  the 
back  of  the  pharynx.  As  the  ring  was  evidently  too  large  to  have  entered  by  the  nose,  it  is 
probable  that  while  it  was  in  the  child's  mouth  a  choking  fit  came  on,  which  drove  it  up 
behind  the  soft  palate. 

3  In  two  cases  which  came  lately  under  the  writer's  notice,  the  fracture  was  caused  by  a 
fall,  in  the  one  case  over  a  doorstep,  in  the  other  over  a  croquet-hoop. 

4  See  p.  713.  Malgaigne  (Traite  des  Fractures  et  des  Dislocation*)  refers  to  the  rapid  union 
of  these  fractures.  Hamilton  (Fractures  and  Dislocations,  p.  92)  refers  to  a  case  where  '  the 
fragments  were  quite  firmly  united  by  the  seventh  day.' 

5  This  epistaxis  dot*s  not  usually  last  long.  It  may  be  distinguished  from  the  haemor- 
rhage from  the  nose  which  may  accompany  fractures  of  the  anterior  or  middle  fossa!  of  the 
skull  by  the  facts  that  in  these  latter  cases  the  nose  is  usually  uninjured,  and  that  the 
haemorrhage  is  not  only  considerable  but  of  longer  continuance. 
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(/3)  In  other  cases,  the  septum  is  not  only  displaced  laterally,! >ut  depressed  as  well. 
Then,  in  addition  to  the  above-given  symptoms,  a  most  annoying  deformity  will  be 
also  present. 

iii.  Diastasis,  or  separation  of  the,  nasal  bones  at  their  sutures. — This,  which  is 
rather  a  dislocation  than  a  fracture,  usually  takes  place  along  the  lateral  margins 
of  the  bones,  and,  as  in  the  case  of  the  cranial  sutures,  is  more  common  in 
early  life. 

Treatment. — The  importance  of  early  recognition  of  these  injuries  lias  already 
been  pointed  out.1  Where  the  existence  of  a  fracture  is  suspected,  prompt  measures 
should  be  taken  to  remove  the  swelling,  e.g.  by  ice,  leeches,  &c.  An  attempt 
should  be  made,  as  early  as  possible,  to  rectify  any  displacement.  For  this  purpose, 
an  anaesthetic  being  given,  if  needful,  the  fragment  should  be  replaced  by  means  of  a 
steel  director 2  or  a  small  steel  sound  which,  has  been  straightened,  internally,  and 
the  use  of  the  fingers  externally. 

When  once  replaced  the  bones  will  usually  remain  in  situ ;  but  where,  owing  to 
comminution  or  to  great  external  swelling,  the  fragments  tend  to  again  become  dis- 
placed, the  question  of  the  advisability  of  plugging  the  nostrils  may  arise.  As  a 
ride  this  practice,  difficult  to  accomplish,  irksome  to  the  patient,  and  often  futile  in 
its  results,  will  not  be  required  if  the  surgeon  keeps  his  patient  under  frequent  ob- 
servation during  the  first  few  days,  so  as  at  once  to  rectify  any  malposition.  After 
this  time  the  tendency  to  displacement  ceases.  If,  for  the  reasons  mentioned  above, 
plugging  appear  really  needed,  the  use  of  small  bits  of  catheter  encased  in  drainage 
tube  (for  the  purpose  of  steadying  them)  internally,  and  a  carefully  moulded  gutta- 
percha splint  externally,  will  be  found  preferable  to  pledgets  of  oiled  lint.  Laminaria 
tents,  which  can  be  perforated,  shaped  to  any  size,  and  easily  withdrawn,  may  be 
found  useful  in  some  cases.3  In  those  cases  where  the  surgeon  is  consulted  for  de- 
formity, some  time  after  a  fracture,  much  may  be  done  by  giving  an  anaesthetic  on 
one  or  more  occasions,  and  forcibly  bringing  the  nasal  bones  or  septum  into  position, 
rebending  or  refracturing  them  if  necessary.  For  this  purpose  a  pair  of  forceps,  with 
stout  but  not  serrated  edges,  should  be  used,  similar  to  that  described  by  Mr.  Adams  4 
and  Mr.  Spencer  Watson.5 

Fracture  of  the  zygomatic  arch. — This,  which  is  rare,  may  take  place  in  three 
ways,  (a)  From  within,  when  a  foreign  body  which  happens  to  be  held  within  the 
mouth  at  the  time  of  a  fall  is  thrust  outwards,  (/?)  The  zygomatic  process  of  the 
temporal  bone  may  give  way  when  the  superior  maxilla  is  fractured,  or  the  malar 
bone  fractured  and  driven  downwards,  (y)  By  direct  injury  from  without.  The 
attachment  of  the  temporal  fascia  above,  and  of  the  masseter  below,  will  prevent  much 
displacement ;  great  swelling  will  probably  be  present,  and  the  same  violence  which 
has  caused  fracture  of  the  zygomatic  arch,  especially  at  its  posterior  portion,  may 
very  likely  produce  concussion  of  the  brain,  together  with  some  seiious  cerebral 

1  'As  to  the  prognosis  in  these  fractures,  I  can  only  say  that,  either  owing  to  the 
ignorance  and  carelessness  of  the  patients  themselves  who  neglect  to  call  a  surgeon  in  time, 
or  to  the  difficulty  of  diagnosis,  or  to  the  greater  difficulty  in  maintaining  an  adjustment  of 
the  fragments,  it  has  hitherto  happened  that,  after  a  fracture  of  the  ossa  nasi,  more  or  less 
deformity  has  usually  remained.  I  have  seen  hut  few  which  could  he  said  to  be  perfectly 
restored.' — Hamilton,  loc.  supr.  (sit.  p.  96. 

2  The  use  of  a  female  catheter  is  usually  recommended,  but  the  very  small  size  of  the 
upper  part  of  the  nasal  cavity,  together  with  the  great  sensitiveness  of  the  mucous  membrane, 
must  be  borne  in  mind,  and  only  the  smallest  possible  instrument  used. 

3  Mr.  Erichsen  (loc.  supr.  cit.  vol.  i.  p.  396)  says  that '  a  vulcanised  india-rubber  dilator,  of 
proper  size  and  shape,  introduced  empty,  and  then  expanded  with  water,  will  he  found  to 
answer  admirably  in  restoring  the  shape  of  a  "broken  nose,"  even  though  some  weeks  have 
elapsed  since  the  injury.'  Such  a  bag,  which  will  also  he  found  useful  .in  some  cases  of  epis- 
taxis,  will  be  found  figured  in  Mr.  Spencer  Watson's  book  (p.  56). 

4  Lancet,  1875,  vol.  i.  p.  649. 

5  Loc.  supr.  cit.  p.  305.  In  addition  to  the  above-mentioned  forceps,  other  instruments 
which  may  be  found  useful  are  here  figured,  together  with  cases  where  they  were  successfully 
used  by  Mr.  Adams. 
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lesion.  Where  the  fragments  are  comminuted,  crepitus  may  be  present,  together 
with  difficulty  or  pain  in  moving  the  jaws,  from  projection  of  a  fragment  into  the 
tendon  of  the  temporal  muscle. 

Treatment. — As  a  rule,  little  will  bo  required  beyond  attention  to  the  accompany- 
ing contusion.  Where  the  fragments  are  driven  deeply  inwards,  an  attempt  may  be 
made,  when  the  patient  is  under  the  influence  of  ether,  to  restore  them  by  pressure 
from  within  the  mouth ;  this,  however,  will  only  succeed  when  the  line  of  fracture 
runs  very  close  to  the  malar  bone.  Where,  owing  to  interference  with  the  action  of  the 
temporal  muscle  1  and  great  pain,  it  appears  imperative  to  raise  a  depressed  fragment, 
and  attempts  by  the  mouth  have  proved  fruitless,  elevation  may  be  brought  about  by 
making  a  small  incision  down  upon  the  fragment,  and  bringing  it  up  by  perforating 
it  with  a  small  screw-elevator  or  gimlet ;  or  by  making  an  incision  above  the 
zygoma  through  the  ternpoi'al  fascia,  and  thus  introducing  an  elevator  beneath 
the  fragments.2 

Fracture  of  the  malar  bone. — This  fracture  rarely  occurs  alone;  the  malar  bone 
being  driven  in  upon  the  antrum  causes  fracture  of  the  superior  maxilla  ;  or  in  cases 
of  more  crushing  violence,  multiple  fractures  of  the  facial  bones  are  usually  caused  at 
the  same  time.  After  fracture  through  the  orbital  border,  blood-extravasation 
within  the  orbit  may  take  place.  Thus  Mr.  Holmes  3  records  the  case  of  a  gentleman 
who  after  a  fall  from  his  horse  received  a  fatal  brain  injury.  An  orbital  ecchymosis, 
which  during  life  had  exactly  resembled  that  which  attends  a  fracture  of  the  base  of 
the  skull,  was  found,  post-mortem,  to  be  due  to  a  fracture  traversing  the  malar  bone 
near  its  junction  with  the  frontal. 

'Treatment. — For  this  the  account  of  the  next  fracture  may  be  referred  to. 

Fracture  of  the  superior  'maxilla. — Under  this  head  both  fracture  proper  and 
diastasis  of  these  bones  have  been  described.  Thus  the  outer  wall  of  the  antrum 
may  be  fractured  by  the  driving  in  of  the  malar  bone,  the  nasal  process  may  be 
fractured  in  injuries  of  the  nose,  the  alveolar  border  may  be  partly  detached  in  opera- 
tions upon  the  teeth,  and  finally  one  or  both  bones  may  be  separated  through  their 
various  suture-lines.  Fractures  of  this  bone  occur  from  time  to  time  after  great 
violence,  and  are  thus  chiefly  met  with  in  hospital-practice  after  such  injuries  as  a 
kick  from  a  horse,  fall  of  timber,  blow  from  machinery  in  motion,  overturning  of  a 
carriage,  <fec.  Irregularity  of  the  cheek,  alteration  of  the  alveolar  line,  prominence 
of  the  soft  palate  will  be  amongst  the  deformities  which  follow  on  this  fracture.  In 
severe  cases  where  there  is  much  separation  or  comminution  of  the  bones,  the  bones 
will  yield  to  the  pressure  of  the  finger,  or  as  the  patient's  face  is  watched  in  profile 
when  he  swallows,  movement  of  the  loosened  bones  upon  those  which  are  still  fixed 
will  be  noticed,  the  skin  alone  appearing  to  retain  them  in  position.  Amongst  the 
complications  of  this  fracture  are  emphysema  from  fracture  of  the  nasal  process  or 
laying  open  of  the  antrum,  severe  haemorrhage,  injury  to  the  infra  orbital  nerve,  and 
serious  brain  symptoms  when  the  fracture  runs  back  to  the  base  of  the  skull.  When 
the  antrum  has  been  laid  open,  as  by  a  horse-kick,  troublesome  suppuration  and 
a  fistulous  opening  may  ensue,  the  latter  requiring  aplastic  operation,  or  a  foreign 
body  which  causes  the  fracture  may  lodge  in  this  bony  cavity. 

Treatment. — As  in  other  severe  fractures  of  the  bones  of  the  face,  it  will  be 
necessary  to  adopt  certain  general  precautions  ;  thus,  only  liquid  food  should  be  given, 
and,  if  needful,  the  patient  should  be  fed  by  a  tube,  and  he  should  be  supplied  with  a 
slate  and  not  allowed  to  talk.  Every  precaution  should  be  taken  early  to  reduce  the 
swelling  by  means  of  leeches,  ice,  evaporating  lotions,  etc.    Where  comminution  has 

1  Prof.  Hamilton  (lue.  supr.  rit.  p.  110)  does  not  appear  to  consider  serious  1  fie  failure  of 
an  attempt  to  raise  fragments  which  have  been  depressed  and  which  interfere  with  the  action 
of  the  temporal  muscle  ;  as  the  fragments  gradually  become  absorbed  and  rounded,  the 
impediment  to  the  action  of  the  muscle  will  tease. 

3  Malgaigne,  loc.  supr.  cit.  p.  357.  :i  Brit.  Med.  Journ.  1855,  p.  9(37. 
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taken  place,  no  splinters  are  to  be  removed  till  sufficient  time  has  elapsed  to  make  it 
certain  that  no  reunion  will  take  place.  Owing  to  the  same  liberality  of  the  blood 
supply  which  causes  the  risk  of  haemorrhage,  there  is  little  tendency  to  necrosis,  and 
the  fragments  become  steadied  at  an  early  date  unless  suppuration  be  profuse.  But 
it  must  not  be  forgotten  that  owing  to  this  early  union  of  the  bones  there  is  a  risk 
of  any  deformity  soon  becoming  permanent ;  and  this  is  the  more  baffling  as  a 
comparatively  slight  displacement  may  produce  hideous  results.1  On  this  account 
every  attempt  should  be  made  to  replace  fragments.  This  may  perhaps  be  done, 
with  the  aid  of  ether,  by  pressure  from  within  the  mouth.  This  failing,  a  small 
incision  may  be  made  down  to  the  depressed  bone,  and  this  may  be  raised  by  screwing 
a  small  elevator  with  a  cutting  thread  into  it.  If  this  recommendation  of  Prof. 
Hamilton,  or  that  of  elevating  the  bone  with  a  blunt  hook  introduced  by  a  small 
incision  at  the  anterior  edge  of  the  masseter,  be  followed,  care  must  of  course  be  taken 
to  avoid  such  structures  as  the  parotid  duct,  the  infra-orbital  nerve,  and  the  line  of 
the  facial  vein.  In  retaining  fragments  in  position  the  use  of  gutta  percha- moulds, 
cork  discs  between  the  teeth,  wiring  the  fragments,2  and,  a  little  later,  carefully 
adjusted  pressure  by  Hainsby's  truss,  is  to  be  recommended. 

Fracture  of  the  inferior  maxilla. — Fracture  of  this  bone  is  often  met  with,  and 
would  be  still  more  common  if  it  were  not  for  the  great  strength  of  the  horseshoe- 
like body,  and  for  the  '  floating '  character  of  the  bone. 

Position. — Any  part  of  the  bone  may  be  broken  ;  but  the  line  of  fracture  much 
most  frequently  passes  through  the  body,  near  the  mental  foramen,  and  oftenest  a 
little  in  front  of  it  opposite  to  the  canine  tooth.  A  few  cases  are  on  record  of 
fracture  through  the  symphysis,  and  this  in  adults.  In  spite  of  the  great  strength  of 
this  part  of  the  bone,  it  may  give  way  from  indirect  violence,  as  when  the  angles  of 
the  jaw  are  pressed  together  by  the  passage  of  a  wheel.  Fracture  through  the  angle 
of  the  jaw,  or  rather  just  above  this  point,  between  the  attachment  of  the  masseter 
and  the  base  of  the  coronoid  process,  is  more  common.  The  condyles  are  very  occa- 
sionally broken  off  either  after  falls  on  the  chin  or  severe  blows  on  the  side  of  the 
face,  the  line  of  separation  passing  through  the  neck,  just  below  the  insertion  of  the 
external  pterygoid.  The  coronoid  process  is  so  well  protected  that  fracture  here  is 
extremely  rare,  and  only  occurs  after  great  violence  and  in  combination  with  other 
fractures,  as  after  a  horse-kick,  a  fall  from  a  height  on  to  the  face,  or  a  gunshot 
wound.  Finally  fractures  of  the  jaw  are  sometimes  double  ;  the  two  being  sym- 
metrical, or  perhaps  more  frequently  one  of  the  body  near  the  mental  foramen  is 
combined  with  another  in  the  neighbourhood  of  the  angle.  The  direction  of  the  line 
of  a  fracture  near  the  mental  foramen  is  usually  perpendicular,  that  of  one  near  the 
angle  is  more  commonly  oblique. 

Causes. — These,  as  already  mentioned,  may  be  instances  of  direct  or  indirect 
violence. 

Symptoms. — As  in  fractures  elsewhere  these  are  general  and  special ;  amongst  the 
former  are  displacement,  mobility,  pain,  and  crepitus.  The  displacement  varies 
much  both  in  degree  and  in  direction,  depending  upon  the  amount  and  direction  of 
the  fracturing  foi'ce,  and  also  upon  the  site  of  the  fracture  itself.  In  many  cases 
the  amount  of  displacement  is  extremely  slight ;  at  others  it  is  considerable  and 
most  difficult  of  reduction,  especially  when  the  fracture  is  comminuted  or  multiple. 
Two  kinds  of  displacement  are  usually  present,  the  vertical  and  the  lateral.  Of 
these  the  vertical  is  chiefly  due  to  the  action  of  the  muscles,  the  depressors  of  the 
jaw  drawing  the  anterior  fragment  backwards  and  downwards,  while  the  posterior 
one  is  kept  up  by  the  elevators.  The  power  of  the  muscles,  e.g.  digastric,  mylo- 
hyoid, genio-hyoid,  which  act  upon  the  anterior  fragment  from  below,  is  great  in  pro- 
portion as  the  line  of  fracture  is  farther  back.  If  the  fracture  is  through  the  angle 
of  the  jaw,  or  at  any  point  within  the  attachment  of  the  masscters  and  internal 
pterygoid,  the  action  of  those  fibres  which  remain  connected  with  the  anterior 

1  Mr.  Holmes  (Principles  and  Pract.  of  Sure/cry)  mentions  a  case  where,  after  a  carriage- 
wheel  accident,  'a  peculiar  and  most  disagreeable  lengthening  of  the  face'  remained. 

2  Puzey,  Lancet,  1876,  vol.  ii.  p.  45. 
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fragment  will  explain  the  fact  that  it  is  not  now  so  easily  depressed  below  the  level 
of  the  posterior.  With  regard  to  the  lateral  displacement,  the  anterior  fragment  is 
usually  drawn  inwards  as  well  as  downwards.  This,  however,  is  not  constant,  depend- 
ing not  only  on  the  action  of  the  muscles,  but  also  upon  the  direction  of  the  fracturing 
force,  the  extent  to  which  the  outer  and  inner  surfaces  respectively  of  the  bone  are 
implicated,  and  the  consequent  overlapping  or  impaction  of  the  bevelled  edges. 
Where  there  is  a  double  fracture  of  the  body,  the  central  part — whether  anterior, 
as  when  the  fractures  are  on  each  side  of  the  middle  line ;  or  lateral,  as  when 
one  fracture  is  just  in  front  of  the  angle  and  another  near  the  mental  foramen — is 
drawn  downwards  towards  the  hyoid  bone.    Mobility  is  often  but  'little  marked 

when  the  fracture  is  single : 
it  is  best  detected  by  carefully 
manipulating  the  fragments 
with  one  hand  outside  the 
mouth  while  a  finger  of  the 
opposite  hand  is  kept  upon 
the  alveolar  border.  Pain  is 
here  constant  owing  to  the 
superficial  nature  of  the  bone 
and  the  bruising  of  the  soft 
parts,  e.g.  cheek,  lips,  gums, 
which  are  so  richly  supplied 
with  nerves.  At  first  sight 
it  would  appear  strange  that 
serious  complications  do  not 
follow  from  injury  to  the 
inferior  dental  nerve  which 
courses  through  so  large  a 
portion  of  this  bone.  Boyer 
explains  the  rarity  of  severe 
injury  to  this  nerve  on  the 
supposition  that  the  greater 
number  of  these  fractures 
occur  in  front  of  the  foramen 
of  exit  of  this  nerve.  Hamil- 
ton considers  that  a,  better 
explanation  may  be  found  in 
the  fact  that  there  is  seldom 
sufficient  displacement  of  the 
fragments  to  cause  complete 
tearing  of  the  nerve.  Partial 
rupture  may  often  be  present 
and  yet  escape  unnoticed,  as  it  is  not  likely  to  be  observed  while  the  parts  are  kept 
covered  up  with  a  bandage,  and  after  a  few  weeks  its  effects  will  probably  disappear 
altogether.  Though  the  rarity  of  severe  injury  to  this  nerve,  whatever  be  the  expla- 
nation, is  undoubted,  it  occurs  occasionally,  and  that  not  only  as  an  immediate  result 
of  the  accident,  but  at  a  later  period  owing  to  pressure  from  the  formation  of  callus. 
Other  special  symptoms  are  the  tearing  of  the  gums,  the  irregularity  in  the  line  of 
the  alveoli,  the  dribbling  of  saliva  soon  becoming  fetid,  and  loosening  or  fracture  of 
the  teeth.  Other  complications  of  this  accident  are  suppuration  in  the  bruised  soft 
tissues,  necrosis,  injury  to  the  base  of  the  skull  by  the  condyle  being  driven  through 
the  glenoid  cavity  into  the  middle  fossa,  dislocation,  and  salivary  fistula  arising 
either  from  a  compound  fracture  of  the  lower  jaw,  or  from  an  abscess  arising  in  the 
course  of  a  simple  fracture  and  bursting  externally. 

Fracture  of  coronoid  process. — Where  this  is  suspected,  deep-seated  pain,  possibly 
mobili  ty  of  the  process  detected  by  the  finger  in  the  mouth,  and  the  fact  that  the  crepitus 
is  readily  felt  and  heard  by  the  patient  himself,  will  be  found  the  most  reliable  signs. 


Fig.  102. — Fracture  of  the  Lower  Jaw,  illustrating  the 
difficulties  which  will  he  met  with  in  reducing  the  frag- 
ments and  maintaining  Ihem  in  position  when  their  sur- 
faces are  bevelled  irregularly.  From  M.  Malgaigne's 
atlas.  '  The  middle  fragment,  which  was  dragged 
strongly  downwards  and  backwards,  was  easily  brought 
forward  almost  on  a  level  with  the  other  two  ;  but  when 
it  came  close  to  that  on  the  right,  it  seemed  to  hitch 
against  its  posterior  surface,  and  no  efforts  could  dis- 
eugage  it.  At  the  post-mortem  examination  the  right 
fragment  was  bevelled  at  the  expense  of  its  outer  sur- 
face at  its  upper  part ;  the  middle  one,  in  the  correspond- 
ing spot,  at  the  expense  of  its  inner  surface.  This 
bevelled  edge  opposed  an  obstacle  almost  insurmountable 
to  its  disengagement ;  there  was  an  overlapping  of  the 
edges  of  which,  during  life,,  one  could  form  no  idea. 
Even  alter  death  it  was  found  that,  to  effect  reduction,  it 
was  necessary  to  cany  the  middle  fragment  downwards 
and  forwards,  so  as  to  carry  it  first  below  and  then  in 
front  of  the  right.' 
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Fracture  of  the  condyle. — If  separation  take  place  between  the  fragments,  the 
upper  will  be  drawn  upwards,  forwards,  and  inwards,  while  the  lower  is  also  drawn 
upwards.  Thus  a  distortion  of  the  lower  part  of  the  face  will  be  produced,  which,  as 
Hamilton  points  out,  may  be  distinguished  from  that  met  with  in  dislocation  by 
remembering  that  in  the  latter  the  chin  is  thrust  over  to  the  opposite  side,  while 
in  fracture  it  is  drawn  to  the  same  side. 

Treatment. — This  will  vary  very  much  according  to  the  degree  of  displacement, 
the  amount  of  comminution,  &c.  The  numerous  forms  of  apparatus  which  have 
been  recommended  point  to  the  difficulties  which  are  often  experienced.  They  all 
fall  under  these  heads,  viz. — i.  A  jaw-bandage,  with  or  without  a  splint  of  gutta- 
percha or  paste-board,  ii.  The  above,  together  with  ligature  of  the  teeth  or  wiring  of 
the  fragments,  iii.  Some  interdental  splint,  with  an  external  apparatus,  iv.  Some 
interdental  splint  alone,  e.g.  Hammond's. 

i.  In  an  ordinary  case,  without  comminution  or  troublesome  displacement,  all  that 
will  be  required  is  to  remove  any  teeth  which  are  much  loosened  at  the  point  of  frac- 
ture,1 and  then  to  apply  the  usual  four-tailed  bandage,2  with  or  without  a  gutta- 
percha or  paste -board  splint  moulded  on  the  chin  and  cheeks.  Of  these  the  former 
is  preferable  as  being  cleaner;  it  should  be  used  sufficiently  thick  so  as  to  project 
on  either  side  and  so  to  prevent  any  lateral  pressure  from  the  bandage.  Not  only 
should  minute  holes  be  made  in  it  to  allow  of  free  evaporation  of  perspiration,  but 
where  the  integument  is  injured,  or  where  there  is  much  contusion  and  threaten- 
ing suppuration,  larger  openings  must  be  cut  out  in  the  gutta-percha.  It  is  a  useful 
precaution,  after  taking  the  thoroughly  softened  gutta-percha  out  of  hot  water,  to 
dip  it  into  cold  for  a  moment,  and  the  face  of  the  patient  and  the  hands  of  the 
surgeon  should  also  be  wetted  to  prevent  any  sticking  of  the  gutta-percha  as  it  is 
moulded  on.  As  with  the  case  of  more  complicated  apparatus,  where  the  soft  parts 
are  much  bruised  it  will  be  wise  to  give  ether ;  otherwise  so  much  suffering  (and  the 
sensitiveness  of  the  parts  has  already  been  alluded  to)  is  caused  to  the  patient  that 
the  moulding  is  hastily  done,  and  a  good  fit  is  not  secured.  If  the  patient  be  young 
and  if  no  teeth  have  been  detached,  a  thin  wedge  of  wood,  about  half  an  inch  thick, 
should  be  inserted  far  back  between  the  molars  so  as  to  allow  of  a  slight  gap 
remaining  in  front  for  the  sucking  in  of  fluid  food.3 

While  the  above  will  be  sufficient  in  the  majority  of  cases,  some  will  be  met 
with  where  from  more  than  one  fracture  existing,  from  the  obliquity  of  the 
fracture  or  comminution  of  the  fragments,  or  from  irregular  bevelling  of  the  sur- 
faces of  the  two  fragments  (fig.  102),  from  impaction,  from  powerful  muscular  action,  or 
from  extreme  violence  in  the  original  injury,  great  difficulty  will  be  met  with  in 

1  In  cases  where  teeth  situated  on  either  side  of  the  line  of  fracture  are  separated  or 
much  loosened,  any  attempt  to  replace  or  to  refix  them  will  probably  only  end  in  their 
requiring  to  be  removed  later  on,  while  the  union  of  the  fragments  is  interfered  with. 
Furthermore,  the  removal  of  a  tooth  will  often  much  facilitate  the  feeding  of  the  patient. 
Where  the  loosening  of  the  teeth  is  only  slight,  they  are  not,  unless  carious,  to  be  removed. 
It  is  well  known  that  occasionally  a  tooth  or  a  fang  may  drop  between  the  fragments  and 
prevent  their  being  properly  brought  into  position.  This  is  especially  to  be  remembered 
when  any  tooth  is  missing,  and  great  difficulty  is  met  with  in  setting  the  fracture. 

2  The  tails  of  this,  being  usually  fastened  behind  the  nape  of  the  neck  and  over  the 
vertex,  have  the  effect  of  drawing  the  anterior  fragment  backwards.  On  this  account  Prof. 
Hamilton  (loc.  supr.  cit.  p.  135)  recommends  a  special  form  of  bandage,  which  has  the  advan- 
tage of  lifting  the  anterior  fragment  vertically,  while  at  the  same  time  there  is  no  danger  of 
its  slipping  over  the  forehead.  It  consists  of  three  straps  ;  one  of  leather  passes  vertically 
upwards  from  beneath  the  chin,  and  buckles  just  over  a  position  corresponding  to  that  of 
the  anterior  fontanelle.  As  it  passes  up  it  passes  through  a  loop  in  the  second,  which  passes 
around  the  head  just  above  the  ears  ;  a  third  still  further  helps  to  keep  the  vertical  chin-strap 
in  place  by  uniting  its  upper  extremity  to  the  occipital  portion  of  the  horizontal  strap. 
Small  pads  should  be  placed  beneath  each  buckle,  and  a  cup-shaped  piece  of  linen  may  be 
attached  to  the  vertical  strap  around  the  chin  for  comfort  and  steadiness. 

3  It  is  well  known  that  a  space  exists  behind  the  molars  by  which  a  flexible  tube  may 
be  passed  between  the  cheek  and  the  teeth  into  the  pharynx ;  but  the  above  precaution  not 
only  allows  of  much  more  easy  feediutr,  but  also  enables  the  surgeon  to  frequently  make  use 
of  careful  syringing — a  step  which  is  very  grateful  to  the  patient.  Some  more  directions  of  a 
general  character,  in  addition  to  these  about  feeding  the  patient,  will  be  found  below  (p.  726). 

3  a  2 


724 


INJURIES  OF  THE  FACE. 


replacing  the  fragments  and  in  retaining  them  in  position.  In  meeting  the  first  diffi- 
culty the  administration  of  ether  will  be  of  the  greatest  service;  with  regard  to  the 
second,  it  remains  to  consider  the  more  complicated  methods,  viz  : — 

ii.  Ligaturing  the  teeth,  or  wiring  the  fragments.  The  former  is  of  very  little 
value,  it  is  often  impossible  owing  to  decay  or  absence  of  the  teeth.  When  used  in 
the  ordinary  way,  i.e.  around  the  two  teeth  immediately  contiguous  to  the  fracture, 
it  is  positively  harmful,  as  it  further  loosens  teeth  which  are  already  shaken  in  their 
sockets.  Tt  should  now  be  entirely  replaced  by  the  method  to  be  described  below 
as  that  of  Mr.  Hammond.  Wiring  the  fragments  themselves  presents,  when  suc- 
cessful, the  advantage  that  the  patient  may  be  permitted  to  take  liquids  more 
freely  as  the  parts  are  thus  earlier  steadied.  But  it  is  not  easy  of  performance,  and 
care  must  be  taken  of  the  teeth  when  the  fragments  are  drilled.1  The  administra- 
tion of  ether  will  be  required.  The  drill-point  should  be  small,  and  the  ends  of  the 
wire  (which  should  be  stout)  should  not  be  cut  too  short,  as  it  will  probably  require 
re-tightening  in  a  few  days  when  the  effusion  around  and  between  the  fragments  is 
subsiding.  But  the  constant  loosening  of  the  wire,  from  the  absorption  which  it 
causes  of  the  bone  around  it,  usually  causes  this  method  of  treatment  to  be  futile.2 

iii.  and  iv.  In  still  severer  cases  to  prevent  non-union  or  deformity  a  more 
elaborate  process  will  be  required,  and  the  surgeon  will  do  well  to  avail  himself  of 

the  mechanical  skill  of  the 
Fis.  103.— This  figure  is  taken,  with  the  permission  of  my   dentist    Amongst  the  especial 
odl^lb.  lWfhmihua^Ui£he'Gii7'BHo»-  methoc]g       d  jn  fracture  of 
pital  Kepnrts,  187<3. 

the  lower  jaw,  the  one  most 
easily  applied  by  the  surgeon, 
and  that  which  on  the  whole 
is  most  generally  useful,  is 
Mr.  Hammond's 3  wire-splint 
(figs.  1 03  and  1 04).  While  the 
patient  is  under  an  anaesthetic, 
the  teeth  on  either  side  of 
the  fracture  being  tied  to- 
gether temporarily,  and  the 
fragments  firmly  supported,  a 
frame  of  strong  iron  wire4 
(fig.  103)  is,  by  means  of  small 
curved  pliers,  adjusted  to  the 
fractured  jaw  by  being  bent  so 
as  to  encircle  all  or  any  desired  number  of  the  teeth  5  on  a  level  with  their  necks.  A 
plan  very  much  to  be  preferred  is  to  take  first  a  soft  wax  impression  of  the  teeth,  then 
to  cast  this  in  plaster  of  Paris  6  and  to  adjust  the  frame  on  the  cast.    The  frame,  the 

1  Other  special  and  ingenious  methods  of  using  the  wire  will  be  found  described  by  Mr. 
Thomas  (Lmwet,  xol.i.  1877).  Good  drawings  of  these  are  given  by  Mr.  Erichsen  (lot: 
supr.  cit.  vol,  i.  p.  399).  The  subject  will  be  alluded  to  again  when  mention  is  made  of  non- 
union and  inal-uuion  (p.  726). 

2  This  method  has,  since  1873,  been  entirely  replaced  at  Guy's  Hospital  by  the  use  of  Mr. 
Hammond's  splint. 

3  Month.  Rev.  of  Dent.  Surg.  1873.  The  application  of  Mr.  Hammond  s  splint  is,  no 
doubt,  tedious  and  troublesome  to  the  surgeon  and  very  trying  to  the  patient ;  but  its  value 
is  well  shown  in  such  a  case  as  the  following  (Mr.  Coleman,  Man.  of  Dent.  Surg,  and  Path.), 
where  a  patient,  '  within  half  an  hour  of  its  application,  had  eaten  a  mutton  chop  and 
smoked  a  pipe  with  much  satisfaction.' 

4  Mr.  F.  N.  Pedley  informs  me  that  iron  wire  is  liable  to  leave  an  unsightly  stain  upon 
the  teeth,  which  lasts  some  time.  On  this  account,  save  for  the  expense,  which  is  slight,  gold 
(18  carat)  wire  is  to  be  preferred,  both  for  the  frame  itself  and  the  binding  wires. 

5  Thus  a  modification  of  Mr.  Hammond's  splint  will  be  found  more  generally  useful :  e.g. 
if  a  fracture  exist  between  the  canine  and  the  first  bicuspid,  or  through  the  socket  of  the 
canine  on  the  left  side,  a  piece  of  stout  wire  should  be  passed  around  the  canine  on  the 
right  side  and  the  first  molar  on  the  left,  the  ends  then  twisted,  and  binding-wires  applied  in 
the  usual  way.  Such  a  modified  Hammond's  splint  should  always  include  two  or  more 
teeth  on  either  side,  of  the  fracture. 

8  The  impression  may  also  be  taken  in  dentists' '  stent,' which  can  be  kept  ready  iu  a 
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ends  being  joined  by  silver  solder,  is  then  slipped  over  the  teeth,  steadied  by  an 
assistant,  while  it  is  tied  in  place  by  short  pieces  of  much  thinner  wire  passed  round 
each  tooth  and  interlacing  with  the  frame  (fig.  104).  These  pieces  of  wire  should  be 
pointed  obliquely,1  so  as  to  pass  easily  between  the  teeth,  especially  where  the 

intervals  between  the  necks     ^  T1  ,,  „    „  .  . 

Fig.  104. — Hammonds  Wire-splint  for  fracture  of  the 
are  very  narrow  as  m  trout.  Lower  Jaw. 

If  by  accident  they  are 
here  and  there  passed  through 
the  gum  itself  it  will  not 
interfere  with  the  action  of 
the  splint.  The  ends  of 
each  of  these  binding- wires 
are  then  twisted  up  in  front, 
at  first  nearly  tight,  four  or 
five  wires  on  each  side  of  the 
mouth  being  inserted  and 
partly  tightened.  The  wires 
on  each  side  of  the  mouth  are 
taken  alternately,  and  finally 
tightened  so  as  to  exert  equal 
pressure,  care  being  taken  not 
to  overt  wist  and  break  them. 
The  twisted  ends  are  then  cut 
short  within  about  a  quarter 
of  an  inch  of  the  necks  of  the 
teeth  and  turned  downwards  so  as  to  be  beneath  the  frame  itself,  and  in  close 
contact  with  it  (fig.  104). 3 

A  few  cases  remain  in  which  this  excellent  splint  cannot  be  applied,  viz.  in  jaws 
prematurely  edentulous,  in  fractures  far  back  where  the  wisdom  tooth  is  not  fully 
above  the  gum,  or  where  it  has  disappeared.  In  such  cases  Mr.  Gunning's  vulcanite 
interdental  splint  3  may  be  made  use  of,  or  a  cap  of  dental  alloy  may  be  fitted  (by 
means  of  a  cast  as  described  above)  to  the  lower  jaw,  with  additional  metal  soldered  on 
to  the  masticatory  surface  so  as  to  give  sufficient  steadiness  and  bearing  upon  the 
fracture  below.4  This  surface,  when  made  smooth,  plays  against  a  vulcanite  cap 
fitted  on  to  the  upper  teeth  which  correspond  to  the  cap  beneath.  In  applying  this, 
ether  being  given  if  necessary,  the  fracture  mould  be  set  and  the  metal  cap  (pre 
viously  made  on  a  cast)  firmly  fitted  on  to  the  teeth  below  ;  the  vulcanite  cap  is  then 
introduced  and  its  under  surface  filed  smooth  so  as  to  bear  firmly  upon  the  upper 

very  handy  form,  is  easily  softened,  and  acts  very  readily.  The  best  plan  is  to  take  an  im- 
pression first  without  bringing  the  fragments  into  position,  if  there  be  much  trouble  in  doing 
this.  A  plaster  of  Paris  model  is  then  made  from  the  impression,  and  any  vertical  dis- 
placement remedied  by  joining  the  two  parts  at  their  proper  level.  If  any  lateral  displace- 
ment exist  as  well,  the  divided  parts  of"  the  model  should  be  pared  before  they  are  joined 
again,  and  the  teeth  on  them  made  to  articulate  with  those  of  the  upper  jaw. 

1  These  binding-pieces  should  be  of  wire  as  large  as  can  be  gut  between  the  necks  of  the 
teeth  ;  if  too  fine  wire  is  used  for  these  binding-pieces  the  least  overtightening  is  liable  to 
cause  vexatious  breakage.  The  surgeon,  before  attempting  to  pass  these,  should  first  find  out 
where  they  will  go  by  examining  between  the  teeth  with  a  pointed  probe.  As  Mr.  Pedley 
has  pointed  out  to  me,  the  introduction  of  the  binding-pieces  will  be  much  facilitated  by  first 
removing  any  tartar  present  on  the  necks  of  the  teeth.  The  binding-wires  should  be  espe- 
cially strong  where  many  gaps  are  present  in  those  teeth  around  which  the  frame  has  been 


I  am  indebted  to  Mr.  Pedley  for  the  preparation  from  which  fig.  104  has  been  taken. 
Fig.  103  is  copied,  with  Mr.  Moon's  permission,  from  his  paper  '  On  Mechanical  Appli- 
ances for  the  Treatment  of  Fracture  of  the  Jaws,'  Guy's  Hosp.  Repts.  1873,  1874. 

1  Neiv  York  Med.  Journ.  and  Brit.  Journ.  of  Dent.  Sci.  1866.  By  his  splint  Mr. 
Gunning  was  successful  in  his  treatment  of  the  well-known  case  of  Mr.  Seward,  the  American 
statesman.  It  and  many  other  forms  of  apparatus  are  fully  described  in  a  paper  bv  Mr. 
Berkeley  Hill  in  the  Brit.  Med.  Journ.  1867,  pp.  191-225,  261.  See  also  Mr.  Heath's  book, 
loe.  supr.  cit.  p.  40,  and  Prof.  Hamilton,  loc.  supr.  cit.  ch.  xii. 
4  As  recommended  by  Mr.  Moon  in  his  article,  loc.  supr.  cit. 
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face  of  the  metal  cap  below.  The  vulcanite  cap  should  be  left  sufficiently  thick  above 
to  keep  the  jaws  sufficiently  apart  to  allow  of  the  introduction  of  food.  For  the 
purpose  of  cleanliness  the  vulcanite  cap  should  be  perforated  here  and  there  to  allow 
of  the  percolation  of  lotions  which  have  been  syringed  in.  Mr.  Moon's  interdental 
splint  will  be  found,  in  cases  of  fracture  far  back,  one  of  the  most  thoroughly  satis- 
factory, on  account  of  the  pressure  which  it  exerts  over  the  posterior  teeth,  the 
freedom  it  allows  for  feeding,  and  the  readiness  with  which  it  is  adapted  to  jaws  of 
different  size.  But  an  objection  to  this,  and  to  all  splints  with  external  apparatus, 
is  that  often  the  soft  parts  are  so  bruised  that  they  will  not  stand  the  necessary 
screwing  up  of  the  chin-plate.  Thus  about  the  third  day  all  external  apparatus  has 
frequently  to  be  discontinued  owing  to  the  swelling  and  threatening  suppuration. 
If  the  surgeon  should  have  to  deal  with  a  fracture  in  a  jaw  prematurely  edentatous,  he 
can  only  adopt,  with  the  aid  of  a  dentist,  some  modifications  of  Gunning's  splint,  the 
vulcanite  being  moulded  to  the  alveolar  ridge,  or  suction  plates  must  be  made  use  of. 

Whatever  form  of  splint  be  used,  it  is  usually  to  be  worn  for  three  or  four  weeks. 
During  this  time  the  patient  should  be  kept  to  liquid  or  very  soft  food ;  when 
recumbent  he  should  lie  on  his  back,  and  talking  should  be  avoided  as  much  as  possible. 
In  severe  cases  some  form  of  sling  or  bandage  will  require  to  be  worn,  with  perhaps 
the  addition  of  a  Hammond's  splint,  for  some  time  after  any  form  of  external  splint 
is  left  off.  The  mouth  should  be  syringed  frequently  with  Oondy's  fluid  or  weak 
lotions  of  myrrh  and  spirit.  The  bruising  of  the  soft  parts,  which  has  been  alluded 
to  above,  often  tends  to  most  troublesome  abscess  formation,  burrowing  of  pus,  and 
erysipelas.  Incisions  should  be  made  early,  and  care  taken  that  the  free  escape  of 
pus  is  not  prevented  by  any  external  apparatus. 

Before  splints  are  left  off  altogether,  it  is  well  that  they  should  be  worn  at  night 
only.  Whenever  they  have  to  be  removed  for  cleanliness  the  mouth  should  be  kept 
firmly  closed  and  supported. 

Irregular  union  and  non-union. — Fractures  of  the  lower  jaw,  as  a  rule,  unite 
quickly  and  well.1  The  especial  blood  supply  of  this  bone,  together  with  the  vascu- 
larity of  the  surrounding  parts,  come  in  most  opportunely  to  play  an  important  part 
in  the  union  of  this  fracture,  which  is,  of  necessity,  from  swallowing,  &c,  liable  to 
more  disturbances  during  the  period  of  treatment  than  any  other  fracture  save 
perhaps  that  of  the  clavicle.  Irregular  union  may  occasionally  follow  severe  multiple 
fracture  of  this  bone,  especially  where,  at  the  same  time,  the  soft  parts  have  been  too 
much  injured  to  allow  of  splints  being  applied.  Mr.  Bickersteth  2  has  recorded  two 
such  cases. 

The  same  causes  may  give  rise  to  non-union,  this  condition  being  especially  liable 
to  occur  in  cases  where  there  has  been  much  necrosis,3  as  after  machinery  or  gun- 
shot injuries.  When  bony  union  has  failed  the  fragments  are  united  either  by  fibrous 
tissue  of  varying  length  and  admitting  of  various  degrees  of  mobility,  or  by  a  fibrous 
capsule,  a  layer  of  fibrous  tissue  or  fibro-cartilage  existing  over  the  ends  of  the  frag- 
ments themselves.  In  this  case  both  the  fibrous  capsule  and  the  fibro  cartilaginous 
tissue  represent  arrested  stages  of  callus  formation.1  As  Mr.  Heath  5  has  pointed  out, 
the  amount  of  inconvenience  which  a  patient  experiences  from  an  ununited  fracture 
of  the  jaw  will  depend  upon  its  position.  Thus,  if  in  the  ramus,  the  ununited  fracture 
will  give  little  inconvenience,  the  new  joint  performing  the  function  of  the  temporo- 
maxillary  articulation.  But  if  the  body  of  the  jaw  be  the  site  of  the  ununited  frac- 
ture, there  will  be  great  annoyance  from  the  difficulty  in  chewing  and  in  swallowing, 
while  occasionally  there  has  been  some  dribbling  of  saliva,  altered  articulation,  and 
inability  to  sleep  on  either  side  owing  to  this  causing  displacement  of  the  fragments. 

1  Of  150  cases  of  ununited  fracture,  only  two  occurred  in  the  lower  jaw  (Norris  on  '  Non- 
union after  Fractures,'  Am,  Joum.  Med.  Set.  N.S.  vol.  iii.  p.  67). 
a  Med.-Chir.  Trans,  vol.  xlvii.  p.  113. 

:!  Occasionally  the  extrusion  or  removal  of  a  small  and  superficial  sequestrum  is  all  that 
is  required  to  bring  about  union.  The  possibility  of  a  tooth  having  fallen  between  the  frag- 
ments has  already  been  alluded  to  (p.  723). 

4  Rokitansky',  'Path.  Anat.'  (8yd.  Soc.  Trans.),  vol.  iii.  p.  216. 

5  Loc.  supr.  cit.  p.  30. 


DISLOCATION  OF  THE  JAW. 


727 


Treatment. — Where  the  delay  is  due  to  necrosis,  removal  of  the  sequestra  com- 
bined with  adequate  support  will  bring  about  the  desired  result.  In  cases  of  longer 
standing,  and  where  there  is  no  necrosis,  it  will  be  best  to  freshen  the  fragments,  due 
care  being  taken  of  the  periosteum,  and  then  to  unite  them  by  a  modification  of 
Hammond's  splint,  if  the  teeth  present  are  adapted  to  this,  or  by  drilling  the  frag- 
ments and  pegging  them.1  Dupuytren  2  successfully  treated  an  ununited  fracture  of 
the  jaw,  three  years  after  a  gunshot  injury,  by  wiring  the  teeth  after  one  fragment 
had  been  rasped  and  the  other  resected.  Dr.  Physick  3  was  also  ultimately  success- 
ful by  the  introduction  of  a  seton  two  years  after  the  injury. 

Dislocation  of  the  jam. — The  temporo- maxillary  articulation  is  not  one  commonly 
subject  to  dislocation.  Thus  displacement  of  the  lower  jaw  can  only  take  place  in 
one  direction — forwards,  and  only  then  if  the  mouth  happen  to  be  widely  open.  Tt  is 
often  taught  that,  as  the  anterior  edge  of  the  glenoid  cavity  is  covered  with  cartilage, 
the  condyle  plays  on  it  during  the  ordinary  movements  of  mastication.  This,  how- 
ever, is  not  so  ;  the  cartilage  at  this  spot  is  for  the  fibro-cartilage  (which  always 
precedes  the  condyle)  to  play  upon,  and  not  for  the  condyle  itself. 

Two  varieties  of  the  forward  displacement  have  been  met  with — the  bilateral  and 
the  unilateral,  the  former  being  the  more  common.  Thus  Malgaigne  4  found  both 
condyles  dislocated  in  fifty-four  out  of  seventy-six  cases,  and  Hamilton  5  gives  two 
out  of  three  as  the  proportion  of  bilateral  to  unilateral  dislocations. 

A.  Bilateral  dislocation. — This,  like  the  other  variety,  occurs  usually  in  adult 
life,0  and  may  be  due  to  spasmodic  muscular  action  coupled  probably  with  some 
weakness  or  laxity  of  the  ligaments,7  e.g.  in  laughing  heartily,  yawning,8  in  puerperal 
convulsions,  vomiting,  or  by  some  direct  violence,9  as  blows  or  kicks,  extraction  of 
teeth  or  fangs,  and  taking  a  cast  of  the  mouth.10 

Mechanism  of  the  dislocation :  condition  of  the  parts  in  dislocation  of  the  jaw, 
and  the  difficulties  occasionally  met  with  in  the  reduction. — The  dislocation  is  usually 
brought  about  by  an  exaggeration  of  the  usually  limited  movements  of  the  lower 
jaw.11  Thus  a  combined  spasmodic  action  of  the  external  pterygoids  and  of  the 
anterior  fibres  of  the  masseter  draw  the  condyles  forwards,  causing  them  to  ride  over 
the  eminentias  articulares  into  the  zygomatic  fossae.  As  soon  as  the  condyles  pass 
beyond  the  eminentise  articulares  the  jaw,  instead  of  going  back  into  the  glenoid 
cavities,  is  pressed  firmly  up  against  the  front  of  the  eminences  by  the  action  of  the 
temporal  muscles.  The  ligaments  are  much  stretched,  but  rupture  of  them  seems 
rare.  The  direction  of  the  external  lateral  ligament  is  reversed  ;  thus  it  is  found  to 
pass  from  behind  forwards  instead  of  from  before  backwards.  While  it  appears 
clear  that  the  condyles  rest  in  front  of  the  eminentise  articulares,  there  has  been 

1  In  one  of  two  successful  cases  Mr.  Rickersteth  (loc.  swpr.  cit.),  after  drilling,  used  round 
copper  nails  three-quarters  of  an  inch  long  ;  in  the  other  he  left  the  drill  (about  the  size  of  a 
No.  3  bougie)  in  situ,  both  fragments  being  perforated  by  it. 

2  Leq.  oral.  vol.  ii.  p.  496.    Obs.  x. 

3  Philadelphia  Journ.  of  Med.  and  Phys.  Science,  vol.  v.  p.  116. 

4  Loc.  supr.  cit.  t.  ii.  p.  288.  5  Loc.  supr.  cit.  p.  533. 

6  According  to  Prof.  Hamilton  {loc.  supr.  cit.  p.  533),  the  double  dislocation  is  most 
common  in  women,  and  usually  occurs  between  the  twentieth  and  thirtieth  years,  while  the 
unilateral  variety  is  more  often  met  with  in  middle  life. 

7  Certainly  in  some  cases  a  predisposition  exists  from  laxity  of  the  ligaments,  as  in  Mr. 
Salter's  case  alluded  to  below.  Mr.  Mason  (Lancet,  1878,  vol.  i.  p.  266)  refers  to  two  cases 
occurring  in  children,  recorded  by  Mr.  Morris  and  Dr.  Ballard,  in  which  continued  muscular 
action,  in  the  habits  of  sucking  the  tongue  and  thumb,  seemed  to  predispose  to  dislocation 
by  weakening  the  temporo-maxillary  articulation. 

8  Thus  in  Mr.  Couper's  case,  to  be  alluded  to  below,  a  woman,  ast.  48,  went  to  bed  much 
wearied,  and,  while  gaping  widely,  '  felt  her  jaw  grow  stiff.' 

9  Sir  A.  Cooper,  Disl.  p.  389,  mentions  a  case,  since  often  quoted,  of  a  child  where  dislo- 
cation was  caused  by  thrusting  an  apple  into  the  mouth. 

10  Hamilton,  loc.  supr.  cit.  p.  534.  Mr.  Salter  (Brit.  Journ.  of  Dent.  Sci.  July  1871) 
records  a  similar  case  in  a  middle-aped  woman. 

11  The  same  displacement  may  occur  after  a  blow  on  the  chin,  and  the  more  readily  if 
the  mouth  be  open. 
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much  dispute  about  the  exact  position  of  the  coronoid  processes.  Of  the  two  chief 
views  which  have  been  held  as  to  the  cause  of  the  difficulties  which  are  sometimes 
undoubtedly  met  with  in  the  reduction  of  this  dislocation,  one  depends  on  this  very 
point.  Thus  M.  Melaton  1  considers  that  permanent  displacement  after  this  disloca- 
tion may  be  explained  by  the  abutting  of  the  coronoid  processes  against  the  lower 
angles  of  the  malar  bones.2  M.  Nelaton  based  his  belief  on  the  following  grounds  : 
(i.)  investigations  on  the  dead  body  show  («)  that  the  eminentise  articulares  do  not 
by  themselves  offer  any  sufficient  obstacle  to  the  return  of  the  displaced  jaw;  (b) 
that  if  the  anterior  part  of  the  capsule  be  divided,  the  external  lateral  ligament 
remaining  intact,  very  slight  advance  of  the  condyle  taking  place,  the  coronoid 
process  is  found  abutting  against  the  lower  angles  of  the  malar  bones,  (ii.)  In  the 
Musee  Dupuytren  there  is  a  preparation  in  which  the  apex  of  the  coronoid  process 
certainly  abuts  against  the  malar  bone.3  (in.)  The  coronoid  process  itself  presents 
considerable  vaiieties  not  only  in  length,  but  also  in  direction,  being  sometimes 
vertical,  at  others  directed  backwards  or  forwards,  (iv.)  The  very  great  rarity  of 
this  dislocation  in  young  children  and  in  old  people  is  explained  by  the  fact  that  in 
the  former  the  coronoid  process  is  very  short,  while  in  the  latter  its  summit  is 
directed  backwards. 

On  the  other  hand  M.  Maisonneuve,4  Otto  Weber,5  and  Mr.  C.  Heath 0  in 
this  country  have  opposed  the  above  view,  denying  that  any  such  catching  of  the 
coronoid  process  against  the  malar  bone  is  common.  The  objections  to  M.  Nelaton's 
view  appear  to  be  (1)  that  in  most  jaws  the  coronoid  process  is  not  long  enough  to 
reach  the  malar  bone.  (2)  That  very  considerable  force  and  much  tearing  of  the 
joint  structures  are  required  before  the  condyles  can  be  dislocated  so  far  forwards 
that  the  coronoid  processes  can  hitch  against  the  malar  bones,  both  these  conditions 
being,  in  ordinary  cases,  absent.  (3)  That  when  the  condyles  have  been  driven 
sufficiently  far  forwards  to  enable  the  coronoid  processes  to  abut  against  the  malar 
bones,  the  position  of  the  chin  and  jaws  is  different  from  that  characteristic  of  the 
ordinary  dislocation.  (4)  If  hitching  of  the  coronoid  processes  against  the  malar 
bone  were  of  common  occurrence,  reduction  by  elevating  the  chin,  as  is  often 
practised,  would  be  impossible.  (5)  The  gradual  improvement  which  comes  on  in 
old  cases  of  unreduced  dislocation  could  not  take  place  if  the  coronoid  processes 
occupied  this  position.7 

According  to  the  above  writers  the  fixity  of  the  jaw  is  believed  to  be  due  to 
tension  and  fixation  of  the  muscles  and  ligaments  in  their  altered  position.  While 
on  the  one  hand  it  must  be  allowed  (for  there  is  no  disputing  the  preparation  in  the 
Musee  Dupuytren)  that  occasionally  the  coronoid  process  may  be  long  enough  to 
hitch  against  the  malar  bone,  I  would  point  out  that  the  cases  where  reduction  has 
proved  difficult  or  impossible  are  never  recent  cases.  In  these  days,  when  anaesthe- 
tics are  used  at  once  in  any  case  of  difficulty,  there  must  be  some  condition  present 
besides  that  of  muscular  tension  That  this  obstacle  to  reduction  cannot,  save  in 
rare  instances,  be  the  coronoid  process,  is  made  clear,  I  think,  by  some  of  the 
arguments  brought  forward  by  Maisonneuve,  Weber,  and  Mr.  0.  Heath.  It  is 
more  probable  that  the  displaced  coronoid  process  and  the  neighbouring  parts 
of  the  ramus  become  cpjickly  embedded  in  inflammatory  products,8  which,  in  this 

1  Path.  Chv:  2e  ed.  torn.  hi.  p.  46  ;  and  Revue  Medico-Chir.  torn.  vi.  p.  28G. 

2  Path.  Chir.  he.  supr.  cit.  fi»-s.  15  and  16. 

3  This  preparation  is  figured  in  M.  Mahraigne's  Alius,  whence  it  has  been  copied  into  Mr. 
Holmes's  Frinc.  and  Prac.  of  Surgery.  M.  Nelaton,  as  above  mentioned,  figures  in  two  draw- 
ings what  he  believes  to  be  the  position  of  the  coronoid  process  (figs.  15  and  16  loc.  supr.  cit.). 

4  L' Union  mcd.  1868.  6  JIandb.  der  Alhjem.  und  Spec.  Chir.  pt.  iii. 

6  Inj.  and  l)is.  of  the  Jaws,  p.  83. 

7  O.  Weber  (loc.  supr.  cit.)  has  recorded  a  case  in  whieb.  Koser  failed  to  reduce  a  disloca- 
tion of  eight  weeks'  standing,  even  after  the  coronoid  process  had  been  divided  within  the 
mouth  by  bone  forceps. 

8  The  coronoid  process  is  usually  embedded  in  the  fibres  of  the  temporal  and  masseter 
muscles,  and  rupture  of  some  of  these  probably  often  takes  place.  In  the  drawing  in  M. 
Malgaigne's  Atlas,  alluded  to  above,  it  will  be  noticed  that  the  fibres  of  the  temporal  muscle 
are  twisted  over  the  apex  of  the  coronoid  process. 


DISLOCATION  OF  THE  JAW. 


729 


region  especially,  are  so  rapidly  effused,  and  which  here  so  soon  rapidly  undergo  at 
least  partial  organisation,  leading,  perhaps,  not  only  to  fixity  of  the  displaced  con- 
dyle and  coronoid  processes,  but  also  to  filling  up  of  the  glenoid  cavity.  This  con- 
solidation of  effused  inflammatory  products  will  be  hastened  by  the  patient,  owing 
to  the  pain,  at  first  keeping  his  jaw  as  quiet  and  fixed  as  possible. 

Symptoms. — The  mouth  is  open,  and  the  lower  jaw  almost  immovable,  admitting 
of  slight  further  depression,  but  of  scarcely  any  upward  movement  whatever.  The 
lower  half  of  the  face  is  elongated  from  above  downwards,  and  the  distance  between 
the  chin  and  the  ear  is  seen,  on  looking  at  the  profile,  to  be  also  increased  by  the 
chin  being  lowered  and  carried  forwards.  A  considerable  hollow  exists  between  the 
posterior  border  of  the  ascending  ramus  of  the  jaw  and  the  ear.  The  masseters  are 
strongly  prominent,  and  a  slight  elevation  may  at  times  be  noticed  above  the 
zygoma,  this  being  due  to  the  posterior  fibres  of  the  temporal  muscles  being  pushed 
forwards  and  stretched  over  the  displaced  condyle  below.  Pain,  owing  to  the 
pressure  of  the  displaced  bone  upon  branches  of  the  trifacial,  is  usually  considerable. 
There  is  constant  dribbling  of  saliva.  Deglutition  and  speech  are  also  rendered 
difficult,  words  containing  labials  being  especially  indistinct. 

Treatment. — Reduction,  if  soon  attempted,  is  usually  effected  easily.  The  sur- 
geon standing  in  front  of  the  patient  places  his  thumbs,  protected  with  lint,  upon 
the  molar  teeth,  and  then  forcibly  depresses  the  angles  of  the  jaws,  while  the  chin  is 
at  first  slowly  depressed  and  then  raised  steadily  upwards  by  the  fingers  and  palms 
of  the  hands  placed  beneath  it.  If  this  fail,  and  it  very  rarely  will,  two  pieces  of 
wood,  about  six  inches  long  and  half  an  inch  thick,  padded  at  the  ends,  should  be 
placed  as  far  back  as  possible  upon  the  lower  molar  teeth  and  held  there  by  assist- 
ants, while  the  surgeon  draws  the  chin  straight  upwards.  If  this  also  prove  un- 
successful— and  it  is  only  applicable  to  cases  where  the  molar  teeth  are  sound — the 
surgeon  should  make  pressure,  with  his  thumbs  placed  inside  the  mouth,  directly 
upon  the  coronoid  processes  themselves,  while  the  fingers  steady  the  jaw  outside,  and 
gradually  lift  the  chin.  Another  very  useful  expedient  is  to  reduce  one  side  at  a 
time,  care  being  taken  that  the  side  first  reduced  is  not  redislocated  while  attempts 
are  being  made  to  replace  the  other.  In  cases  of  difficulty  an  anaesthetic  should  of 
course  be  given.  After  reduction  has  been  effected,  a  jaw-bandage  or  some  similar 
but  less  disfiguring  form  of  support  should  be  worn  for  a  few  days,  and  the  patient 
restricted  to  a  liquid  diet.  Movements  when  begun  should  be  increased  cautiously 
at  first. 

Old  dislocations. — If  a  dislocation  of  tha  lower  jaw  be  overlooked,  the  patient's 
condition  becomes  gradually  much  improved.  The  dribbling  of  saliva  ceases,  speech 
becomes  natural,  the  power  of  approximating  the  lips  is  regained,  and  a  certain 
degree  of  voluntary  movement  in  the  jaw  is  restored.1  But  a  distinct  amount  of 
deformity  2  remains,  and  the  patient  will  probably  be  debarred  from  solid  diet,  as 
chewing  movements  are  awkward,  embarrassed,  and  productive  of  discomfort. 
Within  the  first  six  months,  if  the  deformity  or  the  stiffness  of  the  jaw  and  impeded 
mastication  be  much  complained  of,  an  attempt  should  be  made  to  bring  about 
reduction.  After  three  months  have  elapsed  there  is  but  little  hope  that  this  attempt 
will  be  entirely  successful ;  but  if  the  dislocation  be  not  reduced,  the  operation  will 
not  be  wholly  without  good  result,  owing  to  the  stretching  of  adhesions  and  conse- 
quent improved  mobility.    Amongst  the  most  interesting  cases  of  attempts  to  reduce 

1  This  was  marked  in  several  of  the  cases  mentioned  below.  Thus  iu  Mr.  Couper's  case 
the  jaw  is  reported  to  have  remained  absolutely  fixed  for  some  time  after  the  accident,  and 
to  have  regained  a  considerable  range  of  motion  gradually,  the  control  over  the  muscles 
having  been  probably  regained  by  practice.  The  jaws  could  here  be  brought  within  an  inch 
of  each  other,  and  separated  by  about  an  inch  and  a  half.  During  the  greatest  closure  of 
the  mouth  the  upper  and  lower  molars  were  nearly  in  contact,  but  not  sufficiently  near  each 
other  to  be  of  much  use  in  mastication. 

2  Thus  in  Mr.  Hutchinson's  case,  referred  to  below,  it  is  stated  that,  '  apart  from  re- 
stored power  of  mastication,  the  difference  produced  in  her  personal  appearance  was  wonder- 
ful. We  had  fancied  at  first  that  there  was  but  little  facial  deformity,  but  this  impression 
was  corrected  at  once  when  we  had  her  natural  expression  before  us  by  way  of  contrast.' 
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long-standing  dislocations  of  the  jaw  are  those  of  Donovan,1  who  reduced  a  disloca- 
tion of  98  days,  after  efforts  prolonged  for  an  hour  and  a  half.  Mr.  Hutchinson 9 
reduced  a  dislocation  of  two  months'  standing,  hy  direct  pressure  downwards  and 
backwards  upon  the  coronoid  processes  with  the  thumb  placed  within  the  mouth,  the 
reduction  being  first  effected  on  one  side  and  then  on  the  other.  Mr.  Pollock  3 
succeeded  in  a  case  of  four  months'  standing,  by  drawing  the  chin  upwards  by  means 
of  a  tourniquet  strap  passed  round  the  head  and  under  the  jaw,  wedges  having  been 
previously  placed  between  the  molar  teeth.  On  the  other  hand  Mr.  Couper4  failed, 
after  efforts  prolonged  over  an  hour,  to  reduce  a  dislocation  which  had  lasted  nearly 
four  months,  though  the  mobility  of  the  jaw  was  found  to  be  much  increased  a  fortnight 
after. 

B.  Unilateral  dislocation.- — Very  little  need  be  added  here  to  the  account  already 
given  of  the  bilateral  injury.  Both  own  the  same  causes.  The  symptoms  as  might 
be  expected  are  much  the  same,  but  not  so  evident.  Thus  the  mouth  is  not  so 
widely  open ;  the  abnormal  hollow  in  front  of  the  meatus  on  the  affected  side,  and 
the  deviation  of  the  chin  towards  the  opposite  side  to  that  on  which  the  dislocation 
exists,  though  usually  given  as  reliable  signs,  are  certainly  not  always  well  marked. 
Two  cases  only  have  come  under  my  notice  ■  in  both  the  dislocation  was  easily 
reduced  ;  in  one,  that  of  a  young  lady,  the  tendency  to  the  accident  appeared  to  have 
existed  for  many  years.  The  treatment  is  practically  the  same  as  that  given  in  the 
account  of  the  bilateral  displacement. 

/Subluxation  of  the  jam.- — This  term  was  given  by  Sir  A.  Cooper  to  a  condition 
the  exact  pathology  of  which  is  unknown,  since  no  dissections  have  been  forthcoming 
to  throw  light  upon  the  condition  upon  which  the  symptoms  depend.  It  is  met  with 
usually  in  young  and  delicate  women,  Thus  in  thi-ee  cases  which  have  come  under 
my  notice,  during  the  last  twelve  months,  in  the  out-patient  room  at  Guy's  Hospital, 
two  were  in  young  women,  one  of  whom  suffered  from  debility,  chlorosis,  and 
amenorrhea,  the  other  from  '  strumous  '  enlargement  of  the  cervical  and  sub-maxil- 
lary glands.  In  the  third  case,  that  of  a  young  and  delicate  adult  male,  there  was  a 
history  of  long-standing  dyspepsia  before  this  condition  of  the  jaw  was  noticed.  The 
symptoms  are — the  feeling  of  an  occasional  arrest  of  the  movements  of  the  jaw,  accom- 
panied by  discomfort  or  even  pain,  and  a  sensation  of  slipping  or  snapping  in  the 
joint,  while  a  grating  or  crackling  sound  is  audible  to  the  patient,  and  often  to  those 
around  her.  A  relaxed  condition  of  the  ligaments  of  the  joint  and  the  surrounding 
muscles  is  no  doubt  present,  the  sound  being  perhaps  produced  by  an  abnormally 
movable  fibro-cartilage  slipping  loosely  in  front  of  the  condyle,  and  perhaps  becoming 
slightly  folded  or  entangled  between  it  and  the  eminentia  articularis — a  condition 
similar  in  kind  (though  much  milder  in  degree)  to  that  which  is  believed  to  occur 
sometimes  in  the  case  of  the  menisci  of  the  knee  joint.  The  treatment  is  simple  and 
usually  efficacious,  viz.  flying  blisters  over  the  joint,  followed  later  by  cold  douches 
to  the  part.  Any  sudden  or  careless  movement  of  the  joint  is  to  be  forbidden  ;  while 
a  small  support  should  be  worn  under  the  chin  and  kept  in  place  by  narrow  tapes  or 
elastic.    Tonics  and  fresh  air  are  of  course  advisable. 

Walter  H.  A.  Jacobson. 

The  original  Article  was  by  Mr.  Holmes  Coo/e.     77ie  present  Essay  is  re- 
written, bat  free  use  has  been  made  of  Mr.  Coote's  work. 


1  Dub.  Med.  Press,  May  25,  1842. 
3  St.  George's  Hosp.  Ilep.  vol.  i. 


"  Loud.  Hasp.  Repts.  vol.  ii.  p.  335. 
4  Lond.  Hasp,  liepts.  vol.  i.  p.  2G2. 
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Wounds. 


OTTNDS  of  the  Neck  differ  greatly  in  character,  extent,  and  danger.  They 


may  be  divided,  for  convenience  of  description,  into— first,  those  inflicted  in 
front;  secondly,  those  in  the  lateral  regions;  and  thirdly,  those  behind.  Yery  often, 
however,  the  wound  extends  from  one  region  to  another.  The  parts  involved  vary 
with  the  situation,  direction,  and  depth  of  the  wound,  and  also  in  some  degree  with 
the  position  of  the  head  and  neck  at  the  time  the  injury  is  inflicted. 

1.  Wounds  in  the  Front  of  the  Neck. — Accidental  wounds  in  this  region 
are  rare.  They  are  more  frequently  punctured  than  incised,  and  are  often  somewhat 
contused.  They  result  for  the  most  part  from  falls  upon  sharp  instruments  or  pro- 
jecting points,  and,  as  a  rule,  take  a  direction  from  below  upwards  and  backwards. 

Homicidal  wounds  are  not  uncommon.1  They  are  generally  incised,  and  often 
designedly  simulate  self-inflicted  wounds.  They  seldom  present  any  distinctive 
appearances.  The  stabs  of  the  assassin  in  this  region  are  usually  directed  from  above 
downwards  and  towards  the  middle  line. 

Suicidal  wounds  are  comparatively  common.2  They  are  more  common  in  this 
country  than  on  the  Continent.3 

These  wounds  are  almost  always  incised,  and  are  often  lacerated  with  more  or 
less  jagged  edges.  They  are  ordinarily  made  from  left  to  right,  and  obliquely  down- 
wards or  transversely  across  the  throat.  They  seldom  sink  so  deeply  into  the  side 
of  the  neck  as  to  reach  the  great  vessels.  The  larger  extent  of  the  wound  is,  in  most 
instances,  on  the  left  of  the  middle  line ;  but  this  is  not  invariably  the  case,  even 
though  the  right  hand  may  have  been  used.4  Dieffenbach  records  the  case  of  a 
young  man  who,  having  taken  a  razor  in  each  hand,  at  the  same  moment  cut  across 
his  neck  from  left  to  right,  and  from  right  to  left.  The  wounds  crossed  one  another 
over  the  larynx  and  trachea.5  Most  frequently  the  suicide  makes  but  one  gash. 
Sometimes,  however,  several  wounds  are  inflicted  before  the  fatal  or  final  one  is 
made.  It  is  important  to  bear  in  mind  that,  in  consequence  of  its  elasticity  and 
mobility,  the  skin  of  the  neck  is  easily  thrown  into  folds  and  irregularly  stretched ; 
and  thus  several  distinct  cuts  may  be  produced  by  a  single  stroke  of  the  knife.  The 
jagged  and  uneven  appearances  often  presented  by  continuous  wounds  may  be  ex- 
plained, to  a  certain  extent,  in  the  same  manner.6 

Punctured  wounds  are  occasionally,  though  rarely,  made  in  this  region  with 
suicidal  intent.  Lord  Castlereagh,  as  is  well  known,  destroyed  himself  by  thrusting 
a  penknife  through  his  carotid  artery.  His  method  was  attempted  shortly  after- 
wards by  many  would-be  suicides,  but  in  most  instances  without  fatal  result. 
Laugier  7  quotes  the  case  of  a  lunatic,  who,  having  penetrated  his  larynx  by  the 

1  During  the  sixteen  years  ]  863  -78,  out  of  3,074  murders  and  infanticides  perpetrated  in 
England  by  specified  methods,  168  were  accomplished  by  wounds  of  the  neck.  (See  Reports 
of  Registrar  General.) 

2  During  the  period  above  mentioned,  out  of  a  total  number  of  24,299  suicides,  4,553 
were  cases  of  cut  throat. 

3  The  statistics  of  Brierre  de  Boismont  show  out  of  4,595  cases  of  suicide  onlv  121  by 
cut  throat. — Du  Suicide,  Paris,  1856. 

4  See  St.  George's  Hasp.  Repts.  1866,  p.  368. 

5  Dieffenbach,  Sur  les  Plates  du  Con.    Archives  Generates,  2e  serie,  t.  vi.  p.  237. 

6  For  the  medico-legal  bearing  of  this  point,  see  (Jasper  ;  Sydenham  Society's  Translation, 
vol.  i.  p.  129. 

7  Dictionnaire  Enc.  (30  vol.)  t.  ix.  p.  168. 
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point  of  a  penknife,  divided  his  thyroid  cartilage  into  eight  parts  by  turning  the 
knife  in  various  directions. 

Suicidal  wounds  of  the  throat  are  most  common  among  men  of  intemperate 
habits  and  broken  health,  who  have  passed  the  middle  period  of  life.  Sometimes 
they  are  inflicted  during  delirium  ;  sometimes  in  fits  of  extreme  despondency  ;  some- 
times, but  not  often,  under  the  influence  of  privation  or  pain,  or  of  distress  of  mind, 
delusion,  or  fear.  Under  any  such  circumstance  the  condition  of  the  sufferer  is  un- 
favourable alike  to  recovery  from  the  shock  of  the  injury,  and  to  subsequent  repair 
of  the  damage  sustained.  Hence,  these  wounds  are  more  likely  to  prove  fatal  than 
accidental  or  homicidal  wounds  of  similar  extent  and  severity.  Hence  also,  special 
care  and  watchfulness  are  necessary  in  their  treatment. 

Wounds  in  the  front  of  the  neck  may  be  anywhere  between  the  upper  border  of 
the  sternum  and  the  lower  jaw.  Sometimes  they  are  mere  abrasions  of  the  skin. 
Sometimes  they  are  superficial,  implicating  the  subcutaneous  structures  as  well  as  the 
skin.  Sometimes  they  are  deep,  penetrating  the  air  or  food  passage,  or  both,  or 
even  extending  through  all  the  soft  parts  down  to  the  spinal  column. 

Superficial  wounds  in  this  region  are  not  altogether  fr  ee  froru  danger.  They  are 
sometimes  attended  by  considerable  haemorrhage.  If  the  external  jugular  vein  is 
wounded,  death  may  ensue,  either  from  loss  of  blood,  or  from  entrance  of  air  into 
the  vein.1  In  some  cases  diffused  cellulitis  occurs,  and  spreads  rapidly.  Sloughing 
may  ensue,  or  pus  may  burrow  in  various  directions,  sometimes  even  extending  into 
the  anterior  mediastinum.  Wounds  over  the  thyroid  cartilage  occasionally  give 
rise  to  inflammatory  oedema  of  the  larynx  and  pharynx  ;  and  there  may  be  difficulty 
of  breathing,  alteration  of  voice,  and  pain  in  swallowing,  although  the  inucous  mem- 
brane may  not  have  been  injured. 

In  consequence  of  the  elasticity  of  the  skin,  the  laxity  of  the  areolar  tissue,  and 
the  action  of  the  platysma  myoides  muscle,  the  edges  of  these  wounds  are  often 
widely  separated  at  first,  and  have  a  great  tendency  to  roll  inwards  when  attempts 
are  made  to  bring  them  together.  Hence  arises,  in  part,  the  difficulty  often  met 
with  in  obtaining  primary  union.  This  difficulty  is  increased  by  the  frequent  move- 
ments to  which  the  neck  is  liable.  Accurate  coaptation  of  the  lips  of  the  wound  is 
best  secured  by  a  very  fine  continuous  suture,  or  by  many  short  stitches  near  to  one 
another ;  these  should  be  passed  through  the  skin  only,  and  so  close  to  the  edges 
that  no  portion  can  roll  inwards.  The  elasticity  of  the  skin  and  the  action  of  the 
platysma  may  be  counteracted  by  long  strips  of  adhesive  plaister  applied  obliquely 
across  the  neck,  or  parallel  to  the  fibres  of  the  platysma.  Tension  upon  the  wound 
and  the  general  movements  of  the  neck  may  be,  to  a  great  extent,  prevented  by  sup- 
porting and  fixing  the  head  in  proper  position.  Whatever  pains,  however,  may  be 
bestowed,  it  often  happens  that  primary  union  does  not  take  place ;  and  the  process 
of  healing  by  granulation  is  but  slow. 

Deep  incised  wounds  which  penetrate  into  the  air  passage,  very  generally  impli- 
cate other  important  parts  also ;  as  the  large  bloodvessels,  food  passage,  &c.  Such 
wounds  are  liable  to  be  attended  by  certain  dangers  and  complications  more  or  less 
common  to  all,  whatever  their  precise  situation  ;  and  by  others  which  vary  with  the 
particular  structures  involved. 

Some  idea  as  to  the  relative  frequency  with  which  the  different  portions  of  the  air  tube 
are  wounded  may  be  gathered  from  the  following  summary  of  232  unselected  cases  of  cut 
throat,  of  which  I  have  obtained  particulars:  — 

Situation  of  wound.  Number  of  cases. 

Above  the  hyoid  bone        ..........  17 

Through  the  thyrohyoid  membrane   80 

Through  the  thyroid  cartilage    .........  42 

Through  the  cricothyroid  membrane,  or  cricoid  cartilage    ....  30 

Into  the  trachea   67 

2:52 


1  A  remarkable  case  of  sudden  death  from  wound  of  the  external  jugular  vein  is  recorded 
in  the  Boston  Medical  Magazine,  vol.  hi.  p.  117. 
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The  sources  of  danger  and  after-complications  common  to  most  deep  wounds  of 
the  front  of  the  neck,  whether  simply  incised,  or  lacerated  or  contused,  or  produced 
by  gunshot,  and  irrespective  of  their  precise  situation,  are  as  follows  : — 

1.  Haemorrhage,  arterial  or  venous,  may  prove  fatal  almost  instantly,  or  very 
speedily,  and  before  assistance  is  at  hand.  Sometimes,  after  having  completely 
ceased  for  a  time,  during  syncope  or  from  some  other  cause,  it  recurs  to  a  serious 
extent.  This  is  especially  likely  to  happen  when  a  small  opening  has  been  made 
into  one  or  other  of  the  great  vessels.  As  a  general  rule,  the  great  vessels  escape  in 
cases  of  suicidal  cut  throat.  They  owe  their  comparative  immunity,  in  the  first 
place,  to  their  situation ;  and  in  the  second  place,  but  not  less  notably,  to  their 
elasticity  and  mobility,  and  the  consequent  ease  with  which  they  are  carried,  as  it 
were,  with  or  before  the  knife.  When  a  gash  is  about  to  be  made  in  the  upper  part 
of  the  neck,  the  head  is  thrown  back,  and  the  pharynx  is  brought  well  forward. 
The  incision  must  be  deep  indeed  to  reach  the  carotids  or  jugulars.  Again,  when 
the  incision  is  over  the  larynx,  the  cartilages  oppose  so  much  resistance  that  the 
power  of  the  suicide  is  generally  expended  before  the  needful  depth  is  attained. 
Lastly,  when  the  incision  is  still  lower,  the  sternomastoids  contract  spasmodically  on 
the  stimulus  of  the  knife,  and  defend  the  deeper  structures.  It  is  probable  also,  as 
pointed  out  by  Mr.  Hilton  in  his  Anatomical  Lectures,  that  when  the  windpipe  is 
opened  below  the  glottis,  air  immediately  escapes  from  the  lungs ;  consequently,  the 
chest-muscles  which  act  upon  the  upper  extremity  lose  to  a  certain  extent  their 
support,  and  the  arm  falls.  Thus,  the  would-be  suicide,  if  he  have  the  desire,  may 
be  deprived  of  the  ability  to  carry  his  attempt  further. 

2.  Blood  may  be  drawn,  or  may  flow  into  the  air  passages  faster  than  the  sufferer 
can  expel  it ;  and  asphyxia  may  quickly  result.  Or,  a  clot  of  blood  may  get  into  the 
larynx,  and  destroy  life.1 

3.  Air  may  enter  a  wounded  vein,  and  cause  sudden  death,  or  give  rise  to 
alarming  symptoms,  which  may  either  subside,  or  ultimately  lead  to  a  fatal  result.2 
This  accident  is  most  likely  to  occur  if  one  of  the  large  veins  at  the  root  of  the  neck 
has  been  opened,  but  not  cut  through.  It  may  happen,  however,  in  wounds  of  the 
smaller  veins,  and  even  though  the  seat  of  injury  be  comparatively  high  in  the 
neck.2 

Le  Gros  Clark  mentions  a  case  in  which  the  wound  was  above  the  hyoid  hone. 
Dyspnoea  came  on  gradually,  and  increased  until  in  about  twenty-four  hours  life  was 
extinct.  '  At  the  autopsy,  the  blood  in  the  heart  was  found  churned  up  and  frothy.  .  .  . 
Investigation  at  the  seat  of  injury  suggested  that  a  half-divided  vein,  which  had  been 
ligatured  only  on  its  distal  or  bleeding  side,  had  slowly  absorbed  air,  the  admixture  of  which 
with  the  blood  had  proved  fatal.'  3 

Gross,  in  his  analysis  of  eighty-five  cases  of  wounds  of  the  internal  jugular  vein,  states 
that  in  ten  of  them  the  entrance  of  air  was  recognised  ;  but  in  four  only  did  death  result. 

4.  The  divided  structures  may  be  so  displaced  as  to  impede  or  absolutely  obstruct 
respiration. 

For  example,  if  the  incision  is  above  the  hyoid  bone,  the  tongue  may  be  cut 
through,  and  its  posterior  portion  falling  back,  may  occlude  the  larynx,  and  produce 
suffocation.    Such  a  case  occurred  under  my  observation  in  Guy's  Hospital. 

If  the  incision  is  between  the  hyoid  bone  and  the  thyroid  cartilage,  the  epiglottis 
may  be  divided,  or  separated  from  its  connections,  and  may  give  rise  to  alarming 
symptoms. 

In  a  case  of  cut  throat,  recorded  by  Mr.  Houston,4  the  epiglottis,  separated  from  its 
upper  and  lateral  attachments,  fell  over  the  rima  glottidis,  and  obstructed  respiration  so 
completely  that,  within  a  few  minutes  after  the  accident,  symptoms  of  suffocation  ensued. 
The  epiglottis  was  raised,  brought  over  the  edge  of  the  thyroid  cartilage,  and  secured  by  a 
single  stitch  to  its  anterior  surface.  Respiration  returned.  The  man  in  a  short  time  sat  up, 
and  attempted  to  speak,  but  was  unable  to  articulate. 

1  See  Hilton's  Clinical  Lectures.    Guy's  Hasp.  Rents.  3rd  iSeries,  vol.  xiii.  p.  31. 

2  See  Wounds  of  Vessels,  p.  372. 

3  Lectures  on  the  Principles  of  Surgical  Diagnosis,  delivered  at  the  Royal  College  of 
Surgeons,  p.  225 ;  also  Brit.  Med.  Journ.  Aug.  21,  1869. 

4  Dublin  Hosp.  Repts.  vol.  v.  p.  315,  cited  by  Ryland. 
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If  the  laryngeal  cartilages  are  cut  through,  a  detached  portion  of  one  or  other 
may  get  into  the  glottis. 

A  remarkable  instance  is  mentioned  by  Sir  0.  Bell.1  A  man  who  had  cut  bis  throat 
suffered  occasionally  from  great  difficulty  of  breathing,  accompanied  by  a  flapping  sound  in 
tbe  throat.  After  death  it  was  found  that  one  of  the  arytenoid  cartilages  had  been  divided 
and  bung  by  a  membrane.  It  vibrated  in  the  chink  of  the  glottin,  '  like  a  pea  in  a  cat-call,' 
during  life  ;  and  finally,  acting  as  a  foreign  body,  it  caused  suffocation. 

If  the  trachea  is  cut  through,  the  divided  portions  are  liable  to  become  very 
widely  separated,  and  the  soft  parts  may  intervene  and  prevent  the  free  entrance  of 
air. 

Casper  2  relates  an  instauce  in  which  it  appeared  evident  that  death  resulted  from  some 
such  cause,  llichet 3  in  1854  communicated  to  the  Societe  de  Chirurgie  a  very  interesting 
case  in  which  the  oesophagus  projected  forwards  and  became  interposed  between  the  cut 
ends  of  the  divided  trachea. 

5.  Emphysema  may  occur  in  any  case  in  which  an  opening  has  been  made  into 
the  air  passage  below  the  glottis,  and  in  which  the  expired  air  cannot  find  free  exit. 
It  may  be  especially  looked  for,  if  the  wound  through  the  integuments  does  not 
correspond  in  situation  and  proportionate  extent  with  that  made  into  the  larynx  or 
trachea.  Such  emphysema  may  spread  rapidly  through  the  subcutaneous  areolar 
tissue  of  the  head,  neck,  and  thoracic  parietes,  and  even  as  far  as  the  scrotum  4  ;  or, 
taking  the  course  of  the  trachea  and  oesophagus,  it  may  reach  the  mediastina. 
Hilton  states  that  emphysema  about  the  phrenic  nerves  may  so  far  interfere  with 
their  functional  integrity  as  to  lead  to  a  fatal  result.  Agnew  states  that  he  once  saw 
a  patient  die  from  this  cause.5  It  is  said  that  in  wounds  of  the  larynx,  emphysema 
may  extend  through  the  submucous  tissue,  and,  by  constricting  the  glottis,  rapidly 
produce  suffocation.  As  a  general  rule,  however,  emphysema  is  not  in  itself  a 
dangerous  complication. 

6.  The  voice  may  be  modified,  or  entirely  lost,  either  as  an  immediate  and  direct 
effect  of  the  injury,  or  subsequently,  in  consequence  of  inflammatory  changes.  The 
manner  in  which  the  voice  is  affected,  and  the  persistence  of  the  affection,  vary  with 
tbe  parts  especially  involved.  If  the  windpipe  is  opened  below  the  vocal  cords,  air 
may  escape  through  the  wound,  and  aphonia  may  result.  In  such  cases,  however, 
the  voice  may  be  temporarily  restored  by  closing  the  wound,  or  by  approximating 
the  divided  structures  by  change  of  position. 

7.  Dysphagia,  or  even  absolute  inability  to  swallow,  may  immediately  result,  or 
may  subsequently  arise.  Saliva,  mucus,  food,  and  drink  may  escape  through  the 
wound ;  and  much  suffering  may  be  occasioned.  Such  symptoms  are  almost  certain 
to  occur  if  the  food  passage  has  been  extensively  opened ;  but  they  may  arise  even 
though  the  incision  has  not  penetrated  beyond  the  air  passage.  In  consequence  of 
inflammation,  or  of  some  nerve  lesion,  it  may  happen  that  during  deglutition  the 
epiglottis  does  not  become  properly  lowered  ;  or  the  larynx  is  not  carried  far  enough 
upwards  and  forwards.  Consequently  fluids,  and  even  solids,  may  traverse  the 
glottis,  get  into  the  trachea,  and  issue  from  the  wound.  This  is  by  no  means 
uncommon  after  tracheotomy  in  diphtheria ;  but  in  such  case  the  explanation  may 
be  that  the  muscles  of  deglutition  are  more  or  less  paralysed. 

8.  Inflammation  and  oedema  of  the  parts  about  the  glottis  may  rapidly  supervene 
and  endanger  life. 

9.  Abscesses  and  purulent  effusions,  originating  in  the  immediate  neighbourhood 
of  the  wound,  may  spread  rapidly  in  various  directions  through  the  loose  areolar 
tissue,  and  produce  the  gravest  symptoms.  Sometimes  they  run  down  to  the  root  of 
the  lung,  or  implicate  the  pleura,  and  fatal  results  ensue.  Sometimes  by  pressure 
they  impede  respiration,  or  interfere  with  the  venous  circulation  and  cause  oedema. 

1  Surgical  Observations,  vol.  i.  p.  44. 

2  Handbook  of  Forensic  Medicine,  New  Sydenham  Society's  Translation,  vol.  ii.  p.  18. 

3  Quoted  in  Nouveau  Dictionnaire  de  MSdicine  et  de  Chirurgie,  vol.  ix.  p.  640. 

*  See  cases  recorded  in  Plaies  du  Larynx,  de  la  Trochee,  fyc.  pp.  53,  71.  Par  le  Dr. 
Paul  Horteloup.    Paris,  1869. 

6  The  Principles  and  Practice  of  Surgery,  vol.  i.  p.  3:20.    Philadelphia,  1878. 
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10.  Bronchitis  and  bronchopneumonia  are  common  and  often  dangerous  after- 
complications.  They  may  be  caused  by  extension  of  inflammation  from  the  wound, 
by  admission  of  unwarmed,  unmoistened  air  into  the  lungs,  or  by  irritation  set  up 
by  the  entrance  of  blood,  pus,  or  foreign  bodies,  or  portions  of  food,  drink,  &c,  into 
the  air  passages.  In  seventeen  out  of  twenty-one  fatal  cases  of  cut  throat,  treated  in 
Guy's  Hospital  within  the  last  few  years,  in  which  the  more  immediate  effects  of  the 
injury  had  been  survived,  death  was  due  to  these  affections. 

11.  The  natural  passages  may  become  constricted  during  cicatrisation,  or  may  be 
obstructed  by  the  growth  of  exuberant  granulations  round  the  wound.  Such 
complications  require  very  careful  management,  for  they  are  almost  certain  to  increase 
in  severity  and  importance  with  the  lapse  of  time. 

12.  A  fistulous  opening  into  the  air  passage  or  the  gullet  may  remain  after  the 
wound  generally  is  healed.  Such  a  complication  is  very  rare,  but  numerous  well- 
authenticated  instances  are  on  record.1  It  is  most  likely  to  occur  in  cases  in  which 
portions  have  been  entirely  cut  away,  or  in  which  there  has  been  very  wide  separa- 
tion of  parts,  and  healing  has  been  very  slow. 

Dr.  Gairdner  2  narrates  the  case  of  a  man  who  cut  his  throat  with  a  razor,  dividing  the 
larynx  at  the  upper  part  of  the  cricoid  cartilage,  and  the  oesophagus  also.  The  cut  extremi- 
ties receded  from  each  other  to  the  distance  of  at  least  three  inches.  Attempts  were  made  to 
unite  the  divided  larynx  by  means  of  sutures,  and  to  pass  a  gum  elastic  catheter  from  the 
nostril  into  the  oesophagus,  hut  without  success.  Ultimately  the  man  recovered,  with  an 
aperture  in  the  front  of  the  neck,  through  which  respiration  was  performed,  and  through 
which  liquid  nourishment  was  conveyed  into  the  stomach  by  means  of  an  elastic  tube, 
introduced  at  each  meal  into  the  lower  portion  of  the  oesophagus.  Two  years  after  the 
iniiiction  of  the  wound,  this  patient  was  strong  and  fat,  and  had  all  the  appearance  of  a 
person  enjoying  excellent  health. 

Some  of  the  more  special  effects  and  complications,  which  vary  with  the  situation 
of  the  wound,  may  now  be  discussed. 

a.  Deep  wounds  between  the  lower  jaw  and  the  hyoid  bone,  besides  dividing  all 
the  superficial  structur  es,  and  the  depressor  muscles  of  the  jaw,  and  elevators  of  the 
hyoid  bone,  may  involve  the  lingual  and  facial  bloodvessels,  the  hypoglossal  nerves, 
and  the  submaxillary  glands  and  ducts.  They  may  penetrate  the  floor  of  the  mouth 
to  a  greater  or  less  extent,  and  partially  or  even  completely  sever  the  tongue.  Such 
wounds  are  very  dangerous.  In  twelve  out  of  seventeen  cases  of  which  I  have  parti- 
culars they  proved  fatal.  They  ai-e  usually  attended  by  profuse  haemorrhage.  They 
gape  widely  when  the  head  is  thrown  back.  Saliva,  mucous  discharges,  and  alimentary 
materials,  attempted  to  be  swallowed,  escape  freely.  Great  dryness  of  the  fauces  and 
thirst  are  usually  complained  of.  Articulation  may  be  impaired,  and  vocalisation 
enfeebled.  Death  may  ensue  from  loss  of  blood,  frorn  obstruction  of  the  larynx  by 
blood  coagulated  in  the  back  of  the  mouth  or  upper  part  of  the  pharynx,  or,  as  in  the 
case  already  referred  to,  and  in  others  that  might  be  quoted,  the  posterior  portion  of 
the  divided  tongue  may  fall  backwards  and  produce  suffocation. 

b.  Wounds  through  the  thyrohyoid  membrane  penetrate  into  the  pharynx, 
and  may  partially  or  completely  sever  the  epiglottis,  the  aryteno-epiglottidean  folds 
of  mucous  membrane,  or  even  the  arytenoid  cartilages  or  vocal  cords.  The 
superior  thyroid  vessels,  and  possibly  the  lingual,  are  liable  to  be  involved,  and  the 
superior  laryngeal  nerves  may  be  injured.  These  wounds  are  much  more  common 
than  the  preceding,  and  perhaps  are  somewhat  less  dangerous.  They  do  not  gape 
so  widely,  but  permit  the  partial  or  entire  escape  of  nutriment,  &c.  They  are 
almost  always  attended  by  great  difficulty  in  swallowing,  on  account  of  the  convul- 
sive cough  produced  by  the  irritation  of  the  food  in  its  passage  over  the  imperfectly 
protected  laryngeal  orifice.  They  are  liable  to  be  very  speedily  followed  by  great 
difficulty  in  breathing,  spasmodic  fits  of  suffocative  cough,  complete  loss  of  voice,  and 
lividity  of  the  face.  Such  symptoms  indicate  inflammation  and  oedema  about  the 
glottis  and  upper  part  of  the  larynx ;  and  unless  relief  is  afforded  by  appropriate 
treatment,  death  ensues.    Sometimes  a  detached  or  partially  detached  portion  of  the 

1  See  Horteloup,  Op.  cit.  p.  77  and  p.  117. 

2  Edinb.  Med.  and  Sury.  Jburn.  vol.  xvi.  p.  353. 
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epiglottis,  or  some  other  structure,  gets  into  the  glottis,  and  more  or  less  seriously 
impedes  respiration. 

c.  Wounds  which  penetrate  the  larynx  are,  as  a  rule,  very  dangerous  •  but  more 
so  perhaps  on  account  of  the  after-complications  to  which  they  are  especially  liahle 
than  from  their  immediate  effects.  They  are  not  usually  attended  by  much  haemor- 
rhage. The  important  bloodvessels  most  likely  to  be  involved  are  the  superior 
thyroid.  Deep  gashes  which  happen  to  traverse  cither  the  cricothyroid  or  the 
cricotracheal  membrane  may  reach  the  carotids  and  jugulars  more  easily  than 
wounds  made  with  equal  force  across  other  parts  of  the  front  of  the  neck.  Breath- 
ing, swallowing,  and  vocalisation  are  affected  in  a  manner  and  to  an  extent  varying 
with  the  precise  seat  of  the  injury  and  the  structures  involved.  Sometimes  the 
symptoms  are  apparently  very  anomalous.  A  wound  through  +he  upper  part  of  the 
thyroid  cartilage  may  involve  the  arytenoid  cartilages ;  and  separated  portions  of 
one  or  the  other  may  occlude  the  glottis,  or,  becoming  necrosed,  may  subsequently 
lead  to  serious,  if  not  fatal,  complications.  Inflammation  and  oedema  about  the 
glottis  are  very  liable  to  occur ;  and  the  inflammation  may  rapidly  extend  along  the 
trachea  and  bronchi  to  the  lungs.  If  the  earlier  dangers  are  escaped,  others  may 
arise  at  more  remote  periods  from  exuberant  growth  of  granulations,  and  thickening 
of  the  mucous  membrane  in  the  neighbourhood  of  the  wound,  or,  still  later,  from 
contraction  of  the  cicatrices. 

A  patient  came  under  my  care  in  Guy's  Hospital,  whose  larynx  had  been  wounded  Ivy  a 
bayonet  during  the  American  war.  The  wound  healed  very  slowly;  but  at  last  he  thought 
himself  well,  although  his  voice  was  much  impaired.  After  a  time  lie  began  to  suffer  from 
difficulty  of  breathing,  which  gradually  but  certainly  increased  until  his  voice  was  reduced 
to  a  whisper,  and,  as  he  said,  it  was  'hard  work  to  get  a  breath.'  Laryngoscopic  examination 
showed  great  and  irregular  constriction  of  the  upper  part  of  the  larynx.  The  vocal  cords 
could  not  be  seen.  One  night,  suffocation  impending,  tracheotomy  was  performed.  Great 
relief  immediately  followed,  and  under  subsequent  treatment  he  became  able  to  breathe  to 
some  degree  through  his  larynx,  and  his  voice  was  much  improved. 

Punctured  wounds  through  the  thyroid  cartilage  occasionally  penetrate  between 
the  vocal  coi'ds,  or  injure  one  or  both  of  them.  In  such  cases  oedema  about  the 
glottis  almost  invariably  occurs,  and  produces  death  by  suffocation. 

Sir  0.  Bell'  mentions  an  instance  in  which  a  young  woman,  ^vho  had  inflicted  a  wound 
in  this  situation  with  a  penknife,  was  suffocated  some  months  afterwards  by  the  exuberance 
of  the  granulations  which  arose  from  the  edges  of  the  wound,  and  filled  up  the  aperture  of 
the  glottis. 

When  the  cartilages  of  the  larynx  are  divided  entirely  across  (which,  however, 
rarely  happens),  the  upper  portions  are  drawn  upwards  by  the  elevator  muscles,  and 
the  lower  portions  downwards  by  the  depressors.  Thus  a  large  gaping  wound 
is  produced,  which  is  usually  complicated  with  injury  of  the  anterior  wall  of  the 
pharynx. 

Ordinarily,  wounds  of  the  larynx  do  not  gape  much  ;  and  the  free  escape  of  air, 
blood,  mucus,  and  pus  may  be  hindered.  In  such  cases  the  occurrence  of 
emphysema,  and  the  entrance  of  blood,  etc.,  into  the  air  passages,  are  proportionately 
favoured. 

tl.  Wounds  which  divide  the  trachea  are  usually  attended  by  considerable 
haemorrhage  ;  and  there  is  great  danger  of  the  entrance  of  blood.  The  superior  and 
inferior  thyroid  arteries  and  the  thyroidea  ima,  when  present,  as  well  as  the  thyroid 
veins  and  superficial  jugulars,  are  liable  to  be  involved.  The  thyroid  body  may  be 
implicated,  and,  if  so,  it  bleeds  freely.  The  recur  rent  laryngeal  nerves  are  sometimes 
injured.  If  the  trachea  is  only  partially  cut  across,  the  edges  of  the  wound  separate 
only  slightly  from  each  other,  and  are  easily  kept  in  contact  by  bending  the  head 
and  neck  towards  the  chest.  Sometimes,  however,  the  trachea  is  completely  divided. 
In  such  case  the  two  ends  separate  very  widely  from  each  other,  arid  the  lower  por- 
tion is  drawn  downwards  at  each  inspiration  towards  the  thorax,  and  more  or  less 


1  Op.  cit,  vol.  i.  p.  45. 
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under  cover  of  the  neighbouring-  parts.  Thus  respiration  becomes  seriously 
impeded. 

Richet1  records  a  remarkable  instance  in  which  the  trachea  was  obliquely  divided 
through  four  or  five  of  its  rings.  The  separation  between  the  two  portions  measured  more 
than  two  inches,  and  was  increased  by  about  another  half  an  inch  during  inspiration.  When 
left  to  itself  the  lower  portion  plunged  down  behind  the  sternum  almost  into  the  media- 
stinum ;  it  could  be  seen  to  descend  still  lower  at  each  inspiration,  and  to  ascend  again 
during  expiration.  All  attempts  to  secure  union  failed.  Suffocation  impended  when  the 
wounded  surfaces  were  brought  together.  The  patient  ultimately  recovered,  but  an  opening 
into  the  trachea  remained. 

When  the  trachea  is  completely  divided  transversely,  the  oesophagus  rarely 
escapes.  Sometimes  it  is  wounded,  occasionally  entirely  severed.  Wounds  of  the 
oesophagus  may  be  recognised  by  examination  with  the  finger  ;  their  existence  is  in- 
dicated by  the  escape  of  materials  swallowed  through  the  wound.  But,  as  already 
stated,  such  escape  may  sometimes  take  place  although  the  gullet  is  uninjured. 

In  cases  in  which  both  the  trachea  and  oesophagus  are  divided,  the  danger  to  life 
is  necessarily  very  great.  But  even  under  such  circumstances  recovery  may  take 
place,  as  for  example  in  the  instance  already  quoted  (p.  735).2 

Treatment. — 1.  When  called  to  attend  a  case  of  wound  of  the  neck,  the  surgeon's 
first  care  must  be  to  arrest  haemorrhage. 

Venous  haemorrhage,  as  a  rule,  may  be  effectually  stopped  by  pressure  ;  but 
occasionally  it  may  be  necessary  or  desirable  to  apply  one  or  more  ligatures.  If  the 
external  jugular  or  any  other  superficial  vein  is  wounded,  gentle  but  continued 
pressure  with  the  finger,  beneath  which  a  small  pad  of  lint  has  been  placed,  is 
generally  all  that  is  required,  even  though  the  bleeding  may  have  been  considerable. 
If  the  internal  jugular  is  wounded,  the  haemorrhage  is  profuse,  and  usually,  though 
not  invai'iably,  proves  rapidly  fatal,  unless  prompt  assistance  is  afforded. 

Mr.  Bryant  has  recorded  the  case  of  a  little  girl,  nine  years  of  age,  who  stumbled  whilst 
carrying  a  chamber  utensil  in  her  hand,  and  fell  on  the  broken  china.  The  right  internal 
jugular  vein  was  wounded,  and  such  profuse  haemorrhage  followed  that  she  died  five  minutes 
after  her  admission  into  Guy's  Hospital. 

If  it  appears  probable  that  some  large  vein  is  injured,  but  the  precise  source  of 
the  bleeding  cannot  be  at  once  made  out,  the  wound  should  be  immediately  plugged 
with  small  pieces  of  sponge  or  amadou,  and  pressure  with  the  finger  applied  as  long 
as  necessary.  The  pressure  may  be  maintained  by  means  of  carefully  adjusted  strips 
of  adhesive  plaister.  But  this  treatment  is  not  always  successful,  and  sometimes 
may  be  followed  by  serious  results. 

Tn  the  case  of  a  man  admitted  into  St.  George's  Hospital,  who  had  cut  his  throat  with  a 
penknife,  there  had  been  profuse  haemorrhage,  and  dark  blood  was  still  welling  up.  The 
wound  was  plugged  with  sponges,  and  pressure  with  the  fingers  applied.  Somewhat  later 
the  wound  was  dilated  upwards  and  downwards ;  no  bleeding  vessel  was  discovered,  but  it 
was  evident  that  the  bleeding  proceeded  from  the  lower  end  of  the  wound.  About  half  a 
pint  of  blood  was  lost  before  the  sponges  were  reapplied.  The  wound  gradually  suppurated. 
When  the  last  sponge  had  been  removed,  a  deep  granulating  cavity  was  seen,  with  a  slough 
in  the  direction  of  the  sheath  of  the  vessels.  A  week  afterwards  haemorrhage  suddenly 
recurred  to  an  alarming  extent,  and  the  patient  died  in  the  evening.  On  inspection  a  slough 
was  found  completely  destroying  the  front  wall  of  the  internal  jugular  vein  for  three  inches 
of  its  extent.  The  posterior  half  only  of  the  vessel  remained.  The  anterior  wall  of  the 
common  carotid  artery  had  also  been  wounded;  the  opening  was  small,  and  blocked  up  by 
lymph  and  coagulum,  intimately  adherent  to  the  edges  of  tbe  wound. 

If  the  haemorrhage  is  not  Speedily  and  satisfactorily  stopped  by  pressure,  careful 
search  should  be  made,  even  at  the  expense  of  enlarging  the  wound,  and,  the  source 
having  been  discovered,  the  vein  should  be  ligatured  above  and  below  the  wounded 
part.  It  is. probably  best  to  use  fine  catgut  or  some  material  that  may  be  cut  short. 
This  should  be  done  at  once,  and  no  time  should  be  wTasted  in  trying  the  effects  of 
pressure  if  there  is  reason  to  believe  that  the  internal  jugular  has  been  wounded.  In 

1  Gaz.  de.s  Hop.  1855,  p.  35. 

2  In  Hennen's  Military  Surgery,  3rd  ed.  1829,  p.  368,  is  a  case  communicated  by  Dr. 
James  Johnson.  A  Malay  cut  his  comrade's  throat  while  asleep.  The  windpipe  was  divided, 
and  also  half  the  oesophagus.   The  sufferer  was  supported  by  enemata,  and  gradually  recovered. 
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not  a  few  instances  recovery  has  ensued  after  ligature  of  the  internal  jugular.  Three 
cases  with  such  result  have  come  under  my  own  care.  Agnew  1  gives  a  case ; 
Woodman  -  another ;  Morgan  3  gives  one  in  his  own  experience,  and  quotes  two 
others.  In  an  excellent  article  on  'Wounds  of  the  Internal  Jugular  Vein,'  Gross  4 
refers  to  43  cases  in  which  ligatures  were  applied,  and  only  four  of  which  terminated 
fatally.  Fischer  5  adds  19  cases,  which,  with  11  more  that  I  have  collected,  makes 
a  total  of  72  cases.  In  48  of  these  recovery  took  place.  But  in  most  of  these  the 
wounds  were  inflicted  during  surgical  operations  for  the  removal  of  tumours,  ifce., 
and  were  therefore  promptly  dealt  with  ;  on  the  other  hand,  in  each  of  20  cases  the 
carotid  artery  was  tied  at  the  same  time,  and  thus  the  risks  were  materially 
increased.  No  danger  of  serious  interference  with  the  return  of  blood  from  the 
brain  after  ligature  of  the  internal  jugular  need  be  apprehended/' 

If  one  of  the  large  veins,  as  the  jugular  or  subclavian,  should  be  slightly  or 
longitudinally  wounded  on  one  side,  it  may  be  better  to  close  the  opening  by  means 
of  a  fine  suture,  rather  than  to  ligature  the  whole  vessel.  Or  a  tenaculum  may  be 
passed  through  the  edges  of  the  opening  and  a  lateral  ligature  applied.  Cases  in 
which  this  proceeding  has  been  adopted  with  success  are  referred  to  by  Lsgouest.7 
Sands  narrates  an  interesting  case  in  which  he  applied  a  lateral  ligature  to  the 
internal  jugular  vein  wounded  during  an  operation.  In  this  case  it  was  necessary 
to  ligature  the  external  carotid  artery  at  the  time,  and  ten  days  afterwards  the 
internal  carotid  and  common  carotid  also,  on  account  of  recurrent  haemorrhage  from 
a  '  small  circular  clean-cut  ulceration  in  the  side  of  the  internal  carotid.'  The 
patient  recovered  without  any  further  unpleasant  symptoms.8 

Arterial  fuenwrrhage  demands  for  its  arrest  the  promptest  measures.  All  bleeding 
vessels  should  be  at  once  twisted  or  tied. 

In  wounds  of  the  carotids  or  their  principal  branches,  death  commonly  ensues 
before  surgical  aid  can  be  obtained. 

An  inmate  of  St.  George's  Hospital  committed  suicide  by  cutting  her  throat.  She  was 
almost  immediately  seen  by  the  house-surgeon,  hut  had  already  ceased  to  breathe,  and  was 
quite  pulseless.  There  was  a  deep  gash  in  the  throat,  dividing  the  left  common  carotid 
artery,  and  wounding  both  internal  jugular  veins. 

But  it  must  not  be  supposed  that  even  severe  wounds  of  the  carotids  are  of 
necessity  immediately  or  invariably  fatal.  Numerous  cases  to  the  contrary  are  on 
record.9 

If  in  a  case  of  wound  of  the  neck,  accompanied  by  free  arterial  bleeding,  assist- 
ance should  arrive  before  the  patient  is  dead,  pressure  should  be  at  once  applied  over 
the  wound  ;  or  the  finger  should  be  thrust  into  the  wound,  and  made  to  press  in 
the  direction  from  whence  the  bleeding  comes;  or  the  common  carotid  should  be 
compressed  against  the  transverse  processes  of  the  fifth  and  sixth  cervical  vertebra'. 
As  soon  as  practicable,  the  wounded  vessel  should  be  diligently  sought,  the  general 
wound  being  enlarged,  if  needful.  If  found,  the  vessel  must  be  secured,  both  above 
and  below  the  wound,  by  ligatures  cut  short,  or  by  torsion.  These  methods  have 
the  advantage  of  leaving  no  dangling  thi-eads  which  the  determined  suicide  may 
tear  out.  If,  as  sometimes  happens,  the  wounded  vessel  cannot  be  found  without 
more  prolonged  and  deeper  dissection,  it  may  be  justifiable  to  apply  a  ligature  at  once 
either  to  the  external  carotid,  or  to  the  common  carotid,  according  to  the  indication 
afforded.'0  Before  doing  so,  however,  it  should  be  ascertained  that  the  bleeding  is 
stopped  by  compressing  one  or  other  of  these  trunks. 

1  Op.  cit.  "  Brit.  Med.  Journ.  Oct.  18,  1873.  3  Amer.  Journ.  Md.  Set.  Vol.  xviii.  p.  330. 
1  Amcr.  Journ.  Med.  Sot.  January  and  April,  1867. 

5  Deutsche  Chiruri/.,  Lief.  34.    Billroth  and  Luecke,  Stuttgart,  1831. 

6  8ee  a  Paper  by  H.  Morris  on  a  Case  in  which  the  External  and  Internal  Jugulars  were 
ligatured,  Med.-Chir.  Trans,  vol.  Ixiii. 

'  7  Op.  cit  p.  428.  8  New  York  Med.  Journ.  quoted  Land.  Med.  Bee.  March  4,  1874. 

3  See  Taylor's  Medical  Jurisprudence,  1865,  p.  513.    Larrey,  Cliniq.  C/iir.  t.  ii.  p.  128. 
10  Le  Gros  Clark  refers  to  two  such  cases  under  his  care,  in  each  of  which  a  good  result 
was  obtained.    Op.  cit.  p.  222  j  see  Brit.  Med.  Journ.  Aug.  21,  lStic).    Also  Med.-Chir. 
Trims,  vol.  xxx.  p.  15. 
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The  results  of  ligature  of  the  common  carotid  on  account  of  haemorrhage  (primary 
or  secondary),  from  -wounds,  show  a  very  high  rate  of  mortality ;  but  the  extreme 
danger  of  the  conditions  under  which  the  operation  has  been  performed  in  most  such 
cases  must  be  duly  considered. 

Dr.  Pilz  1  in  his  analysis  of  586  cases  of  ligature  of  the  common  carotid  gives  44 
cases  of  punctured  and  incised  wounds  in  which  the  operation  was  performed.  In 
20  cases  recovery  ensued  ;  in  24,  death.  Out  of  85  cases  of  gunshot  wounds  and 
injuries  by  military  arms,  however,  only  31  resulted  in  recovery. 

In  his  more  recent  analysis  of  914  cases  of  ligature  of  the  common  carotid  (quoted 
by  Fischer  2)  Pilz  gives  335  cases  in  which  the  operation  was  performed  for  the  arrest 
of  haemorrhage.  In  157  (46  per  cent.)  of  these  recovery  took  place;  in  172  (51  per 
cent.)  death  ensued ;  and  in  6  the  result  remained  doubtful. 

During  the  American  war  the  common  carotid  was  ligatured  for  the  arrest  of 
haemorrhage  from  gunshot  or  other  wounds  116  times.  In  81  cases  death  ensued. A 
Norris  gives  30  cases  with  15  recoveries  and  15  deaths.4  Fischer  refers  to  30  cases 
which  occurred  during  the  Franco-German  war.  In  20  cases  (66  per  cent.)  death 
ensued.    Mr.  Harrison  Cripps  has  tabulated  50  cases,  28  of  which  proved  fatal.8 

Founding  his  argument  on  this  large  mortality  and  the  causes  to  which  it  is  to  be 
traced  (especially  the  effects  of  cutting  off  one  principal  supply  to  the  already  anaemic 
brain),  Mr.  Cripps  argues  strongly,  and  I  believe  rightly,  in  favour  of  ligaturing  the 
external  rather  than  the  common  carotid  for  the  arrest  of  haemorrhage  in  wounds  of 
the  neck  and  throat  in  which  the  bleeding  vessel  cannot  be  discovered,  and  '  after  all 
simpler  means  have  been  tried  in  vain.'  Adding  three  cases  of  his  own  to  the  27 
mentioned  by  M.  Guyon,6  he  refers  to  30  cases  of  ligature  of  the  external  carotid, 
in  only  one  of  which  secondary  haemorrhage  occurred ;  and  in  none  of  the  fatal 
cases  did  it  appear  that  death  was  due  to  causes  attributable  to  the  operation. 

Madelung  gives  60  cases  of  ligature  of  the  external  carotid,  with  only  7  deaths 
(11  per  cent.)  In  one  case  alone  does  it  appear  that  death  resulted  from  the 
operation. 

Lacerated  and  punctured  wounds  involving  the  carotid  arteries  are  less  likely  to 
prove  immediately  fatal  than  incised  wounds.  Ample  time  for  tying  the  vessel  is 
sometimes  afforded,  arid  this  should  be  done  both  above  and  below  the  wound,  other- 
wise haemorrhage,  though  temporarily  arrested,  is  almost  certain  to  recur. 

Abernethy  has  related  a  case  in  which  the  internal  carotid,  and  all  the  branches  in  front 
of  the  external  carotid,  were  wounded  in  a  man  who  was  gored  in  the  neck  by  a  cow. 
Death  did  not  directly  follow,  and  there  was  time  to  have  recourse  to  the  ligature.7 

A  remarkable  case  of  punctured  wound  of  the  carotid  came  under  my  observation  some 
years  ago.  A  little  girl,  seven  years  of  age,  was  playing  in  the  room  where  her  father  was 
preparing  hydrogen  gas.  An  explosion  took  place,  and  a  triangular  portion  of  one  of  the 
glass  bottles  was  driven  into  her  neck.  Profuse  haemorrhage  immediately  occurred,  but 
whether  venous  or  arterial  could  not  be  made  out  from  the  description  given.  A  piece  of 
lint  was  applied,  and  she  was  brought  up  from  Greenwich  and  admitted  to  Guy's  Hospital, 
under  the  care  of  Mr.  Hilton.  On  admission  the  child  was  cold  and  blanched,  with  feeble 
pulse  ;  but  bleeding  had  entirely  ceased.  There  was  a  wound  about  an  inch  in  length  in  the 
left  carotid  region.  On  the  eighth  day  after  the  accident,  haemorrhage  recurred,  and  the 
common  carotid  was  tied.  Nine  days  later  bleeding  to  a  slight  extent  took  place,  but  was 
arrested  by  plugging  the  wound  with  a  sponge.  Repeated  epistaxis  occurred  during  the 
following  days,  and  weakened  the  child  perceptibly.  The  sponges  became  very  offensive ; 
bnt  there  was  no  further  bleeding  from  the  wound  for  eighteen  days.  Then  a  considerable 
quantity  of  blood  was  lost.  The  child  gradually  sank  and  died  ten  days  later,  or  rather 
more  than  six  weeks  after  the  accident.  On  dissection,  the  common  carotid  was  found  to 
have  been  punctured  in  front  and  behind.  The  sharp  point  of  the  fragment  of  glass  must 
have  traversed  the  interior  of  the  artery.  Behind  the  wounded  vessel  was  an  abscets  impli- 
cating the  sympathetic  nerve.  If  a  ligature  had  been  applied  on  the  distal  as  well  as  on  the 
proximal  side  of  the  wound,  the  child's  life  might  have  been  saved. 

l'  Dr.  Pilz,  Archiv  f.  Klinische  Chirurgie,  ix.  1868.  Schmidt's  Jahrbi'tcher,  No.  7,  1868. 
Quoted  in  Half- Yearly  Abstract,  1868.  2  Op.  cit.  p.  59. 

3  Surgical  History  of  the  War  of  the  Rebellion,  vol.  i. 

4  Contributions  to  Practical  Surgery.    Quoted  in  Agnew,  op.  cit. 

6  Med.-Chir.  Trans,  vol.  lxi.  6  Mem.  de  la  Soc.  de  Chirurgie,  vol.  vi. 

7  Surgical  Works,  vol.  ii. 
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Instances  of  wounds  of  the  carotid  not  proving  fatal  have  been  recorded  from 
time  to  time.'  Lirrey  narrates  the  case  of  Arrighi,  afterwards  Duke  of  Padua, 
whose  carotid  was  torn  by  a  bullet.  A  soldier  near  put  his  finger  into  the  wound, 
and  stayed  the  bleeding  until  Larrey's  aid  was  obtained.2 

Butcher  has  recently  published  a  remarkable  case  of  suicidal  wound  of  the  throat 
implicating  the  common  carotid  artery  in  which  he  successfully  ligatured  the  vessel 
above  and  below  the  wound,  and  the  patient  made  a  perfect  recovery.3 

2.  In  wounds  of  the  neck  which  involve  the  air  passage,  death  is  almost  as 
likely  to  result  from  suffocation  as  from  loss  of  blood,  To  remove,  therefore,  or  to 
obviate  as  far  as  possible  any  impediment  to  free  respiration,  may  require  as  much 
promptitude  and  skill  on  the  part  of  the  surgeon  as  the  arrest  of  haemorrhage.  It 
may  be  necessary,  without  a  moment's  delay,  to  clear  clots  of  blood  from  the  back  of 
the  mouth  or  pharynx,  or  to  resort  to  artificial  respiration  to  aid  the  expulsion  of 
blood,  or  even  to  suck  it  from  the  trachea.  It  is  very  rarely,  however,  that  any 
such  measures  can  be  carried  out  in  time  to  be  of  avail ;  unless,  indeed,  as  some- 
times happens,  the  occasion  should  arise  during  the  performance  of  a  surgical 
operation. 

If  a  portion  of  the  divided  tongue  should  impede  respiration,  it  must  be  at  once 
drawn  forwards,  and  prevented  from  again  being  retracted  or  falling  back  by  means 
of  ligatures  passed  through  it.  This  was  successfully  accomplished  in  a  case  of  cut 
throat,  under  the  care  of  Mr.  Cock,  in  Guy's  Hospital. 

If  a  severed  portion  of  the  epiglottis  should  hang  loose,  it  may  be  removed ;  or 
an  attempt  may  be  made  to  secure  it  in  position  by  fine  sutures.  The  former  is  pro- 
bably the  safer  plan,  being  less  likely  to  be  followed  by  dangerous  inflammation  and 
oedema  about  the  entrance  to  the  larynx.  Numerous  instances  have  shown  that  the 
loss  of  a  portion  of  the  epiglottis,  whether  by  injury  or  disease,  does  not  necessarily 
entail  any  serious  consequences. 

3.  When  all  bleeding  has  ceased,  and  no  immediate  hindrance  to  respiration 
exists,  the  cut  surfaces  of  the  wound  should  be  brought  together.  This  may  gener- 
ally be  accomplished  effectively,  and  with  the  greatest  safety,  by  putting  the  head 
and  neck  into  proper  position.  The  patient  being  in  bed,  the  shoulders  should  be 
well  raised  by  pillows,  and  the  head  and  neck  bent  forward  so  far  as  may  be  neces- 
sary to  keep  the  surfaces  of  the  wound  in  good  apposition,  without  impeding  respira- 
tion. But  in  some  cases  the  patient  is  absolutely  unable  to  breathe  except  through 
the  wound  ;  and  any  attempt  to  bring  the  parts  closely  together  involves  the  risk  of 
suffocation.  To  maintain  the  head  in  position,  bandages  may  be  passed  from  each 
side  of  a  firm  nightcap  to  a  roller  applied  round  the  chest ;  or  sand-bags  may  be 
arranged  on  each  side  of  the  head  and  neck. 

As  a  general  rule,  neither  sutures  nor  adhesive  plaisters  should  be  used.  They 
are  at  best  needless  in  most  cases,  for  primary  union  can  rarely  be  expected.  In- 
directly, they  may  in  various  ways  prove  sources  of  danger.  For  example,  if  the 
edges  of  the  wound  are  closely  united,  and  bleeding  should  recur,  the  blood,  instead 
of  escaping  externally,  may  trickle  into  the  air  passage,  and  accumulating  there  may 
cause  suffocation.  This  is  especially  liable  to  occur  while  the  patient  is  insensible, 
or  faint  from  loss  of  blood,  and  unable  to  make  the  necessary  effort  to  expectorate. 
At  a  later  period  purulent  discharges,  if  they  cannot  find  free  exit  externally,  may 
pass  into  the  air  passage,  or  otherwise  give  rise  to  serious  trouble.  Again,  inflam- 
mation and  oedema  of  the  neighbouring  parts  and  of  the  mucous  membrane  of  the 
larynx  may  ensue.  Under  such  circumstances  viscid  mucus  collects,  and,  if  it 
cannot  be  expelled  through  the  wound,  obstructs  the  air  passages,  and  increases  the 
existing  difficulty  of  breathing.  Lastly,  closure  of  the  external  wound  by  sutures  is 
liable  to  be  followed  by  emphysema.  In  some  cases,  however,  both  plaisters  and 
sutures  may  be  employed  with  safety  and  advantage,  at  a  period  when  the  surfaces 
are  healthily  granulating.    Indeed,  Nelaton 4  recommends  under  such  circumstances 


1  See  Lond.  Med.  Gaz.  vol.  viii.  p.  250.    Nouveau  Diet,  de  Med.  et  de.  Chir.  art.  Carotide. 

2  ('Unique  Chirurr).  t.  ii.  p.  128.  :!  Reports  in  Operative  Surgery,  Nov.  1881, 
4  Elements  de  Pabholoffie  Chiniryicale,  t.  iii.  p.  340. 
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the  insertion  of  several  sutures  in  all  cases,  in  order  to  prevent  the  turning  in  of  the 
edges,  and  to  avoid  the  risk  of  a  permanent  fistula.  But  it  sometimes  happens  that 
the  discharges  become  confined,  or  great  pain  is  occasioned,  and  the  sutures  have  to 
be  removed ;  or  they  may  be  torn  out  during  the  violent  coughing  which  so  com- 
monly occurs. 

In  certain  exceptional  cases  sutures  may  be  necessary  from  the  first.  Thus,  if 
the  cartilages  of  the  larynx  are  cut  in  several  places,  and  the  different  pieces  are 
much  separated  from  each  other,  they  may  be  brought  together  by  one  or  more 
sutures  passed  through  the  cellular  tissue  and  perichondrium  covering  them,  or  even 
through  the  cartilaginous  substance,  but  the  mucous  membrane  should  not  be  pene- 
trated. If  complete  division  has  been  effected  between  the  thyroid  and  cricoid 
cartilages,  and  these  parts  are  separated  from  each  other,  one  or  two  sutures  may  be 
used  to  approximate  them.  And  if  the  trachea  is  completely  divided  across,  it  may 
be  desirable  to  have  recourse  to  one  or  more  sutures.  In  all  such  cases  it  is  better  to 
wait  for  a  time  after  the  divided  portions  of  the  air  tube  have  been  sutured,  in  order 
to  judge  of  the  effect  produced,  before  attempting  to  close  the  external  wound. 
Excellent  results  have  been  obtained  from  time  to  time  from  this  method  of  treat- 
ment.1 Albanese,  whose  experience  in  the  treatment  of  wounds  has  been  very 
extensive,  would  appear  to  advocate  the  immediate  application  of  sutures  in  all  cases 
of  wounds  of  the  trachea.2  If  sutures  have  been  used,  they  must  be  instantly 
removed  if  respiration  should  become  obstructed,  or  if  the  cellular  tissue  around  the 
wound  become  emphysematous. 

The  patient  should  be  surrounded  by  a  moderately  warm  and  moist  atmosphere, 
and  the  wound  lightly  covered  by  a  strip  of  wet  lint  or  linen  to  prevent  the  entrance 
of  dust,  &c.  A  skilful  nurse  should  be  in  constant  attendance  to  prevent  any  mis- 
chievous attempt  or  movement  on  the  part  of  the  patient,  and  to  clear  away  the 
blood  and  mucus  that  may  from  time  to  time  collect  in  the  wound.  Expectoration, 
if  very  difficult,  may  be  rendered  easier  by  closing  the  wound  with  the  fingers  at  the 
moment  the  effort  is  made. 

Every  means  should  be  adoj)ted  to  favour  granulation  and  cicatrisation  of  the 
wound. 

The  respiration  should  be  carefully  watched.  Difficulty  of  breathing  may  arise 
at  any  period  from  one  or  other  of  the  various  causes  already  specified,  and  require 
immediate  relief.  Care  should  especially  be  taken  to  allay  as  far  as  possible  all 
symptoms  indicating  incipient  inflammation  of  the  laiynx  or  trachea.  Such 
symptoms  may  arise  very  soon  after  the  infliction  of  the  injury. 

If  suffocation  impends,  and  is  not  once  relieved  by  clearing  out  or  enlarging  the 
wound,  or  by  introducing  a  tracheotomy  cannula  through  it,  a  fresh  opening  into  the 
air  passage  must  be  made  below  the  wound,  and  a  cannula  inserted.  Some  surgeons 
consider  that  tracheotomy  may  be  advantageously  performed  in  any  case  of  extensive 
transverse  wound  involving  the  air  passage,  as  soon  as  all  haemorrhage  has  ceased, 
and  the  shock  of  the  injury  has  been  recovered  from.  When  this  has  been  done,  the 
edges  of  the  wound  may  be  united  without  risk  of  suffocation ;  such  a  course  is 
especially  likely  to  be  useful  in  cases  in  which  the  laryngeal  cartilages  have  been 
injured  and  separated  into  two  or  more  portions.  After  the  wound  is  healed,  the 
cannula  may  be  withdrawn,  and  the  opening  in  the  trachea  closed. 

Bronchitis,  as  already  stated,  very  often  occurs,  and,  if  unchecked  is  soon 
followed  by  pneumonia  or  pleurisy.  Every  care  must  be  taken  to  obviate  this 
source  of  danger  by  regulating  the  temperature  and  moisture  of  the  atmosphere 
about  the  patient,  and  by  preventing  the  ingress  of  irritating  discharges,  and 
favouring  their  expectoration. 

When  the  pharynx  or  oesophagus  is  laid  open,  and,  especially  when  the  latter 
tube  is  completely  divided,  great  separation  of  the  edges  of  the  wound  takes  place 
during  swallowing,  and  the  ingesta  partially  or  entirely  escape  through  the  wound. 

1  Prestal,  Bull,  de  la  Sop.  de  Chir.  1869,  p.  327. 

2  See  Transactions  International  Medical  Congress,  1881,  vol.  ii.  p.  436.  Blessures  a. 
VArme  Blanche. 
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In  such  case,  the  elastic  tube  of  a  stomach-pump,  or  a  common  elastic  or  india- 
rubber  catheter  of  large  size,  should  be  used  to  convey  nourishment  to  the  stomach. 
The  tube  should  be  introduced  through  the  mouth — not  through  the  nose,  as  some 
surgeons  have  recommended — and  passed  into  the  oesophagus  a  short  distance  beyond 
the  wound.  It  may  be  used  two  or  three  times  daily.  The  tube  should  on  no 
account  be  passed  through  the  wound  ;  for,  if  this  be  done,  union  is  very  seriously 
interfered  with.  Before  any  fluid  nourishment  is  poured  through  it,  care  should  be 
taken  to  ascertain  that  the  tube  has  not  been  passed  into  the  trachea.  This  may  be 
ascertained  by  placing  a  lighted  taper  at  the  end  of  the  tube,  and  observing  if  the 
flame  is  affected.  It  sometimes  happens  that  the  introduction  of  the  tube  is  very 
distressing  to  the  patient,  and  produces  much  irritation  about  the  wound  :  under 
these  circumstances,  nutrient  enemata  must  be  administered.  When  swallowing  is 
again  attempted,  the  patient  should  be  directed  to  lean  somewhat  backwards,  and  to 
swallow  small  portions  very  slowly. 

The  general  condition  of  the  patient  is  often  such  as  to  require  the  most  careful 
management,  and  to  occasion  the  gravest  anxiety.  In  some  cases  there  is  low 
muttering,  in  others  furious  delirium,  consequent  upon  habits  of  intemperance. 
Sometimes  periods  of  intense  excitement  are  followed  by  corresponding  periods  of 
exhaustion.  Sometimes  unvaried  depression  and  despondency  prevail.  Such 
symptoms  may  prove  more  difficult  to  combat  than  most  of  those  more  directly 
associated  with  the  effects  of  the  wound  ;  and,  when  they  occur,  speedy  death  too 
often  results,  even  in  cases  in  which  the  injury  indicted  has  been  comparatively 
trifling. 

As  a  general  rule,  the  patient  should  not  be  kept  low.  Plenty  of  nutritious 
food,  and  wine  or  spirits,  must  be  given,  according  to  the  circumstances  of  the  case, 
due  care  being  taken  not  to  over-stimulate.  The  danger  of  exciting  inflammation 
by  food  and  stimulants  is  less  than  the  risk  that  the  patient  may  sink  exhausted 
from  want  of  sufficient  nutriment.  Opiates  are  often  very  useful  in  allaying  restless- 
ness, and  affording  relief  from  pain. 

Exuberant  granulations  obstructing  the  air  passage  have  already  been  referred 
to  as  occasionally  becoming  developed  around  the  wound.  Such  granulations  are 
sometimes  met  with  in  cases  of  tracheotomy.  They  are  best  treated  by  the  repeated 
application  of  solid  nitrate  of  silver.  In  some  instances  it  may  be  necessary,  if 
practicable,  to  open  the  trachea  lower  down. 

Constrictions  of  the  larynx  or  trachea  occurring  during  cicatrisation,  or  from 
subsequent  contraction,  may  render  necessary  the  performance  of  tracheotomy.  After 
this  has  been  done,  the  constrictions,  in  some  cases,  may  be  dilated  by  the  passage 
of  bougies.  In  other  cases,  the  use  of  the  knife,  or  some  specially  devised  cutting  or 
dilating  instrument,  is  also  required.  Several  remarkable  instances  have  been 
published,  in  which  more  or  less  successful  results  have  been  obtained.1 

Laryngeal  and  tracheal  fistulas. — Fistulous  openings  occasionally,  though  very 
rarely,  remain  after  general  healing  has  taken  place.  They  are  most  likely  to  result 
in  cases  in  which  considerable  portions  of  the  air-tube  have  been  destroyed,  as  in 
gunshot  wounds,  or  in  which  constrictions  have  occurred  higher  up.  If  no  constric- 
tion exist,  or  after  any  previously  existing  constriction  has  been  satisfactorily  dilated, 
the  fistula  may  generally  be  closed  by  paring  the  edges  and  bringing  them  together. 
Sometimes  it  may  be  necessary  to  detach  the  skin  from  the  deeper  structures  to  some 
slight  extent  round  the  opening,  or  to  make  lateral  incisions  to  facilitate  the  drawing 
together  of  the  margins.  The  sutures  should  be  pretty  close,  and  should  include  so 
much  tissue  as  to  render  the  occurrence  of  emphysema  improbable.  After  the 
operation,  gentle  pressure  should  be  applied,  especially  during  coughing.  In  the 
case  of  a  very  large  opening,  skin  may  be  taken  from  the  most  convenient  neigh bour- 

1  ListoH,  Edinb.  Med.  and  Surg.  Jowrn.  No.  xciv.  p.  118,  and  Elements  of  Surgery,  2nd 
ed.  p.  435.    llorteloup,  Op.  cit.  p.  123.    See  the  Essay  on  Diseases  of  the  Larynx,  vol.  ii. 


WOUNDS  IN  THE  SIDE  AND  BACK  OF  NECK. 


743 


Jng  part,  and  adapted  as  may  be  requisite.  No  operation  of  this  kind  should  ever 
be  attempted  until  it  lias  been  absolutely  ascertained  that  respiration  will  not  be 
impeded  by  closure  of  the  fistula.1 

Paralysis  from  injuries  to  nerves. — The  large  nerves  are  more  liable  to  be  in  jured 
in  wounds  of  the  lateral  regions  of  the  neck,  but  wounds  indicted  in  front  sometimes 
reach  important  trunks  or  branches  and  permanent  paralysis  of  the  parts  supplied 
may  result  even  if  life  is  preserved. 

Lefferts  records  an  interesting  case  in  which  the  light  recurrent  laryngeal  was 
believed  to  have  been  divided.  A  woman  became  aphonic  immediately  on  receipt 
of  a  stab  directed  inwards  from  the  anterior  border  of  the  sterno  mastoid.  On 
laryngoscopic  examination  four  months  after  the  injury,  absolute  paralysis  of  the 
muscles  of  the  l  ight  vocal  cord  was  recognised — '  the  cord  being  in  cadaveric  position.' 

It  is  probable  that  in  some  of  the  cases  in  which  both  trachea  and  oesophagus 
have  been  cut  through,  the  aphonia  which  has  remained  after  general  recovery  may 
have  been  due  to  division  of  one  or  other  of  the  recurrent  laryngeals. 

2.  Wounds  in  the  Lateral  Regions  of  the  Neck. 

Wounds  in  these  regions  are  almost  always  either  accidental  or  homicidal  in 
origin.  For  the  most  part  they  are  inflicted  by  the  assassin's  dagger,  which  too  often 
is  plunged  with  fatal  effect  into  the  root  of  the  neck.  Such  wounds  are  very 
dangerous,  from  their  liability  to  implicate  the  great  vessels  and  important  nerves. 
Occasionally,  the  blood-vessels  and  nerves  and  other  important  structures  escape  in 
an  almost  marvellous  manner.  An  excellent  illustration  is  afforded  by  a  case  recently 
under  the  care  of  Mr.  Davies  Colley  in  Guy's  Hospital.  A  boy,  fourteen  years  of  age, 
fell  upon  the  point  of  a  walking  stick  which  he  was  carrying  in  his  hand.  It  went 
completely  through  his  neck  from  side  to  side,  entering  in  front  of  the  sterno  mastoid 
and  carotid,  and  emerging  behind  the  great  vessels  and  through  the  sterno  mastoid  of 
the  other  side.  In  its  course  it  must  have  passed  between  the  spine  and  back  of  the 
pharynx.  The  stick  was  drawn  out  by  a  surgeon.  No  ill  result  followed,  and  the 
boy  left  the  hospital  epiite  well  in  eighteen  days. 

Gross  records  the  case  of  a  young  man  who  was  stabbed  in  the  neck  by  a  long 
narrow  knife.  The  oesophagus,  trachea,  and  great  vessels  escaped.  But  the  right 
upper  extremity  became  immediately  palsied.  General  recovery  took  place,  but  the 
paralysis  remained,  and  wasting  of  the  limb  ensued.2  Numerous  more  or  less  similar 
cases  are  on  record. 

Sometimes  the  upper  part  of  the  cavity  of  the  chest  is  penetrated  and  the  lung 
wounded.  Recovery  may  take  place,  however,  even  though  the  lung  has  been 
wounded.  A  case  of  this  kind  came  under  the  care  of  Mr.  Birkett,  in  Guy's 
Hospital.  A  stab  from  above  the  clavicle  implicated  the  lung  ;  there  was  emphysema, 
but  little  or  no  bleeding.    The  patient  made  a  good  recovery. 

3.  Wounds  in  the  Back  of  the  Neck. 

Such  wounds  are  less  likely  to  prove  dangerous  to  life  than  those  in  front.  But 
it  has  been  stated  that  they  '  often  produce  a  palsied  condition,  and  frequently  a 
wasting  of  the  lower  limbs.'  '  Wasting  of  the  testicle  and  loss  of  the  generative 
power  '  are  also  said  to  have  been  observed.3  It  is  difficult  to  obtain  good  evidence 
in  support  of  these  statements,  and  it  is  probable  that  they  apply  only  to  cases  in 
which  the  spinal  canal  has  been  penetrated,  or  in  which  the  cerebellum  has  been 
injured  by  the  blow  or  shock. 

M.  Legouest  saw  in  Algeria  many  cases  in  which  very  deep  transverse  wounds  in 
the  back  of  the  neck  had  been  made  by  the  Arabs  in  their  attempts  to  decapitate 


1  See  an  excellent  case  by  M.  Le  Fort,  full  details  of  which  are  given  by  Horteloup,  Op. 
cit.  p.  1*27  et  seq.  2  System  of Surgery \  vol.  ii.  p.  423. 

3  Chelius,  System  of  Surgery.    Translated  by  South,  vol.  i.  p.  437. 
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the  soldiers  who  had  fallen  into  their  hands.1  'The  results  were  satisfactory,  in 
spite  of  the  size  and  thickness  of  the  cicatrices  ; '  and  no  such  effects  as  those  above 
alluded  to  appear  to  have  been  produced. 

A  deep  wound  in  the  upper  part  of  this  region,  especially  if  made  when  the  head 
is  bent  forwards,  may  penetrate  between  the  occiput  and  atlas,  or  between  the  atlas 
and  axis,  and  implicate  the  spinal  cord  or  its  membranes.  There  is  no  other  part  in 
which  the  cord  can  be  so  easily  reached  by  a  pointed  or  cutting  instrument ;  nor  is 
there  any  in  which  a  wound  of  the  cord  is  so  likely  to  prove  speedily  fatal. 

When  the  cord  is  wounded,  sensation  and  the  power  of  voluntary  motion  are 
instantly  lost,  to  an  extent  corresponding  to  the  injury  inflicted.  A  flow  of  cerebro- 
spinal fluid  from  the  wound  also  occurs.  This  is  often  considerable,  and  sometimes 
continues  for  several  days.  Cases  have  happened  in  which  the  spinal  membranes 
have  been  cut,  but  the  cord  has  escaped  almost  intact.  In  such  cases,  an  escape  of 
cerebro-spinal  fluid  has  been  observed. 

M.  Laugier2  refers  to  instances  of  infanticide  accomplished  by  means  of  a  long 
needle  passed  between  the  atlas  and  axis  into  the  cord. 

Wounds  of  the  cord  or  its  membranes  in  this  region  are  extremely  dangerous  from 
their  immediate  effects  as  well  as  from  the  subsequent  inflammation  liable  to  be  set 
up.  But  death  is  not  invariabty  the  result.  Cases  are  on  record  in  which  life  has 
been  preserved,  but  in  which  there  has  been  permanent  paralysis  of  various  parts.3 
Morgagni  relates  the  instance  of  a  young  man  who  was  stabbed  in  the  neck,  three 
fingers'  breadth  below  the  ear.  He  fell,  deprived  of  sensation  and  motion  in  all  parts 
of  the  body  below  the  head ;  but  at  the  end  of  four  months  he  recovered  the  power 
of  walking.4 

Albanese  5  records  a  case  in  which  two-thirds  of  the  spinal  cord  were  cut  through 
at  the  base  of  the  alto-axoid  articulation  by  a  fine-pointed  weapon,  which  penetrated 
the  vertebral  canal  between  the  first  and  second  cervical  vertebrae.  The  patient 
lived  fifty-seven  days,  and  then  died  of  tetanus.  The  wound  was  completely  cica- 
trised, and  the  movements  of  the  body  were  partially  re-established. 

A  deep  punctured  wound  behind  and  below  the  ear  may  implicate  the  vertebral 
artery.  A  case  of  this  kind  is  recorded  in  which  a  false  aneurism  was  formed  :  this 
led  to  the  death  of  the  patient  some  months  after  the  injury.6 

In  the  treatment  of  deep  wounds  of  the  back  of  the  neck,  especially  if  the  muscles 
have  been  extensively  divided,  attention  to  position  is  of  very  great  importance. 
The  patient  should  lie  upon  one  side,  with  his  head  in  the  same  longitudinal  plane 
as  his  body,  but  inclined  somewhat  backwards.  The  head  should  be  supported  and 
firmly  fixed  by  means  of  sand-bags,  or  bandages,  or  some  special  apparatus  ;  otherwise 
its  natural  tendency  to  fall  forwards  may  cause  separation  of  the  lips  of  the  wound, 
or  even  give  rise  to  some  degree  of  tension,  or  pressure  upon  the  spinal  cord. 
Sutures  and  adhesive  plaister  may  be  used,  according  to  circumstances,  to  aid  the 
closure  of  the  wound  ;  but  in  most  cases  '  position  '  affords  the  best  means  of  alleviat- 
ing the  pain  and  promoting  favourable  cicatrisation. 

Gunshot  Wounds  of  the  Neck. 
Gunshot  wounds  of  the  neck  form  a  comparatively  small  proportion  of  the 
wounds  inflicted  in  warfare,  and  in  civil  practice  they  are  very  rarely  met  with. 
They  are  dangerous  both  from  their  immediate  and  after  effects.  Out  of  a  total  of 
408,072  wounded  during  the  American  War  of  the  Rebellion,  only  4,89;")  (1-2  per 
cent.)  are  enumerated  as  having  suffered  from  gunshot  wounds  of  the  neck,  but  of 
these  570  were  known  to  have  died  (a  positive  mortality  of  15  per  cent.),  and  the 
results  in  780  cases  were  unknown.  The  statistics  quoted  by  Fischer  7  relating  to 
recent  European  war  experiences  afford  corresponding  evidence. 

1  Op.  cit.  p.  407.  2  Op.  rit. 

3  Lon<ret,  Anat.  du  Systhne.  nerveux,  vol.  i.  Diet.ionnnire  Encyclopidique  des  Sciences 
MSdicales,  t.  vii.  p.  70. 

4  Quoted  in  Did in nnn ire  Em:  (30  vol.")  art.  Cou. 

5  Guzetta  Clinica  do  Palermo,  1870.  Trans.  Interned.  Med.  Con;/.  London,  1881,  p.  437. 
0  Archives  Genendes,  2e  sene,  t.  v.  p.  Iu8.  7  Op.  lit.  p.  88. 
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The  manner  in  which  the  air  and  food  tubes,  and  also  the  great  blood-vessels,  often 
escape  being  injured  by  bullets  entering,  and  even  traversing,  the  neck  is  very 
remarkable,  and  has  long  been  matter  of  observation  among  military  surgeons.  It  is 
worthy  of  note  that  the  air  tube  was  wounded  in  only  82  out  of  the  4,895  cases 
above  mentioned  :  (the  larynx  in  33,  the  trachea  in  45,  and  both  larynx  and  trachea 
in  4  cases),  and  the  pharynx  or  oesophagus  was  wounded  in  only  31  cases.  Such 
comparative  immunity  is  probably  to  be  attributed  to  the  conformation,  elasticity, 
and  free  mobility  of  these  structures,  rather  than  to  any  '  faculty  of  deflecting  bullets  ' 
possessed  by  them,  as  has  been  suggested.1 

The  great  nerve-trunks  and  some  important  branches  appear  to  be  liable  to 
suffer  comparatively  frequently  in  deep  gunshot  wounds  of  the  neck.  In  such 
event,  more  or  less  complete  paralysis  of  the  parts  supplied, — as  the  tongue,  the 
larynx,  the  muscles  of  the  neck,  the  upper  extremity,— and  sometimes  neuralgic  pain 
of  very  severe  character,  result ;  either  as  the  immediate  effect  of  the  damage  clone, 
or  subsequently,  hi  consequence  of  inflammatory  thickening,  or  the  continued 
pressure  of  the  lodged  missile. 

In  r  egard  to  the  treatment  of  gunshot  wound  of  the  neck,  little  need  be  added  to 
what  has  been  already  advanced  in  regard  to  the  treatment  of  wounds  otherwise 
produced,  unless  it  be  to  insist  upon  the  importance  of  the  removal  of  any  missile  or 
foreign  body  carried  in,  that  may  be  remaining  in  the  wound,  as  early  as  practicable. 
In  this  region  diffuse  cellular  inflammation  and  suppuration  are  especially  liable  to  be 
set  up  and  spread  ;  and  any  foreign  body,  particularly  a  heavy  one,  may  easily  move 
into  a  position  where  it  may  become  a  source  of  extreme  danger,  or  great  suffering. 

Injuries  of  the  Pharynx  and  Oesophagus  from  Within. 

The  pharynx  and  oesophagus  may  be  wounded  from  within  by  sharp-pointed 
instruments,  or  other  foreign  substances  thrust  into  the  mouth. 

If  in  an  injury  of  this  kind  the  side  of  the  pharynx  is  penetrated,  dangerous 
or  even  fatal  consequences  may  arise  from  implication  of  one  of  the  larger  vessels. 

The  following-  case  illustrates  this  form  of  injury,  and  the  treatment  it  may  be 
necessary  to  adopt.  A  boy,  aged  7,  fell  while  holding  the  sharp  end  of  a  parasol  in  his 
mouth.  The  point  was  forcibly  thrust  to  the  back  of  the  fauces,  and  very  nearly  made  its 
reappearance  through  the  skin  at  the  side  of  the  neck.  Considerable  haemorrhage  took  place 
at  once,  and  recurred  at  night.  About  the  seventh  or  eighth  day  a  slough  came  from  the 
interior  of  the  mouth,  and  arterial  hemorrhage  to  the  extent  of  about  five  ounces  occurred. 
The  bleeding  was  stopped  by  pressure  applied  externally,  and  the  boy  was  soon  afterwards 
brought  to  St.  George's  Hospital.  On  examination,  a  swelling  about  as  large  as  half  a  hen's 
egg  was  found  below  and  a  little  behind  the  left  ear,  and  the  skin  for  some  distance  around 
was  discoloured,  as  from  extravasation  of  blood.  Huctuation  was  detected  on  the  summit 
of  the  swelling.  This  being  opened,  pus  with  much  blood  clot  escaped,  but  no  haemorrhage 
ensued.  Two  days  afterwards  a  gush  of  arterial  blood  followed  a  fit  of  coughing.  Mr.  H.  0. 
Johnson  cut  down  upon  and  tied  the  common  carotid  artery.  No  unfavourable  consequences 
ensued.  Nine  days  afterwards  the  ligature  was  found  loose;  it  soon  came  away.  The 
wound  healed ;  and  twenty-seven  days  after  the  operation  the  child  was  discharged  in  a  very 
favourable  state. 

In  some  cases  portions  of  food  or  other  contents  of  the  pharynx  may  pass  through 
the  wound  and  set  up  inflammation,  followed  by  abscess.2  In  other  cases  fragments 
of  the  foreign  substance  which  has  produced  the  wound  may  be  broken  off,  and 
remain  impacted,  and  give  rise  to  similar  results.3  {See  chapter  on  Foreign  Bodies, 
pp.  783  and  786.) 

Slight  wounds  of  the  oesophagus,  such  as  may  be  produced  during  the  passage  of 
hard,  sharp  substances  towards  the  stomach,  usually  heal  without  serious  symptoms. 
Dangerous  consequences,  however,  may  ensue  if  a  wound  of  this  portion  of  the 
gullet  is  accompanied  by  a  severe  injury  of  neighbouring  parts,  as  is  shown  by  the 
following  case,  related  by  Dr.  Parkes.4 

1  Gross,  Op.  tit.  vol.  ii.  p.  384.  2  See  C.  H.  Moore,  Lancet,  1804,  vol.  ii.  p.  287. 

3  See  Vincent,  Med.-Chir.  Trans,  vol.  xxix.  p.  38.    Larrey,  Oiaique  Chir.  t.  ii.  p.  134. 

4  Path.  Trans.  London,  1848-9,  p.  40. 
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A  young;,  healthy,  athletic  jupgler,  on  the  evening  of  January  24,  was  exhibiting  the 
trick  of  swallowing  a  sword,  made  of  iron,  about  two  feet  long,  three-quarters  of  an  inch 
broad,  and  round  and  blunt  at  the  end.  When  he  had  passed  the  sword  nearly  to  the  root 
of  the  neck,  he  felt  it  strike  against  some  obstacle,  past  which  be  violently  pushed  it.  He 
immediately  withdrew  the  sword,  gave  a  sudden  leap  into  the  air,  then  fell  and  fainted. 
When  be  recovered,  be  vomited  violently.  The  vomited  matters  consisted  of  the  contents  of 
the  stomach,  without  the  slightest  tinge  of  blood.  Intense  pericarditis,  marked  by  charac- 
teristic symptoms,  came  on  forty  minutes  after  the  accident,  and  be  died  in  the  evening  of 
the  second  day.  The  sword  had  penetrated  the  anterior  wall  of  the  oesophagus  five  and  a 
half  inches  below  the  pb an  nx,  and  passed  into  the  pericardium.  Lymph  was  effused  over 
the  whole  parietal  and  visceral  pericardium.  The  important  blood-vessels  and  other  organs 
in  the  neighbourhood  were  uninjured. 

In  some  instances  the  walls  of  the  oesophagus  have  been  perforated  by  the  sur- 
geon, while  attempting  to  pass  a  bougie  or  tube,  in  certain  diseased  conditions  of  the 
parts.  In  some  such  cases  the  instrument  has  passed  into  the  mediastinum;  in 
others,  even  into  the  pleural  cavity. 

In  all  cases,  in  which  there  is  reason  to  suspect  the  existence  of  any  serious 
internal  wound  of  the  gullet,  solid  food  should  be  interdicted,  and  only  the  blandest 
fluids  swallowed.  Indeed,  it  may  be  better  that  no  attempt  to  swallow  should  be 
made  until  time  has  been  allowed  for  healing  to  take  place  to  a  certain  extent. 

Lurrey  records  a  remarkable  case  in  which  a  partially  cicatrised  wound  of  the 
oesophagus  was  burst  open  by  solid  food  which  escaped  into  the  thoracic  cavity.1 

Rare  instances  are  on  record  in  which  the  oesophagus  has  been  ruptured  during 
violent  vomiting. 

Boerhaave  3  relates  the  case  of  the  Baron  Vassenaer,  who  habitually  made  himself  vomit 
after  excess  at  table.  At  last,  while  vomiting  very  violently,  he  was  seized  with  sudden 
pain,  and  died  in  eighteen  hours.  Transverse  rupture  of  the  oesophagus  (which  was 
otherwise  healthy)  was  found  three  fingers  breadth  above  the  diaphragm.  A  case  is  narrated 
by  Dr.  Griffin  3  of  Banbury,  in  which  the  oesophagus  of  a  healthy  man  was  ruptured  during 
violent  vomiting.  Charles  records  the  case  of  an  intempera'e  man  who,  while  attempting  to 
vomit,  '  felt  something  give  way  in  bis  inside.'  He  fell  on  the  floor  in  great  agony,  and  died 
in  seven  and  a  half  hours.  A  fissure  an  inch  and  a  half  in  length  was  found  penetrating  the 
oesophagus  and  leading  into  a  sac  in  the  posterior  mediastinum.  The  left  pleura  contained 
about  two  quarts  of  fluid,  probably  from  the  stomach.4 

In  most  of  the  recorded  cases  the  oesophagus  has  undoubtedly  been  in  unhealthy 
condition — in  some  there  has  been  found  degeneration  of  the  muscular  fibre — in 
others  cancerous  or  other  ulceration.  It  appears  probable  that  the  rupture  lias  been 
determined  by  an  effort  being  made  above  to  restrain  vomiting  while  the  abdominal 
efforts  were  in  progress,  and  that  thus  the  (esophagus  has  been  greatly  distended  and 
made  to  give  way. 

Injuries  of  the  Air  Passage  by  Mechanical  Violence. 

The  following  injuries,  singly  or  complicated  one  with  another,  or  with  injuries 
of  other  structures,  nay  be  caused  by  manual  compression,  blows,  kicks,  falls  upon 
projecting  coiners  or  edges,  or  by  hanging,  or  other  modes  of  strangulation. 

1.  Confusions. — A  blow  upon  the  larynx  may  prove  suddenly  fatal  by  shock,  oi- 
ly arrest  of  respiration  from  spasm  of  the  glottis.  Short  of  an  immediately  fatal 
result,  insensibility  of  longer  or  shorter  duration  is  a  common  effect  of  a  blow  or 
other  sudden  pressure  upon  the  air  passage.  The  victims  of  the  street  garotter  are 
thus  rendered  unconscious  before  they  are  robbed,  and  often  remain  so  for  some  time 
afterwaids.  Sometimes,  however,  the  effects  of  a  blow  upon  the  laiynx  are  less 
severe,  and  may  be  subdued  without  recourse  to  operative  measures. 

The  symptoms  which  commonly  attend  contusions  of  the  larynx  are  great 
pain  and  tenderness  about  the  seat  of  the  injury,  more  or  less  swelling  in  the 

1  Clinique  C/rir.  t.  ii.  p.  161.  2  Boerhaave.    Quoted  by  Horteloup,  op.  cit.  p.  23. 

3  Lmuct,  Sept.  4,  1869,  p.  337. 

4  Dublin  Quarterly  Jour.  Nov.  1870.  In  this  article  reference  is  made  to  various  cases 
previously  recorded.  See  also  Bamberger,  iu  Yirehow's  Handbuch  der  Spec.  Path,  unci 
Therap.  p.  97. 
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neighbourhood,  enfeeblement  or  total  loss  of  voice,  with  little  or  no  difficulty  of 
breathing. 

But  in  some  cases  submucous  extravasation  of  blood  takes  place ;  in  some  the 
mucous  membrane  is  ruptured  and  there  is  spitting  of  blood  ;  in  others  inflamma- 
tory oedema  supervenes.  In  all  such  cases  difficulty  of  breathing  is  liable  to  occur, 
and  sooner  or  later  may  become  urgent.1 

In  the  less  severe  cases  rest  of  the  parts,  and  the  application  of  leeches  and  warm 
anodyne  fomentations,  constitute  the  treatment  generally  required.  Antimonials 
and  mercurials  may  be  useful  in  some  instances. 

In  the  more  severe  cases  laryngotomy  or  tracheotomy  may  be  necessary,  either 
immediately  or  at  some  later  period.  In  case  of  sudden  arrest  of  respiration,  if  life 
is  not  altogether  extinct,  the  operation  should  be  at  once  performed  ;  a  tube  should  be 
introduced,  and  artificial  respiration  kept  up  as  long  as  needful,  or  while  hope  remains.2 

2.  Fracture  of  the  Hyoid  Bone. — Fracture  of  the  hyoid  bone  is  a  rare  but  well- 
recognised  accident.  It  is  usually  caused  by  direct  violence,  by  blows,  or  by 
squeezing  by  the  hand ;  but  in  some  instances  it  has  been  attributed  to  muscular 
action.3  It  occasionally  occurs  during  execution  by  hanging,'1  but  not  so  frequently 
as  some  have  supposed.5  The  parts  usually  injured  are  the  cornua,  at  or  near  their 
junction  with  the  body.  One  or  both  may  be  broken.  Much  displacement  of  the 
fragments  generally  occurs.  In  cases  of  hanging  the  body  of  the  bone  appears  to  be 
more  often  broken. 

Gibb  has  brought  together  more  or  less  complete  details  of  thirteen  cases  of 
Fracture  of  the  hyoid  bone.8  In  four  of  these  the  right  cornu  was  broken,  in  five 
the  left ;  and  in  one  (that  of  a  child)  the  middle  of  the  body  of  the  bone  was  broken. 
In  two  the  precise  seat  of  the  injury  is  not  stated.  Two  of  the  cases  terminated 
fatally.  Hamilton  gives  ten  cases  :  three  caused  by  hanging,  three  by  squeezes, 
three  by  blows,  and  one  by  muscular  action.  Fischer's  statistics  include  twenty- 
three  cases  of  fracture  of  the  hyoid  alone,  twelve  of  which  proved  fatal. 

The  symptoms  are  pain  in  the  neck,  inability  to  turn  the  head,  or  move  the 
tongue  without  great  pain,  and  dysphagia,  or  even  total  inability  to  swallow.  The  voice 
is  hoarse  or  lost,  the  patient  having  great  difficulty  and  pain  in  speaking.  Symptoms 
of  suffocation  occasionally  occur,  or  may  be  produced  by  simple  protrusion  of  the 
tongue.  On  examining  the  throat  externally,  crepitus,  or  some  irregularity,  may  be 
detected  ;  and  on  looking  into  the  mouth,  not  infrequently  ecchymosis  a,nd  swelling 
of  the  mucous  membrane  may  be  found.  The  fragments  occasionally  perforate  the 
mucous  membrane,  and  more  or  less  bleeding  may  occur,  and  sometimes  distressing 
cough  and  dyspnoea. 

Treatment. — The  displaced  fragments  must  be  restored  to  their  proper  position. 
This  may  be  effected  by  passing  the  finger  of  one  hand  into  the  throat,  and  by 
the  other  hand  manipulating  the  parts  externally.  The  maintenance  of  the  frag- 
ments in  position  is  often  matter  of  great  difficulty.  It  is  best  accomplished  or  most 
favoured  by  firmly  supporting  the  head  in  the  natural  upright  position  without 
inclination  backwards  or  forwards.  The  patient  should  be  kept  quiet,  every  attempt 
at  speech  avoided,  and  antiphlogistic  regimen  adopted.  Inflammation  may  be  relieved 

1  See  a  case  by  Packard,  Arch.  Laryngology,  vol.  i.  no.  i.  1880.  Submucous  extravasa- 
tions of  blood  and  eechymoses  of  the  laryngeal  mucous  membrane  are  not  uncommonly  found 
after  death  by  hanging.  Wilkie,  Indian  Med.  Gazette,  1881,  p.  '275.  Lesser,  Vierteljah.  fur 
Gerichtl.  Med.  Bd.  xxxv.  p.  201. 

2  See  a  case  by  Listen,  in  the  Edin.  Mid.  and  Surg.  Jour.  vol.  xix.  p.  570. 

3  British  and  Foreign  Medico- C/iirurgica I  Revieiv,  vol,  viii.  p.  549,  Malgaigne  quotes  a 
case,  as  does  also  Hamilton,  Fractures  and  Luxations,  p.  i;J6.  And  quite  recently  Dr.  La  Roe 
has  recorded  the  case  of  a  man  aged  27,  who,  while  gaping  widely, '  felt  something  snap  below 
the  lower  jaw.'  Fracture  of  the  right  cornu  of  the  hyoid  bone  close  to  the  body  was  found 
on  examination.    New  York  Med.  Record,  April  18ft2. 

4  In  a  remarkable  case  of  this  kind,  six  distinct  lesions  of  the  hyoid  bone  were  found. 
Surgical  History  of  the  War  of  the  Rebellion,  Op.  cit.  p.  400. 

5  Casper,  Op.  cit.  vol.  ii.  p.  174.    Taylor,  Medical  Jurisprudence. 

6  On  Diseases  and  Injuries  of  the  Hyoid  or  Tongue  Bone,  by  G.  D.  Gibb,  M.l).  Churchill, 
Loudon,  18(32. 
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by  the  application  of  leeches.  If  great  difficulty  of  breathing  should  supervene, 
laiyngotomy  must  be  performed.  If  the  patient  cannot  swallow,  or  finds  great 
difficulty  and  pain  in  doing  so,  the  use  of  the  oesophageal  tube  is  requisite.  If  the 
passage  of  this  tube  produces  much  pain  or  inconvenience,  nutrient  enemata  must 
be  administered. 

The  following  case  described  by  Lalesque  1  affords  a  good  example  of  fracture  of  the  hyoid 
bone.  A  marine,  aged  07,  had  his  throat  violently  clenched  by  the  hand  of  a  power- 
ful adversary.  At  the  moment  there  was  very  acute  pain,  and  the  sensation  of  a  solid 
body  breaking.  The  pain  was  aggravated  by  every  effort  to  speak,  to  swallow,  or  to  move 
the  tongue  ;  deglutition  was  impossible,  articulation  indistinct,  and  he  was  unable  to  open 
his  mouth  without  a  great  deal  of  pain.  The  left  horn  was  broken  near  the  body  of  the  bone, 
and  had  pierced  the  mucous  membrane,  and  given  rise  to  considerable  haemorrhage.  He  was 
fed  by  an  oesophagus  tube  for  twenty-five  days,  and  ultimately  recovered. 

Cases  have  occurred  in  which  detection  of  the  fracture  has  been  less  easy  than 
might  have  been  exj)ected. 

The  following  is  an  illustration :  A  labourer,  aged  G2,  fell  from  a  waggon  on  his 
face.  Much  blood  issued  from  his  mouth.  He  complained  of  severe  pain  in  the  neck,  and 
was  unable  to  turn  his  head.  His  voice  was  hoarse  and  difficult ;  he  could  not  swallow  ; 
on  attempting  to  drink  violent  coughing  was  excited,  and  the  tiuid  was  rejected.  The  tongue 
was  freely  moveable,  and  there  was  no  pain  on  depressing  it.  The  epiglottis  did  not  appear 
to  cover  the  larynx  completely,  nor  to  he  iu  its  exact  position.  Neither  crepitus  nor  unusual 
mobility  could  be  perceived  about  the  hyoid  bone,  which  seemed  to  preserve  its  continuity. 
The  case  was  supposed  to  be  one  of  injury  of  the  laryngeal  nerves  and  muscles,  and  of  the 
pneuinogastric  nerve.  Medicine  and  food  were  administered  by  an  elastic  tube.  The  pain  in 
the  neck  subsided,  and  its  motions  were  restored.  A  hectic  cough  from  which  he  had  long 
Buffered  remained.  The  cough  increased,  the  voice  became  scarcely  audible,  and  the  patient 
died  exhausted  eleven  days  after  the  occurrence  of  the  accident.  On  dissection,  fracture  of 
the  hyoid  bone  was  found.  '  One  of  the  large  eornua  was  broken  and  had  become  firmly 
embedded  between  the  epiglottis  and  rima  glottidis,  inducing  the  raised  position  of  the  epi- 
glottis, loss  of  voice,  and  difficulty  in  swallowing.' 2 

3.  Dislocation  of  the  Hyoid  Bone. — Gibb  has  recorded3  in  the  following  words  a 
case  of  dislocation  of  the  hyoid  bone  in  a  patient  under  his  care. 

The  patient,  a  man  aged  45,  ( would  feel  a  sudden  click  in  the  left  side  of  his  neck  which 
produced  a  sensation  as  if  something  was  sticking  in  his  throat.  On  examination,  this  appeared 
to  me  to  depend  upon  a  displacement  of  the  left  horn  of  the  hyoid  bone,  and  was  generally 
reduced  by  throwing  the  head  backwards,  towards  the  right  side,  so  as  to  stretch  the  muscles 
of  the  neck,  and  then  suddenly  depressing  the  lower  jaw,  and  so  putting  the  depressors  of 
the  hyoid  bone  in  operation.  lie  died  some  years  after  of  pulmonary  consumption.  On 
examining  his  throat  after  death,  I  found  a  sort  of  pouch,  which  answered  the  purpose 
of  a  synovial  capsule,  embracing  the  horns  of  the  left  thyrohyoid  articulation.  It  was 
filled  with  a  clear  fluid,  had  a  comparatively  large  rhomboid  sesamoid  bone  developed  in 
its  outer  wall,  aud  permitted  an  extraordinary  amount  of  motion.'  This  was  the  fourth  case 
of  the  kind  which  had  come  under  the  notice  of  Gibb.  All  the  patients  were  males.  He 
subsequently  met  with  a  fifth  case  in  which  the  patient  was  a  female. 

Reference  is  made  in  the  work  quoted  to  a  paper,  read  in  1 848  before  the  Parisian 
Medical  Society,  by  Dr.  Ripley  of  South  Carolina,  on  '  Dislocations  of  the  Os  Hyoides, 
especially  illustrated  in  his  own  person,  and  the  manner  of  reducing  them.'  The  latter 
process  consisted  '  in  throwing  the  head  backwards  as  far  as  possible,  so  as  to  place 
the  muscles  of  the  neck  on  the  stretch,  then  relaxing  the  lower  jaw,  at  the  same  time 
gently  pressing  or  rubbing  over  the  displaced  part,  when  the  displacement  becomes 
reduced  after  a  few  attempts  with  a  click. 

Two  cases  of  dysphagia  described  by  Abercrombie  4  are  considered  by  Gibb  to 
have  been  '  examples  of  double  displacement  of  the  thyro-hyoid  articulation.' 

4.  Fractures  of  the  Cartilages  of  the  Larynx. — The  cartilages  of  the  larynx  may  be 
broken  by  a  fall  against  some  projection,  or  by  a  blow,  or  by  forcible  compression  by 

1  Journal  Univ.  et  Hehdom.,  Mars  183.3.  Also  American  Journal  Medical  Sciences,  vol.  xiii. 
1833,  p.  250. 

2  Brit,  and  Foreign  Med.-Chir.  Review,  1851,  vol.  viii.  p.  549.  Schmidt's  Jahrbucher, 
vol  lxviii.  p.  215. 

3  ()),.  tit.  p.  20,  and  Trans,  of  the  Path.  Son.  London,  vol.  x.  p.  06. 

4  Disease  of  the  Stomach,  2nd  edit.  1830,  p.  102. 
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the  hand  of  an  adversary,  or  by  some  other  of  the  various  modes  of  strangulation. 
This  lesion  is  most  likely  to  occur  after  ossification  has  taken  place,  but  it  may  be 
met  with  during  childhood.1  The  fragments  may  be  so  displaced  as  to  encroach  upon 
the  cavity  of  the  larynx  or  pharynx  either  from  before  backward  or  laterally  accord- 
ing to  the  manner  in  which  the  injury  has  been  inflicted.  Occasionally  the  mucous 
membrane  is  perforated.  Injuries  of  this  kind  are  extremely  dangerous  to  life,  on 
account  of  the  various  obstructions  to  respiration  to  which  they  may  give  rise.  Such 
obstructions  may  be  caused  either  immediately,  by  displacement  of  the  fractured 
portions,  by  spasm  of  the  glottis,  or  by  entrance  of  blood  into  the  air  passages  ;  or 
subsequently,  by  submucous  extravasation  of  blood,  by  inflammation  and  oedema  of 
the  lining  membrane  of  the  larynx,  or  by  local  or  general  emphysema. 

In  an  excellent  article  M.  Henoque  2  analyses  52  cases  collected  from  various 
sources.  To  these  I  am  able  to  add  17,  4  of  which  have  been  under  my  own  care. 
It  is  worthy  of  special  note  that  every  case  in  which  the  cricoid  was  fractured 
proved  fatal. 

The  following  is  a  summary  of  the  69  cases  :  — 


Cartilages  fractured 

No.  of  Cas?s 

Deaths 

Recoveries 

30 

20 

10 

1  1 

1 1 

4 

2 

2 

9 

9 

Thyroid,  cricoid,  and  os  hyoides  .... 

2 

2 

Thyroid,  cricoid,  and  trachea  ..... 

2 

2 

3 

3 

Cricoid,  trachea,  and  os  hyoides  .... 

1 

l 

7 

4 

(19 

53 

16 

These  figures  very  nearly  correspond  with  those  given  by  Fischer,3  except  that 
under  '  larynx'  he  gives  14  cases  with  9  deaths  and  5  recoveries,  and  makes  a  total 
of  75  cases  with  59  deaths  and  16  recoveries. 

Fractures  of  the  laryngeal  cartilages  are  accompanied  more  or  less  constantly 
by  the  following  signs  and  symptoms.  The  general  contour  of  the  neck  is 
altered :  there  is  usually  flattening ;  but,  in  cases  in  which  lateral  compression  has 
caused  the  injury,  there  may  be  undue  prominence  of  the  pomum  Adami.  Ecchy- 
mosis,  and  swelling  of  the  neck  due  to  extravasation  of  blood,  or  at  a  later  period 
to  inflammatory  exudation,  are  commonly  observed.  The  cartilages,  or  portions  of 
them,  are  abnormally  moveable.  Sometimes  crepitation  may  be  detected ;  but  this 
must  be  carefully  distinguished  from  the  false  crepitation  produced  by  pressing  the 
cornua  of  the  thyroid  cartilage  against  the  spinal  column.  Emphysema  may  occur 
if  the  mucous  membrane  is  lacerated. 

The  patient  complains  of  great  pain,  either  constant,  or  produced  or  aggravated 
by  pressure  or  attempts  at  swallowing  or  speaking.  There  is  almost  always  more  or 
less  difficulty  of  breathing,  accompanied  by  lividity  of  face,  coldness  of  skin,  and 
smallness  of  pulse.  The  dyspnoea  may  be  caused  by  displacement  of  the  cartilages, 
by  abnormal  mobility  of  the  points  of  attachment  of  the  vocal  cords  ;  or  by  submu- 
cous effusion  of  blood  ;  or  by  extravasation  of  blood  external  to  the  larynx.  In  a 
case  recorded  by  Mr.  Stokes,4  blood  was  effused  in  the  neighbouring  parts  to  such  an 
extent  as  to  push  the  larynx  over  to  one  side.  Sometimes  difficulty  of  breathing 
comes  on  quite  suddenly,  and  very  severely,  several  days  after  the  injury.    In  such 

1  Out  of  twenty-seven  recorded  cases  analysed  by  Hunt,  five  were  in  children.  American 
Journal  of  the  Medical  Sciences,  April  1866,  p.  378. 

2  Gazette  hebdomadaire,  September  25  and  October  2,  1868.  For  other  cases  see  Dublin 
Quart.  Journ.  May  1869  ;  Lancet,  1869,  p.  707  ;  Gazette  des  Hopitaux,  1868,  Nos.  90  and  91 . 

3  Op.  tit.  p.  79. 

4  Dublin  Quarteily  Journal  of  Med.  Science,  May  1869. 
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case  it  may  be  due  to  accidental  displacement  of  some  fragment;  or  to  the  superven- 
tion of  acute  oedema. 

Convulsive  cough  and  expectoration  of  frothy  blood  may  immediately  follow  the 
injury.  At  a  later  period  there  may  be  copious  expectoration  of  very  offensive  pus  ; 
and  occasionally,  even  necrosed  portions  of  the  fractured  cartilages  may  be  coughed 
up.  *The  voice  may  be  affected  to  a  variable  extent.  Sometimes  it  is  hoarse  ;  some- 
times enfeebled  ;  sometimes  altogether  lost. 

Fracture  of  the  laryngeal  cartilages,  however,  may  occur  without  giving  rise  to 
any  very  marked  symptoms,  and  without  being  attended  by  displacement  or  defor- 
mity.   A  case  of  this  kind  is  recorded  by  Gibb. 

Trent  merit. —  In  simple  fractures  with  little  or  no  displacement,  and  in  which  the 
breathing  is  easy,  the  parts  may  be  steadied  and  supported  by  small  pads  of  lint  and 
strips  of  adhesive  pi  a  ister.  The  act  of  swallowing  should  be  carefully  watched,  and 
interdicted  for  a  time  if  it  should  occasion  manifest  displacement  of  the  fractured 
parts.  Local  antiphlogistics  or  leeches  may  be  applied.  If  there  is  great  and  con- 
tinued dyspnoea  from  the  first,  and  especially  if  there  is  much  deformity  of  the 
larynx,  tracheotomy  should  be  performed  at  once.  If  the  first  difficulty  of  breathing 
should  have  subsided,  the  propriety  of  operating  may  be  doubtful  ;  but  experience 
shows  that  delay  is  such  cases  may  he  emphatically  dangerous.1  The  dyspnoea  may 
recur  suddenly  at  any  moment,  and  almost  without  warning  ;  and  death  may  ensue. 
Tracheotomy  must  be  insisted  upon  whenever  suffocation  becomes  imminent,  at 
whatever  period  it  may  be.  Some  surgeons  would  lay  it  down  as  a  rule  that  in  any 
fracture  of  the  larynx  or  trachea,  t  racheotomy  should  be  performed  as  soon  as  the 
diagnosis  is  established.2  The  operation  ensures  at  any  rate  temporary  safety  ;  and 
it  may  afford  opportunity  for  the  restoration  of  the  displaced  parts  to  proper  position. 
Such  restoration  may  be  attempted  by  external  manipulation,  aided  by  a  finger 
introduced  through  the  mouth,  or  by  a  probe  passed  through  the  opening  made  in 
the  trachea.  It  has  been  proposed  to  maintain  the  fragments  in  position,  and  to 
preserve  the  patency  of  the  larynx,  by  the  introduction  and  inflation  of  a  small  india- 
rubber  bag  through  the  tracheal  opening.3 

In  nine  out  of  the  sixteen  cases  above  summarised,  in  which  recovery  took  place, 
life  was  manifestly  saved  by  the  timely  performance  of  tracheotomy  or  laryngotomy. 
And  in  another  of  the  cases  (under  my  care  in  Guy's  Hospital  in  January  1862),  the 
patient  had  apparently  made  his  last  gasp,  but  after  tracheotomy  had  been  performed 
was  brought  back,  as  it  were,  to  life  by  long-continued  artificial  respiration.  He 
lived  for  fourteen  days,  and  then  died  of  broncho-pneumonia.  Comminuted  fractures 
of  the  cricoid  and  thyroid  cartilages  were  found,  with  laceration  of  the  mucous 
membrane. 

5.  Rupture  of  the  Trachea. — Partial  or  complete  rupture  of  trachea  without  corre- 
sponding laceration  of  the  soft  parts  is  occasionally,  but  very  rarely,  caused  by 
external  violence.  Such  an  injury  generally,  but  not  invariably,  proves  fatal  from 
obstruction  to  respiration. 

Dr.  Berger4  relates  the  case  of  a  man  who  was  lucked  by  a  horse  just  below  the  lower 
iaw.  There  was  hardly  any  wound,  hut  the  neck  became  much  swollen.  The  breathing  was 
greatly  embarrassed,  and  general  emphysema  came  on.  The  patient  died  in  an  hour  and  a 
halt*.  The  trachea  was  found  almost  completely  separated  from  the  larynx,  about  a  third  of 
the  connection  only  remained.  Several  rings  or  the  trachea  were  torn  through.  The  larynx 
itself  was  uninjured.  The  lungs  were  much  loaded  with  blood,  and  the  trachea  was  full  of 
coagula. 

In  the  following  case  the  trachea  was  completely  divided.  A  boy,  driving  the  gin  of  a 
coal-pit,  placed  himself  on  the  end  of  the  lever.  On  stretching  out  his  head  to  look  at  some- 
thing, his  throat  came  in  contact  with  a  post.  He  survived  for  several  days,  but  in  great 
agony.    Complete  transverse  rupture  of  the  trachea  Avas  found.5 

1  See  cases  recorded  by  Fredet,  Gazette  des  Hopitaux,  18G8,  Nos.  00  and  91.  Also 
Fredet,  Considerations  sur  les  Fractures  Traumaiiqurs  du  Larynx.    Paris,  1868. 

-  Deutsche  Chirurg.  Lief.  37,  p.  16.  Max  Schuller.  Hiiter,  in  Vithn  and  Hillroth's 
Smdbuch,  1871. 

3  Panas,  Annates  des  Maladies  de  I'Oreille  et  du  Larynx,  1878. 

4  Med.  Times  and  Gazette,  1866,  p.  050 :  from  the  Berlin  Mediein.  Zeitung,  No.  33. 
4  Beck's  Medical  Jurisprudence,  7th  ed.  p.  718, 
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Mr.  Long  1  has  recorded  a  good  instance  of  recovery  after  rupture  of  the  trachea. 

A  railway  labourer,  aged  20,  while  connecting  two  railway  carriages,  was  caught 
round  the  neck  by  the  coupling  irons.  When  brought  to  the  infirmary,  there  was  abrasion 
of  the  skin  of  the  neck,  a  little  swelling,  and  slight  emphysema.  The  voice  was  subdued. 
In  the  evening  there  was  difficulty  of  breathing,  and  considerable  distension  and  pain  in  the 
neck.  These  symptoms,  after  rive  days,  became  at  last  so  urgent  that  an  incision  was  made 
in  the  median  line  of  the  neck.  The  ringer  was  introduced  into  a  mass  of  clotted  blood,  but 
the  trachea  could  not  be  found.  On  turning  out  the  blocd,  a  bubble  or  two  of  air  escaped 
from  the  lower  part  of  the  incision  just  above  the  sternum.  On  further  examination,  it  was 
tound  that  the  trachea  had  been  completely  divided,  and  that  the  lower  portion,  from  which 
the  bubbles  of  air  came,  had  been  pushed  on  one  side.  There  was  an  interval  of  an  inch  or 
more  between  the  separated  portions  of  the  air  tube.  A  long  cannula  was  introduced  by 
Dr.  Harford  (then  house  surgeon),  and  the  blood  which  clogged  the  trachea  was  repeatedly 
sucked  out.  The  patient  became  more  and  more  relieved.  The  head  was  bent  forwards  so 
as  to  diminish  the  extent  of  the  gap.  Nine  days  after  the  accident  the  tracheal  tube  was 
removed,  and  a  double  piece  of  jjauze  placed  over  the  opening.  The  wound  entirely  closed 
in  about  a  month.  When  Mr.  Long  examined  the  patient  about  six  months  after  the 
accident,  he  observed  a  depression  to  exist  '  in  the  throat,  just  above  the  sternum,  capable  of 
holding  a  walnut ; '  this  was  increased  doubly  in  depth  and  width  during  each  inspiration. 
A  fragment  of  trachea  could  be  detected  attached  to  the  lower  part  of  the  larynx  ;  below 
this  nothing  was  felt  like  tracheal  rings,  but  merely  a  fibrous  tissue  ;  the  voice  was  hoarse, 
like  that  of  a  person  suffering  from  the  commencement  of  a  cold  ;  and  when  he  breathed 
quickly  and  deeply,  the  sound  produced  was  that  of  air  passing  through  a  narrow  tube.  '  I 
presume,  therefore,'  says  Mr.  Long,  '  that  a  fibrous  tube  has  been  devtloped  in  the  space 
existing  between  the  upper  and  lower  ends  of  the  divided  trachea.' 

Injury  of  the  Larynx  from  the  Inhalation  of  Flame. 

Mi'.  Ryland  appears  to  have  been  the  first  to  direct  attention  to  the  effects  pro- 
duced by  the  inhalation  of  flame,  or  of  intensely  heated  air,  in  explanation  of  the 
dyspnoea  often  occurring  in  cases  of  sevei'e  burns.  In  his  '  Treatise  on  the  Diseases 
and  Injuries  of  the  Larynx  and  Trachea,'  he  describes  the  post-mortem  appearances 
observed  in  four  cases  ;  and  remarks  '  that  the  symptoms  during  life  were  those  of 
severe  bronchitis,  without  any  of  that  peculiar  dyspnoea  that  results  from  an 
obstructed  condition  of  the  laryngeal  aperture.'  2  Injuries  of  this  kind  are  probably 
more  frequent  than  is  commonly  supposed.  It  is  easy  to  understand  how  they  may 
occur.  When  the  clothes  are  blazing  round,  or  when  the  sufferer  is  in  the  midst  of  a 
burning  house,  any  inspiratory  effort  may  draw  some  portion  of  flame  or  hot  air  at 
any  rate  as  far  as  the  glottis.  The  intense  inflammation  of  the  respiratory  tract, 
which  sometimes  immediately  or  very  speedily  follows  an  extensive  burn,  may  be 
thus  explained.  Such  inflammation  must,  however,  be  distinguished  from  the  low 
form  which  so  frequently  supervenes  at  a  later  period. 

Out  of  twelve  cases  of  inflammation  of  the  larynx  from  inhalation  of  flame,  under 
observation  at  St.  George's  Hospital,  in  nine  the  neck  and  face  were  severely  burnt ; 
in  three  the  superficial  burn  was  confined  to  the  lower  limbs  and  lower  part  of  the 
trunk.  In  a  few  of  these  cases  there  was  difficulty  of  respiration  almost  from  the 
time  of  the  injury  ;  in  others,  symptoms  of  dyspnoea  came  on  a  few  hours  afterwards, 
or  on  the  first  or  second  day  following  the  injury.  In  those  cases  in  which  the  burn 
had  extensively  injured  the  face  and  neck,  symptoms  of  dyspnoea  were  noted  very 
early.  In  two  cases  in  which  the  burn,  though  extensive  and  deep,  affected  only  the 
lower  limbs  and  lower  part  of  the  trunk,  the  difficulty  of  breathing  did  not  come  on 
until  the  second  day  after  the  injury,  and  at  first  was  only  slight.  In  these  two 
cases  death  did  not  take  place  until  the  eighth  or  ninth  day,  but  in  the  majority  of 
cases  death  occurred  on  the  first  or  second  day, 

Great  general  depression,  pain  in  the  throat,  difficulty  in  swallowing,  loss  of  voice, 
in  addition  to  difficulty  in  breathing,  are  the  symptoms  commonly  present ;  and  some- 
times there  is  expectoration  of  black  carbonaceous  material.  The  mucous  membrane 
of  the  mouth  and  fauces  is  inflamed,  and  the  examination  of  the  larynx  to,  or  beyond, 
which  the  inflammation  extends,  may  be  rendered  difficult. 

1  Med.  Times  and  Gazette,  July  1'6,  1856,  and  Oct.  15,  1859. 

-  Treatise  on  the.  Diseases  and  Injuries  of  the  Larynx  and  Trachea,  by  Frederick  Ryland, 
1837,  p.  274.  J  '    ■  y  ' 
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The  post-mortem  appearances  observed  arc  as  follows  : — The  mucous  membrane 
of  the  mouth  is  of  a  dark  livid  colour,  or  inflamed  anoe  dematous.  The  tongue  is 
occasionally  much  injected.  The  mucous  lining  of  the  fauces,  and  sometimes  that  of 
the  pharynx,  is  of  a  bright  scarlet  hue.  The  vascularity  ceases,  as  a  rule,  at  the 
junction  of  the  pharynx  and  oesophagus.  In  one  case,  however,  the  redness  was 
found  to  extend  about  an  inch  along  the  oesophagus ;  and  in  another,  the  whole 
length  of  the  tube  was  of  a  dark  livid  colour.  The  mucous  membrane  of  the  epiglottis, 
and  of  the  aryteno-epiglottidean  folds,  is  of  a  bright  scarlet  hue,  and  the  submucous 
cellular  tissue  cedematous.  The  mucous  lining  of  the  larynx  and  trachea  is  inflamed, 
and  shreds  of  lymph  are  occasionally  seen  on  its  surface.  The  lining  membrane  of 
the  bronchi  is  often  inflamed,  and  the  tubes  are  loaded  with  thick  yellow  mucus. 
The  pleurae  are  rarely  affected.  The  lungs,  in  most  cases,  are  either  congested  or 
sprinkled  with  patches  of  a  vivid  red  colour,  or  in  more  advanced  stages  of  inflam- 
mation. 

Treatment. — The  local  treatment  should  be  soothing.  The  patient  should  breathe 
a  warm  moist  atmosphere  ;  and  anodyne  inhalations  or  sprays  1  should  be  used  from 
time  to  time.  Sometimes  sucking  ice  affords  relief.  Mackenzie  recommends  the 
insufflation  of  morphia.  The  constitutional  treatment  must  be  determined  by  the 
general  condition  of  the  patient.  When  croupy  bieathing  indicates  the  existence  of 
inflammation  of  the  larynx,  calomel  and  antimony  in  small,  but  frequently  repeated, 
doses  may  in  some  cases  be  administered  with  advantage.  But  it  must  be  borne  in 
mind  that  the  general  depression  and  the  low  forms  of  pulmonary  inflammation 
which  so  frequently  follow  severe  burns  demand  tonics,  stimulants,  and  plentiful 
nourishment. 

Scald  of  the  Larynx. 
Dr.  Marshall  Hall 2  appears  to  have  been  the  first  to  publish  a  full  account  of  this 
form  of  injury. 

The  accident  happens  usually  to  young  children,  and  generally  occurs  during 
attempts  to  drink,  by  mistake,  boiling  water  from  the  spout  of  a  tea  kettle  or  other 
culinary  vessel.  The  effects  of  such  attempts,  except  in  a  few  rare  instances,  are  not, 
as  might  be  supposed,  to  cause  injury  and  inflammation  of  the  oesophagus  and  stomach. 
Fluid  of  boiling  temperature  taken  into  the  mouth  is  rarely,  if  ever,  swallowed.  It 
is  arrested  in  its  onward  course  by  spasmodic  action  of  the  muscles  of  the  pharynx, 
and  efforts  to  expel  it  are  almost  instantaneously  made.  During  these  efforts  it  is 
possible  that  some  of  the  fluid  may  enter  the  upper  orifice  of  the  larynx.  It  is  more 
probable,  however,  that  the  result  is  produced  in  the  following  manner.  The 
moment  the  hot  water  touches  the  interior  of  the  mouth,  acute  pain  is  felt,  and  the 
child  is  instantly  incited  to  scream.  Preparatory  to  the  scream,  a  sudden  inspiratory 
effort  is  involuntarily  but  necessarily  made.  By  this  effort  some  of  the  boiling  fluid, 
or  hot  steam  from  it,  may  be  drawn  into  or  towards  the  larynx.  And  thus  the  upper 
part  of  this  portion  of  the  air  tube  may  be  scalded,  together  with  the  interior  of  the 
mouth  and  fauces.  In  many  cases,  however,  the  larynx  itself  is  not  actually  scalded, 
but  becomes  speedily  implicated  by  extension  of  inflammation  and  (edema  from  the 
fauces.  In  other  cases  spasm  of  the  glottis  may  be  excited,  and  give  rise  to  the  belief 
that  the  larynx  has  been  directly  implicated  in  the  injury. 

Immediately  upon  the  receipt  of  the  injury  the  sufferer  screams  violently,  and, 
by  instinctively  applying  both  hands  to  the  mouth,  indicates  the  part  injured.  On 
examining  the  mouth,  the  whole  inner  surface  is  found  inflamed,  swollen,  and  vesi- 
cated ;  and  the  soft  palate  and  fauces  present  similar  appearances.  This  condition 
of  the  parts  is  attended  by  great  pain,  and  difficulty  in  swallowing,  or  even  total 
inability  to  do  so.  There  is  more  or  less  hoarseness  of  the  voice.  The  child  becomes 
restless,  and  symptoms  of  inflammatory  fever  soon  appear.  Within  two  or  three 
hours  the  respiration  may  become  affected.  Sometimes  a  delusive  period  of  prolonged 
calm  follows  the  injury,  and  after  several  hours  almost  suddenly  gives  place  to  an 
access  of  alarming  symptoms.    Inspiration  becomes  difficult,  and  is  accompanied  by 


1  See  the  Essay  on  Diseases  of  the  Larynx. 


2  Med.-Chir.  Trans,  vol.  xii. 
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a  hoarse  croupy  sound,  and  aggravated  by  occasional  attacks  of  spasm.  The  difficulty 
may  increase  gradually,  or  very  rapidly.  In  many  cases  the  child  suffers  from 
frequent  attempts  at  vomiting.  Unless  these  symptoms  are  soon  relieved,  the  face 
becomes  livid,  the  extremities  become  cold,  the  respiration  more  hurried  and  oppressed, 
the  voice  is  quite  lost,  and  the  child  gradually  sinks  into  a  state  of  collapse ;  or 
death  takes  place  in  a  fit  of  suffocative  spasm. 

In  some  cases  the  little  patients  recover  from  imminent  danger  within  three  or 
four  days,  or  even  earlier.  In  other  cases  death  from  suffocation  speedily  ensues  ; 
or,  if  this  is  prevented  by  the  timely  performance  of  laryngotomy  or  tracheotomy, 
tracheal  or  pulmonary  disease  may  prove  fatal  at  a  later  period. 

After  death  indications  of  inflammation  of  the  lining  membranes  of  the  cheeks, 
fauces,  and  tongue  are  found.  These  parts  are  swollen  and  corrugated ;  and  the 
mucous  membrane  is  raised  into  blisters,  or  covered  with  whitish  patches.  There  is 
redness  and  swelling  of  the  pharynx,  and  in  one  case,  related  by  Mr.  Gillman,1  'the 
oesophagus  to  within  a  short  distance  of  the  cardiac  orifice  of  the  stomach  presented 
the  usual  appearances  of  a  scald.'  The  mucous  membrane  of  the  epiglottis  and  the 
glosso-epiglottidean  and  aiyteno-epiglottidean  folds  are  thickened,  from  effusion  of 
lymph  into  the  subjacent  areolar  tissue.  Occasionally  this  occurs  to  such  an  extent 
as  to  close  the  upper  orifice  of  the  larynx ;  but  the  oedema  never  extends  below  the 
true  vocal  cords.  In  case  the  patient  has  lived  only  a  few  hours,  the  mucous 
membrane  below  the  rima  may  be  quite  healthy.  In  case,  however,  the  patient  has 
survived  longer,  the  mucous  membrane  of  the  trachea  and  bronchi  is,  as  a  rule, 
highly  inflamed,  and  occasionally  covered  by  adventitious  membrane  similar  to  that 
produced  in  croup ;  or  the  tubes  may  be  loaded  with  thick  viscid  mucus.  In  such 
cases  the  lungs  are  usually  congested,  and  some  of  the  pulmonary  tissue  is  in  a  state 
of  hepatisation. 

The  symptoms  and  post-mortem  appearances  show  that  injuries  of  this  kind 
may  cause  death  by  suffocation,  either  rapidly,  from  violent  inflammation  of  the 
larynx,  or  more  slowly,  through  extension  of  inflammation  to  the  bronchi  and 
lungs. 

Treatment. — The  patient  should  breathe  a  warm  moist  atmosphere.  In  a  large 
number  of  cases  active  antiphlogistic  treatment  may  be  advantageously  employed. 
Leeches  applied  over  or  in  the  immediate  vicinity  of  the  larynx,  the  number  being 
proportioned  to  the  age  and  strength  of  the  patient,  and  the  urgency  of  the  symptoms, 
are  often  useful.  In  the  less  severe  cases  a  hot  sponge  over  the  neck  affords  satis- 
factory relief.  Counterirritation  by  blisters  to  the  upper  part  of  the  chest  may  be 
of  benefit  in  some  cases,  particularly  in  the  later  stages. 

Calomel  may  be  administered  in  doses  of  one  or  two  grains  every  hour,  until  the 
symptoms  are  relieved,  or  until  indications  of  constitutional  effects  appear1.  The 
dose  may  then  be  diminished  and  given  at  less  frequent  intervals.  The  advantages 
derived  from  the  use  of  calomel  in  these  cases  was  first  pointed  out  by  Dr.  Wallace 
of  Dublin.  It  has  been  strongly  urged  by  Mr.  Croly 2  of  Dublin,  and  others. 
Numerous  instances  have  occurred  in  which  the  exhibition  of  this  remedy  has  been 
followed  by  the  most  marked  relief.  It  occasionally  happens  that  the  patient  is 
unable  to  swallow  :  under  such  circumstances  mercurial  inunction  may  be  employed. 
Indeed,  Mr.  Croly  recommends  inunction  simultaneously  with  the  administration  of 
calomel. 

I  have  seen  the  best  results  follow  the  administration  of  antimony  and  aconite  in 
small  but  very  frequently  repeated  doses.  One  or  two  minims  of  the  antimonial 
wine,  with  a  quarter  or  half  a  minim  of  tincture  of  aconite,  may  be  given  at  first 
every  quarter  of  an  hour ;  then  every  half-hour ;  and  subsequently  at  longer  intervals, 
according  to  the  effect  produced. 

Scarification  of  the  inflamed  and  cedematous  mucous  membrane  of  the  back  of 
the  fauces,  and  about  the  upper  part  of  the  larynx,  often  affords  manifest  relief,  and 

1  Med.-CMr.  Trans,  vol.  xii.  p.  9. 

2  British  Med.  Joum.  June  16,  1866.  On  the  same  subject,  see  Sloane,  British  Med. 
Joum.  January  14,  1866  ;  Bevan,  Dublin  Quart.  Joum.  February  1860. 
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can  never,  if  carefully  performed,  he  productive  of  mischief.  The  operation  may  he 
performed  with  comparative  ease  hy  means  of  a  strong,  sharp,  curved  '  needle-in- 
handle,'  or  a  curved  bistoury  defended  to  within  a  sixth  of  an  inch  of  its  point  hy  a 
strip  of  sticking  plaster ;  or,  better  still,  by  means  of  Mackenzie's  laryngeal  lancet, 
or  of  the  instrument  figured  belcw,  designed  by  Mr.  Tudor,  and  by  him  named  the 
epiglottome. 

Fig.  105. — The  Epiglottome. 


The  forefinger  of  the  left  hand  must  be  introduced  well  into  the  back  of  the  mouth 
or  pharynx,  and  made  use  of  to  defend  and  guide  the  point  of  the  instrument. 
Several  punctures  may  be  made  into  the  swollen  parts.  In  some  cases  it  may  be 
possible  to  use  the  laryngoscope  with  advantage. 

Mackenzie  recommends  the  administration  of  non-depressant  emetics  before  or 
after  scarification  with  the  view  of  '  favouring  the  effusion  from  the  ruptured  or 
punctured  mucous  membrane  by  the  pressure  which  the  act  of  retching  exercises  on 
the  oedematous  tissue.'  1 

As  a  general  rule,  scarification  should  be  fairly  tried  before  resort  is  had  to  more 
serious  operative  measures,  but  if  the  symptoms  are  not  relieved,  and  suffocation 
appears  imminent,  laryngotomy  or  tracheotomy  must  be  performed.  It  is  impossible 
to  lay  down  any  precise  rules  as  to  the  conditions  under  which  the  operation  may 
become  necessary.  It  must  be  left  to  the  judgment  and  discretion  of  the  practitioner 
to  decide,  after  having  taken  into  consideration  each  point  in  the  particular  case 
before  him.  It  appears,  however,  to  be  the  opinion  of  most  surgeons  of  experience 
that  it  is  desirable  to  delay  the  operation  as  long  as  possible.  But  the  patient  must 
be  carefully  watched ;  and  the  surgeon  must  be  prepared  to  operate  at  any  moment. 
It  should  be  remembered  that,  though  the  operation  may  relieve  the  patient  from 
impending  suffocation,  it  has  comjmratively  little  effect  in  subduing  the  inflammation 
set  up  by  the  injury.  It  affords  rest,  however,  to  the  injured  part,  and  saves  it 
from  being  irritated  by  the  passing  breath. 

The  statistical  results  of  tracheotomy  in  cases  of  scalds  and  burns  of  the  larynx 
are  certainly  not  very  encouraging.  But  it  must  be  borne  in  mind  that  the  accident 
is  at  best  very  dangerous,  and  it  is  only  in  the  worst  cases  that  the  operation  is 
performed,  and  often  when  the  mischief  is  far  advanced.  Out  of  51  cases  2  of  trache- 
otomy in  scald  of  the  larynx  (of  which  I  have  notes),  35  terminated  fatally.  Fischer 
gives  41  cases,  in  26  of  which  death  resulted.3 

Mr.  Bryant4  strongly  advocates  the  early  performance  of  tracheotomy  'in  every 
case  in  which  the  symptoms  are  rapidly  progressing  and  laryngeal  spasms  coexist.' 
It  is  probable  that,  if  this  practice  were  generally  adopted,  the  statistical  results  would 
be  more  favourable  than  those  above  given. 

Injuries  of  the  Larynx  from  drinking  the  Concentrated  Acids  and  other 

Corrosive  Liquids. 

The  concentrated  acids,  and  other  irritant  fluids,  are  sometimes  swallowed  with 
suicidal  intent,  and  at  other  times  are  taken  accidentally.  If  taken  intentionally, 
the  fluid  may  be  swallowed  without  the  slightest  complaint  of  uneasiness  or  pain. 
Mr.  Poiter  says  : 6  '  I  have  known  a  young  girl,  after  taking  sulphuric  acid,  sit 
quietly  and  drink  tea  with  some  females,  who  were  afterwards  suspected  of  poisoning 

1  Diseases  of  the  Throat  and  Nuse,xo\.  i.  p.  281. 

'-'  Collected  from  various  publications;  in  Guy's  Hospital;  or  elsewhere  under  my  own 
observation.  s  Qp  eiy  p  \Q2. 

1  Practice  of  Surgery ',  vol.  ii.  p.  26.  5  Op.  cit.  p.  178. 
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her,  although  the  dose  had  been  so  powerful  that  she  died  in  a  few  hours  ;  and  I  am 
aware  of  a  man  who  took  a  second  glass  of  the  same  acid,  because  he  thought  the 
first  was  not  sufficiently  quick  in  despatching  him.'  In  cases  of  this  kind  the  larynx 
is  seldom  injured.  Notwithstanding  the  pain  necessarily  produced,  and  the  highly 
irritating  nature  of  the  liquid,  the  determination  to  swallow  it  is  so  great  that  it 
passes  over  the  epiglottis,  along  the  oesophagus,  and  into  the  stomach,  without  pro- 
ducing  any  injury  to  the  upper  end  of  the  air  passage.  But,  if  the  fluid  is  taken 
accidentally,  the  effects  may  be  similar  to  those  produced  in  cases  in  which  boiling 
water  is  taken  into  the  mouth.  The  presence  of  the  irritating  fluid  excites  such  an 
amount  of  spasm  of  the  muscles  of  the  pharynx  and  larynx  as  entirely  arrests  its 
course  along  the  gullet.  At  the  same  time  instantaneous  efforts  at  expulsion  are 
made,  and  the  fluid  may  be  forcibly  ejected  through  the  nostrils  and  mouth.  During 
these  efforts  it  is  possible  that  some  of  the  fluid  may  enter  the  larynx.  It  is  more 
probable,  however,  that  the  fluid  is  drawn  in  by  a  sudden  inspiratory  effort,  excited 
in  the  manner  suggested  in  the  above  account  of  scalds  of  the  larynx,  p.  752. 

The  post-mortem  appearances  are  consequently  liable  to  differ  in  these  two  classes 
of  cases.  In  instances  in  which  corrosive  liquids  have  been  swallowed  intentionally, 
the  lips  are  desiccated  and  charred,  or  corroded,  and  are  covered  with  white  patches, 
or  discoloured  in  a  manner  varying  with  the  nature  of  the  liquid ;  the  tongue  is 
similarly  affected,  and  swollen ;  the  soft  palate  and  fauces  are  highly  vascular ;  the 
oesophagus  is  visually  more  or  less  affected  throughout  its  whole  extent,  everywhere 
congested,  and  in  places  very  dark  in  colour;  the  lining  membrane  of  the  stomach  is 
often  blackened,  and  sometimes  disintegrated,  portions  of  it  lying  flocculent  and 
loose.  On  the  other  hand,  in  instances  in  which  these  fluids  have  been  taken  acci- 
dentally, the  injuries  are  for  the  most  part  limited  to  the  mouth,  fauces,  pharynx, 
and  larynx.  But  sometimes  the  trachea  and  bronchial  tubes  are  reached.  Indeed, 
Sir  William  Gull 1  has  recorded  a  remarkable  case  in  which  sulphuric  acid  passed 
into  and  partially  destroyed  both  lungs. 

The  particular  effects  and  appearances  to  which  different  corrosive  liquids 
give  rise  when  swallowed,  and  the  manner  in  which  they  are  liable  to  affect  the 
air  passages,  are  very  fully  described,  and  numerous  examples  are  quoted,  by 
Dr.  Taylor,  in  his  treatise  on  Medical  Jurisprudence.2 

In  some  cases  it  would  appear  that  inflammation  of  the  larynx,  at  least  to  such 
an  extent  as  to  impede  respiration,  never  takes  place. 

Cases,  however,  occasionally  happen  in  which  very  acute  symptoms  of  laryngitis 
come  on  very  soon  after  the  accident.  These  symptoms  may  be  the  direct  result  of 
injury  to  the  larynx  itself,  or  they  may  be  due  to  extension  of  inflammation  from  the 
injured  fauces  or  pharynx.    In  some  cases  gangrene  and  sloughing  supervene. 

If  the  liquid  taken  is  of  a  volatile  or  fuming  nature,  as  ammonia,  or  nitric, 
hydrochloric,  or  acetic  acid,  the  fumes  may  be  inhaled,  and  give  rise  to  inflammation 
of  the  larynx  and  other  parts  of  the  respiratory  tract.  Many  fatal  cases  of  this  kind 
are  on  record.3 

Treatment. — The  treatment  should  be  similar  to  that  applicable  to  traumatic 
laryngitis  from  other  causes.  Leeches  and  fomentations  should  be  used  externally, 
and  calomel  administered  in  small  but  frequently  repeated  doses.  If  the  symptoms 
are  not  relieved  by  these  means,  or  suffocation  appears  imminent,  tracheotomy  should 
be  at  once  performed.  In  such  a  case  the  surgeon  operates  to  rescue  the  patient  from 
impending  death ;  but  the  extensive  mischief  produced  by  the  contact  of  the  poison 
with  the  neighbouring  parts,  or  more  distant  organs,  generally  leads  to  a  fatal  issue. 

Three  cases  of  this  kind  in  which  tracheotomy  was  performed  have  recently  been  under 
observation  in  Guy's  Hospital.  In  one  case  the  patient,  who  had  taken  strong  acetic  acid, 
recovered.    In  the  other  two,  death  resulted  from  the  effects  of  the  injury.    In  one  of  these, 


1  Med.  Times  and  Gaz.  vol.  xlv.  p.  1102. 

2  Principles  and  Practice  of  Medical  Jurisprudence,  by  Alfred  S.  Taylor,  M.D.  1873,  vol.  i. 
p.  210  et  seq. 

3  Case  of  Mr.  Haywood,  Lancet,  April  1854,  p.  430.  Case  of  Mr.  Stewart,  Chemical 
News,  March  1863,  p.  132,  &c. 
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sulphuric  acid  had  been  taken.  The  parts  about  the  glottis  were  so  swollen  as  to  cause  com- 
plete closure.  In  the  other  case,  carbolic  acid  had  been  taken.  The  bronchi  were  choked 
with  brown  thick  mucus  smelling  strongly  of  the  poison. 

Foreign  Bodies  in  the  Air  Passages. 

Foreign  bodies  of  the  most  diverse  kinds  occasionally  enter  the  air  passages,  and 
imperil  or  more  or  less  speedily  destroy  life.  Among  the  foreign  substances  that 
have  been  most  frequently  found  in  the  air  passages  may  be  enumerated  portions  of 
food,  plum  and  cherry  stones,  peas,  beans  of  various  kinds,  acorns,  nutshells,  melon 
and  pumpkin  seeds,  ears  of  grass,  grains  of  corn,  portions  of  bone,  teeth  artificial  and 
natural,  shells,  buttons,  button  moulds,  pieces  of  money,  musket  balls,  shot,  and 
pebbles.  A  great  many  other  substances,  animal,  vegetable,  and  mineral,  have  been 
found  in  rare  and  exceptional  instances  :  for  example,  puff-darts,  worms,  leeches, 
claws  of  crabs,  &c.  In  one  instance,  the  larynx  of  a  goose  was  found  ;  in  another,  a 
detached  bronchial  gland ;  and  even  '  the  epiglottis  itself  may  be  drawn  into  the 
larynx,  and  become  spasmodically  fixed  in  that  situation,' 1  thus  acting  as  a  foreign 
body. 

Generally,  only  one  foreign  body  enters  at  a  time ;  but  cases  have  occurred  in 
which  'two,  three,  or  even  four  foreign  substances  have  entered  the  air  tube  either 
simultaneously  or  successively.' 2 

Some  foreign  substances  (vegetable  or  animal),  such  as  peas,  beans,  portions  of 
meat,  &c,  when  retained  beyond  a  certain  period,  are  liable  to  become  enlarged  by 
imbibition  of  moisture ;  and  consequently  they  may  occlude  more  closely  the  part  of 
the  tube  in  which  they  are  lodged.3  Any  foreign  substance  may  become  coated  with 
inspissated  mucus  or  lymph  after  remaining  long  in  the  air  passage.  These  facts  are 
of  practical  importance,  since  they  go  to  prove  that  the  longer  a  foreign  substance  is 
retained,  the  greater  danger  there  may  be  of  increased  obstruction  to  respiration. 
On  the  other  hand,  some  substances,  as  for  example  pills  (of  which  I  have  seen  two 
instances),  may  undergo  dissolution,  followed  by  easy  expulsion. 

Liquids,  as  drinks,  medicines,  blood,  pus,  <fec,  sometimes  get  into  the  air  passages. 
As  a  general  rule,  however,  they  are  speedily  expelled,  and  surgical  aid  is  not 
required.  But  it  may  happen  that  the  most  serious  results  may  follow  if,  from  any 
cause,  expulsion  cannot  be  quickly  effected.  Death  from  suffocation  may  ensue,'1  or 
inflammation  may  be  set  up.  In  some  cases  suffocation  has  occurred  during  sleep, 
or  during  drunkenness,  and  on  examination,  the  air  passages  have  been  found  filled 
with  fluid  material,  similar  to  that  contained  in  the  stomach.  In  some  of  these  the 
lung  tissue  has  been  observed  to  have  been  more  or  less  affected  by  the  solvent  action 
of  the  gastric  juice.  It  has  been  suggested,  in  explanation,  that  vomiting  or  regurgi- 
tation from  the  stomach  may  have  taken  place  during  unconsciousness ;  and  that, 
under  such  circumstances,  vomited  material  may  have  been  drawn  by  inspiration 
from  the  pharynx  into  the  air  passages.  Oases  of  this  kind  are  doubtless  rare,  but 
it  is  possible  they  may  be  more  frequent  than  is  commonly  supposed.5 

Modes  of  Entrance. — Foreign  bodies,  which  enter  the  air  passages,  usually  pass  by 
way  of  the  mouth  ;  but  this  is  not  invariably  the  case. 

As  a  rule,  the  foreign  body  is  drawn  in  from  the  mouth  by  a  strong,  sudden, 
ill-timed,  or  unguarded  inspiratory  act.  Sometimes  it  may  simply  fall  through  the 
mouth  into  the  larynx,  as  when  a  person  is  throwing  up  and  catching  a  coin  in  the 
mouth. 

The  accident  does  not  happen,  as  is  popularly  supposed,  during  the  act  of  swal- 
1  Mackenzie,  Op.  cit.  p.  412. 

■  A  large  number  of  interesting  and  curious  cases  have  been  collected  together  by  Pro- 
fessor Gross  of  Philadelphia,  and  published,  wit  h  practical  comments,  &c,  in  his  elaborate 
and  admirable  Treatise  on  Foreign  Bodies  in  the  Air  Passages  ;  Phil.  1854. 

3  Gross,  Op.  cit.  p.  37. 

i  See  remarks  on  blood  in  the  air  passages  in  the  chapter  on  Wounds  of  the  Neck. 
5  For  cases  in  illustration,  see  L  Union  Medicate,  No.  01,  1868: — Case  of  a  child,  by  Dr. 
J.  Parmt.    Also  Annates  cPHygibne,  1860,  p.  471. 
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lowing.  But  in  exceptional  instances  it  may  do  so  :  as,  for  example,  in  cases  of  para- 
lysis of  the  muscles  of  deglutition,  and  in  cases  of  partial  or  complete  destruction  of 
the  epiglottis.  Under  ordinary  circumstances  during  the  process  of  deglutition  the 
larynx  is  elevated,  and  the  epiglottis  falls  over  and  sufficiently  protects  its  upper 
■aperture  :  the  entrance  of  the  smallest  morsel  of  food  is  thus  effectually  prevented. 

The  accident  most  frequently  happens  to  persons  who  are  talking  and  laughing 
while  their  mouths  are  filled  with  food,  or  contain  some  foreign  substance  or  other. 
Preparatory  to  the  act  of  speaking  or  laughing,  a  deep  inspiration  is  necessary  : 
during  this  the  epiglottis  is  raised  ;  the  upper  orifice  of  the  larynx  is  opened ;  and 
the  margins  of  the  glottis  are  widely  separated.  If,  under  such  circumstances,  the 
mind  is  engaged  by  interesting  conversation,  or  the  attention  is  suddenly  attracted, 
the  vigilance  of  the  muscles  guarding  the  aperture  of  the  larynx  may  not  be  excited  ; 
and  any  object  contained  in  the  mouth  may  be  drawn  by  the  current  of  inspired  air 
into  the  larynx  or  trachea.  Sometimes  a  blow,  or  unexpected  slap  on  the  back,  or  a 
sudden  desire  to  sneeze,  at  once  diverts  the  attention,  and  incites  a  strong  inspira- 
tory effort. 

Many  cases  have  occurred  in  which  projectiles  in  blow-tubes,  or  peas  or  cherry 
stones  in  pea-shooters,  have  been  drawn  into  the  air  passages  by  careless  or  un- 
guarded inspirations. 

But,  though  inhalation  from  the  mouth  is  the  most  common  mode  of  introduc- 
tion, there  are  various  other  ways  by  which  in  exceptional  cases  foreign  bodies  have 
been  known  to  get  into  the  air  passages.  And  it  is  a  matter  of  some  importance  in 
diagnosis  to  be  acquainted  with  some  of  these. 

Thus,  foreign  bodies  may  pass  from  the  oesophagus  and  pharynx  into  the  air  passage. 

A  stout  hearty  labourer  died  suddenly  whilst  eating  his  Sunday's  dinner.  On  examina- 
tion, a  piece  of  meat  was  found  in  the  rima  glottidis,  and  a  quantity  of  masticated  beef  and 
cabbage  in  the  trachea  and  bronchi.  The  man  had  probably  filled  his  stomach  to  such  an 
extent  as  to  induce  vomiting,  and  in  consequence  of  his  endeavouring  to  inspire  at  the  moment 
the  food  was  being  rejected,  some  of  it  entered  the  air  passage.1  Many  similar  instances 
might  be  quoted.  And  it  is  not  improbable  that  those  fatal  accidents  which  have  occurred 
during  the  administration  of  anaesthetics  may  have  been  due  to  some  such  cause  more  fre- 
quently than  has  been  made  out.2 

Again,  numerous  instances  are  recorded,  both  by  ancient  and  modern  authors,  in 
which  lumbrici  have  made  their  way  from  the  stomach  into  the  pharynx,  and  thence 
into  the  larynx  and  trachea.3  In  some  of  these  cases  death  by  suffocation  has  resulted. 
Instances  have  also  occurred  in  which  letches,  probably  swallowed  in  drinking 
water,  have  passed  from  the  pharynx  into  the  air  passage.  M.  Vital  relates  a  case  in 
which  a  living  leech  was  removed  by  tracheotomy  from  the  trachea  of  a  soldier.4  Dr. 
Massei  gives  another  case  in  which  a  leech  was  removed  from  the  pharyngo-laryngeal 
sinus.5 

It  occasionally  happens  that  a  communication  between  the  oesophagus  and  trachea 
results  from  long-standing  ulcerative  disease,  as  epithelioma,  &c.  In  any  such  case, 
foreign  bodies  may  pass  through  the  opening,  and  get  into  the  air  passages.  Such 
cases  are  not  rare.  I  have  seen  several,  and  in  some  of  them  tracheotomy  has  been 
necessary.  Again,  foreign  bodies  may  enter  through  artificial  openings,  as  in 
wounds  of  the  throat.  And  sometimes  foreign  bodies  impacted  in  the  oesophagus 
produce  ulceration,  and  pass  through  into  the  trachea.6 

A  case,  related  by  Mr.  Edwards7  of  Wolverhampton,  affords  perhaps  the  most  remark- 
able illustration  on  record  of  the  manner  in  which  a  foreign  body  may  get  into  the  air 
passages,  as  well  as  of  the  extraordinary  source  from  whence  such  body  may  be  derived.  A 
boy,  ait.  8,  playing  with  others,  was  offended  or  struck  by  one  of  them.  He  ran  off",  and  just 
as  he  got  home,  thirty  yards  distance,  he  seemed  to  be  in  a  fit.  He  struggled  violently ;  his 
head  was  thrown  back  ;  his  countenance  anxious,  his  face  discoloured  ;  and  he  said  once  or 


1  Ryland,  Op.  cit.  p.  280.  2  II  Morgaqni,  Oct.  1874. 

3  Aronssohn,  Arch,  de  Med.  1836,  torn.  x.  p.  44.        4  Gazette  Medicale,  1838,  p.  139. 

5  II  Morgagni,  Oct.  1874. 

6  Begin,  Journal  hebdom.  quoted  with  other  cases  in  Diction.  Encyclopedique  desSci.  Med., 
art.  Larynx,  pp.  705-6.  7  Med.  CMr.  Trans,  vol.  xxxvi. 


758 


INJURIES  OF  THE  NECK. 


twice  that  he  should  die.  He  denied  having  swallowed  anything.  Tracheotomy  was  per- 
formed in  about  half  an  hour,  and  artificial  respiration  attempted,  but  without  beneficial 
effect.  On  dissection  there  was  found  fixed  in  the  rirna  glottidis  a  body  about  an  inch  in 
length.  This,  on  further  examination,  proved  to  be  a  bronchial  gland,  which  had  become 
detached,  and  had  made  its  way  by  ulceration  through  the  bronchus  into  the  air  passage. 
The  ulcerated  opening  through  which  the  gland  had  passed  was  found. 

Another  remarkable  instance  of  a  foreign  body  getting  into  the  windpipe  without  passing 
through  the  rima  glottidis  is  recorded  by  I)e  La  Martiniere.1  A  child,  nine  or  ten  years  of 
age,  amusing  himself  with  cracking  a  small  whip,  was  suddenly  seized  with  extreme  difficulty  of 
breathing,  and  soon  exhibited  all  the  symptoms  of  approaching  suffocation.  The  surgeons 
who  saw  him  did  not  suspect  the  existence  of  a  foreign  body  impeding  respiration.  He  was 
bled ;  the  throat  was  examined,  and  an  oesophageal  bougie  passed,  without  any  discovery 
being  made.  The  symptoms  became  more  urgent,  and  De  La  Martiniere  saw  him  an  hour 
after.  On  examining  the  neck  externally,  a  small  red  spot  was  found  immediately  below  the 
cricoid  cartilage.  Beneath  this  was  felt,  deeply,  a  little  circumscribed  swelling.  On  cutting 
down  into  tlds,  a  large  copper  pin  was  found,  and  at  once  extracted.  The  pin  was  an  inch 
and  a  quarter  in  length.  It  had  been  fixed  in  the  end  of  the  lash  of  the  whip.  The 
trachea  had  been  pierced  through  from  left  to  right.    The  child  got  well  in  a  few  days. 

Situation  and  Mobility. — The  size,  shape,  and  weight  of  the  body  and  the  mode 
of  introduction  often,  to  a  certain  extent,  determine  the  situation  it  occupies,  and  its 
degree  of  fixity. 

1.  The  foreign  bod}'  may  be  arrested  in  the  larynx.  It  may  become  impacted  in 
the  superior  aperture,  or  in  the  cavity,  or  in  one  of  the  ventricles  of  the  larynx,  or 
it  may  be  lodged  and  firmly  held  in  the  chink  of  the  glottis.  Sometimes  it  may 
become  fixed  immediately  below  the  glottis. 

2.  The  foreign  body  may  pass  into  the  trachea,  and  occasionally,  but  very 
rarely,  may  be  arrested  there.  Generally,  however,  it  descends  into  one  or  other  of 
the  bronchi,  and  in  the  majority  of  instances  into  the  right  one.  Instead  of  becom- 
ing fixed,  the  body  may  be  moved  up  and  down  during  respiration.  Sometimes  it 
may  pass  from  the  bronchus  into  the  trachea,  and  then  into  the  other  bronchus. 
Sometimes  it  may  pass  from  the  trachea  up  into  the  larynx,  and  there  become  im- 
pacted. 

3.  The  foreign  body  may  enter  one  of  the  second  or  third  divisions  of  the 
bronchus,  and  there  become  firmly  fixed. 

4.  At  a  later  period  the  body,  after  having  excited  inflammation  and  ulceration, 
may  find  its  way  into  the  lung  substance,  where  it  may  become  encysted,  or  may 
give  rise  to  further  mischief. 

Out  of  twenty-one  cases  analysed  by  Professor  Gross,3  in  which  death  took  place  without 
operation,  and  without  expulsion  of  the  foreign  body,  '  in  four,  the  foreign  substance  was 
situated  in  the  larynx  ;  in  one,  partly  in  the  trachea,  partly  in  the  larynx  ;  in  three,  in  the 
trachea;  in  eleven,  in  the  right  bronchial  tube;  in  one,  in  the  lung;  in  one,  in  the  right 
pleural  cavity.'  '  Out  of  forty -two  cases  subjected  to  operation  or  general  treatment,  the  ex- 
traneous substance  was  situated  twice  positively,  and  eleven  times  probably,  in  the  right 
bronchial  tube  ;  four  times  certainly,  and  four  times  probably,  in  the  left  bronchial  tube  ; 
seven  times  in  the  trachea,  and  fourteen  in  the  larynx.'  Out  of  fifty-seven  cases  occurring 
during  the  last  few  years,  of  which  I  have  notes,  in  twenty-seven  the  foreign  body  was  in  the 
larynx  ;  in  eleven,  in  the  trachea ;  in  ten,  in  the  right  bronchus ;  and  in  nine,  in  the  left  bron- 
chus. It  would  thus  appear  that  the  larynx  and  the  right  bronchial  tube  are  the  most  fre- 
quent situations  in  which  foreign  substances  are  arrested.  This  conclusion,  however,  does  not 
precisely  coincide  with  that  derived  by  M.  Lourdillat  3  from  the  analysis  of  166  cases.  In 
eighty  of  these  the  foreign  body  was  in  the  trachea  ;  in  thirty-five,  in  the  larynx ;  in  twenty- 
six,  in  the  right  bronchus ;  and  in  fifteen  in  the  left  bronchus. 

A  foreign  body  which  is  too  large  to  pass  the  glottis  may  remain  impacted  in  the 
upper  part  of  the  larynx.  A  smaller,  light,  sharp-pointed  or  angular  body,  as  a 
husk  of  corn,  a  piece  of  nutshell,  or  a  portion  of  apple-core,  may  often  stick  in  the 
larynx,  projecting  into  one  or  other  ventricle  or  sacculus. 

A  foreign  body  of  comparatively  large  size  and  irregular  in  shape,  which  has 
passed  the  larynx,  may  be  impacted  in  the  trachea,  and  produce  more  or  less  obstruc- 
tion to  respiration  on  both  sides  of  the  chest.    The  heavier  the  body,  the  less  likely 

1  'Observations  sur  un  Corps  Etranger/  &c,  in  Mini,  de  VAcad.  tie  Chir.  vol.  v.  p.  521. 
8  Op.  ext..  p.  41 0  et  seq. 

3  '  Des  Corps  Etrangers  dans  les  Voies  Ae"riennes.'  M.  Bourdillat,  Gazette  Medicate,  1861. 
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is  it  to  move  up  and  down  during  respiration.  A  small  smooth  body,  as  a  pea  or 
bean,  especially  if  heavy,  as  a  shot  or  small  pebble,  is  more  likely  to  descend  into  one 
of  the  bronchial  tubes  than  a  body  less  heavy,  and  more  rugged  or  uneven. 

The  tendency  of  the  foreign  body  to  pass  into  the  right  bronchus  rather  than 
into  the  left  is  mainly  due  to  the  fact,  pointed  out  by  Mr.  Goodall  of  Dublin,  that 
the  septum  at  the  subdivision  of  the  trachea  is  somewhat  to  the  left  of  the  median  line. 
The  larger  size  of  the  right  bronchus  also  no  doubt  favours  the  tendency,  though 
its  more  horizontal  direction  may  have  a  somewhat  opposite  effect. 

Symptoms  and  Diagnosis. — The  symptoms  which  immediately  attend  the  entrance 
of  a  foreign  body  into  the  air  passage  are  violent  spasmodic  cough  ;  difficulty  of 
breathing  and  sense  of  suffocation;  more  or  less  lividity  of  countenance;  and 
sometimes    insensibility.     After    the  first 

paroxysms  have  passed  off,  if  the  patient  Fig.  106.— Bifurcation  of  Trachea,  as 
survives,  but  the  foreign  body  has  not  been 
expelled,  the  general  symptoms  are  pain 
about  the  larynx,  trachea,  or  chest ;  recur- 
rent spasmodic  cough ;  more  or  less  dyspnoea, 
and  sense  of  oppression ;  alteration  of  the 
voice  ;  expectoration ;  modified  respiration, 
as  evinced  by  auscultation  and  percussion ; 
inability  to  lie  in  certain  positions ;  and 
more  or  less  impairment  of  the  general 
health. 

These  symptoms  vary  according  to  cir- 
cumstances, and  sometimes  none  of  them 
make  their  appearance  for  a  very  consider- 
able period.  Louis  gives  an  instance  in 
which,  after  the  first  few  minutes,  the 
patient  did  not  experience  a  bad  symptom 
for  a  year,  at  the  end  of  which  time  he 
coughed  up  a  cherry  stone,  followed  by  such 
copious  expectoration,  that  he  died  exhausted 
in  three  days. 

(«).  When  a  foreign  substance  is  impacted 
in  the  superior  aperture  of  the  larynx,  or 
wedged  in  the  rima  glottidis,  the  symptoms 
depend  upon  the  amount  of  injury  produced,  and  the  extent  to  which  respiration  is 
impeded.  Respiration  may  be  impeded  either  by  the  mechanical  obstruction,  or  by 
the  spasm  excited;  consequently,  the  symptoms  vary  according  to  the  size  and 
nature  of  the  extraneous  body,  and  the  degree  of  irritation  it  causes.  When  the 
foreign  body  is  large,  such  as  a  portion  of  food,  and  firmly  impacted,  almost  instant 
death  takes  place  from  suffocation.  It  occasionally  happens  that  a  foreign  body,  after- 
having  been  lodged  in  the  trachea  for  a  variable  period,  is  propelled,  in  a  paroxysm  of 
coughing,  into  the  chink  of  the  glottis,  where  it  may  become  impacted,  and  speedily 
destroys  life. 

(b).  When  the  foreign  substance  is  in  the  cavity  of  the  larynx,  and  its  size  is 
insufficient  to  entirely  prevent  the  passage  of  air,  instant  death  does  not  always  take 
place  ;  and  the  symptoms  then  produced  depend  much  upon  the  nature  of  the 
extraneous  substance.  If  it  is  sharp,  or  angular,  the  symptoms  are  usually  very 
severe.  Pain  is  felt  in  the  region  of  the  larynx ;  there  is  a  constant  sense  of  suffoca- 
tion, and  great  distress  ;  violent  and  very  frequent  attacks  of  spasmodic  cough  occur ; 
the  respiration  is  croupy ;  and  the  voice  is  hoarse  or  altogether  lost.  In  cases  of 
this  kind  there  is  seldom  any  long  continued  intermission  of  the  symptoms ;  and 
this  circumstance,  together  with  the  history  of  the  case,  the  fixed  pain  in  the  larynx, 
and  the  absence  of  morbid  sounds  on  auscultating  the  chest,  indicate  the  larynx  as 
the  seat  of  the  extraneous  substance.  Unless  relief  is  afforded  by  the  expulsion  of 
the  foreign  body  during  coughing,  or  by  operation,  death  in  many  cases  very  soon 


seen  from  behind,  the  posterior  wall 
removed  ;  showing  septum  to  the  left 
of  the  median  line.  From  a  recent 
specimen. 
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ensues.  If,  however,  the  foreign  body  is  small,  and  smooth,  and  round,  no  very 
severe  symptoms  may  arise  for  some  time. 

(c).  When  the  foreign  body  is  lodged  in  one  of  the  ventricles  of  the  larynx,  the 
effects  produced  are  similar  to  those  noticed  in  the  preceding  cases  ;  but  thev  arc  less 
severe,  and  danger  to  life  is  less  imminent. 

A  young  man  was  admitted  into  the  Hotel  Dien  who  had  suffered  for  six  weeks  from 
severe  cough,  accompanied  by  frequent  attacks  of  impending-  suffocation.  Great  uneasiness 
was  experienced  in  the  region  of  the  larynx.  These  symptoms  were  ascertained  to  have 
arisen  from  a  button-mould  having  passed  into  the  larynx.  The  trachea  was  opened,  but 
though  the  button-mould  was  felt,  it  could  not  be  removed  by  the  finger.  The  cricoid  carti- 
lage was  therefore  divided  :  and  the  foreign  body  was  then  extracted  from  the  left  ventricle 
of  the  larynx.1 

The  patient  may  live  a  very  long  time  when  a  foreign  body  occupies  this  sit  ua- 
tion. 

Desault 2  reports  a  case,  in  which  a  cherry  stone  was  lodged  in  one  of  the  ventricles  of 
the  larynx:  the  patient,  who  would  not  consent  to  an  operation,  died  of  laryngeal  disease, 
but  not  until  two  years  after  the  accident.  Sir  T.  Watson  3  refers  to  an  instance  in  which  a 
piece  of  gold  was  lodged  for  years  in  one  of  the  ventricles  of  the  larynx,  without  distressing 
consequences. 

((/).  The  foreign  body  occasionally  passes  through  the  chink  of  the  glottis,  and 
becomes  fixed  in  the  lower  part  of  the  larynx,  or  in  the  trachea,  immediately  below 
the  cricoid  cartilage.4  In  this  case  comparatively  little  distress  is  experienced,  after 
the  first  symptoms  have  passed  off.  Pain  and  tenderness  are  felt  at  the  spot  corre- 
sponding to  the  position  of  the  body.  The  voice  may  be  unaffected  ;  but  a  wheezing, 
whistling,  or  croupy  sound  is  heard  during  inspiration  and  expiration  :  occasionally 
there  is  entire  absence  of  cough.  In  one  case  the  patient,  a  child,  laughed,  spoke, 
and  ate,  as  if  nothing  had  happened. 

(e).  The  foreign  substance  may  pass  beyond  the  larynx  into  the  trachea.  In  such 
cases  the  symptoms  that  arise,  after  the  immediate  effects  of  the  accident  have 
subsided,  vary  with  the  size,  weight,  and  figure  of  the  extraneous  substance,  and 
also  with  its  fixity  or  mobility.5  If  the  body  is  light,  of  small  size,  with  no  great 
irregularity  of  surface,  as  a  cherry  stone  or  plum  stone,  it  may  constantly  change  its 
position,  and  thus  occasion  a  train  of  very  characteristic  symptoms.  Paroxysms  of  cough 
occur,  and  are  especially  violent  when  the  foreign  body  is  driven  up  into  the  glottis. 
The  cough  is  usually  harsh,  dry,  and  hard,  and  occasionally  succeeded  by  a  long  and 
sonorous  inspiration  like  hooping  cough.  During  the  paroxysms  the  face  is  purple,  the 
cheeks  are  swollen,  the  eyes  protruding,  and  a  quantity  of  saliva  flows  from  the  patient's 
mouth.  The  cough  is,  as  a  rule,  succeeded  by  intervals  of  comparative  quiet,  during 
which  the  patient  suffers  little  inconvenience.  This  want  of  persistence  in  the 
symptoms  is  liable  to  mislead  the  patient's  friends,  and  even  his  medical  attendant. 
Sometimes  the  foreign  substance,  during  its  movements  upwards  and  downwards, 
is  felt  by  the  patient  to  strike  the  walls  of  the  trachea,  especially  during  forced 
expiration. 

If  the  foreign  substance  is  heavy,  it  is  less  likely  to  be  driven  upwards  towards 
the  larynx  in  the  act  of  coughing ;  consequently  the  inconvenience  produced,  and 
the  immediate  danger,  are  less  than  in  a  case  in  which  the  foreign  substance  is  light 
and  freely  movable.    The  ultimate  danger,  however,  is  quite  as  great. 

The  situation  of  the  foreign  body  is  occasionally  indicated  by  uneasiness  or  pain 
referred  to  the  lower  part  of  the  larynx,  the  front  of  the  neck,  or  just  behind  the 
sternoclavicular  articulation  ,  and  this  is  more  severe  when  the  foreign  body  is 
rough  and  jagged.    In  addition  to  these  symptoms,  M.  Louis  noticed  in  one  case 

1  Pelletan,  Clinique  Cliirurgicale,  t.  i.  p.  8.  2  (Euvres  Chir.  t.  ii.  p.  258. 

3  Lectures  on  the  Practice  of  Physic,  4th  ed.  vol.  ii.  p.  436. 

'  See  cases  recorded  by  Mr.  Caesar  Hawkins  in  Med.-Chir.  Trans,  vol.  xxiii.  p.  99 ;  and 
one  by  Mr.  Bullock,  Med.  Gazette,  vol.  xviii.  p.  952. 

5  See  a  paper  by  Sir  C.  Brodie,  Bart.,  Med.-Chir.  Trans,  vol.  xxvi.  p.  286.  This  paper 
contains  the  particulars  of  the  celebrated  case  of  Brunei. 
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well  marked  emphysema  on  both  sides  of  the  neck,  just  above  the  clavicle.  Pro- 
bably in  this  case  a  small  opening  had  been  made  either  by  puncture  or  by 
ulceration. 

If  the  foreign  body  is  allowed  to  remain,  the  symptoms  that  arise  vary  greatly  in 
different  cases.  Death  may  occur  from  spasm  of  the  glottis,  or  from  mechanical 
obstruction  in  case  the  body  should  be  propelled  upwards  into  the  rima  ;  or  rupture 
of  one  of  the  cerebral  blood  vessels  may  be  produced  during  coughing.  At  a  later 
period  the  lungs  may  become  congested  and  emphysematous  ;  or  bronchitis,  pneu- 
monia, or  pleurisy,  may  supervene.  These  symptoms  occur  in  some  instances  very 
early,  in  others  at  more  remote  periods. 

(/)•  When  a  foreign  body  enters  one  of  the  bronchi,  the  symptoms  produced,  and 
the  extent  to  which  respiration  is  obstructed,  depend  upon  whether  the  substance  is 
fixed  or  movable,  and  also  upon  its  size,  nature,  and  precise  position. 

If  the  foreign  body  is  impacted  in  one  of  the  bronchi,  the  entrance  of  air  into 
the  corresponding  lung  is  necessarily  more  or  less  impeded.  In  some  instances  the 
obstruction  is  complete.  There  is  then  entire  loss  of  respiratory  murmur  on  the 
corresponding  side  of  the  chest.  In  other  instances  the  obstruction  is  only  partial. 
The  foreign  body  may  not  occupy  the  whole  calibre  of  the  bronchus,  in  which  case 
the  vesicular  murmur  generally  is  diminished.  Or  the  body  may  become  lodged  in 
one  of  the  primary  or  secondary  divisions,  and  consequently,  there  may  be  entire 
absence  of  the  murmur  over  a  certain  limited  space.  In  almost  all  cases  natural 
resonance  on  percussion  is  preserved.  As  a  rule,  the  chest,  during  inspiration,  rises 
less  on  the  affected  than  on  the  sound  side.  The  respiration  in  the  unobstructed 
lung  generally  becomes  puerile.  Fixed  pain  referred  to  the  upper  part  of  the  chest, 
when  the  substance  is  immovable,  or  constant  pain,  or  sense  of  weight,  on  one  side 
or  the  other,  may  occasionally  serve,  with  other  symptoms,  to  indicate  the  position  of 
the  foreign  body.  The  voice  may  be  hoarse ;  the  respiration  may  be  wheezing ; 
cough,  aggravated  on  deep  inspiration,  and  accompanied  by  mucous  or  purulent 
expectoration,  may  also  occur.  Inflammation  of  the  lung,  sooner  or  later,  adds  to 
these  symptoms  ;  and  if  the  foreign  body  is  not  expelled  or  removed,  the  expectora- 
tion becomes  more  copious,  and  ultimately  highly  offensive,  and  of  a  dai'k  colour ; 
the  cough  becomes  more  troublesome,  and  aggravated  by  any  exertion  or  change  of 
position ;  the  patient  suffers  from  disturbed  nights,  daily  paroxysms  of  fever,  and 
night  sweats  :  general  depression  ensues,  and  death  from  exhaustion  results. 

((/).  In  some  rare  instances  a  foreign  body  may  by  ulceration  make  its  way  from 
one  of  the  bronchi  into  the  lung  substance.  In  such  cases  the  symptoms  depend 
upon  the  amount  and  duration  of  the  irritation  and  inflammation  set  up.  Some- 
times the  body  may  become  encysted,  and  for  years  produce  little  or  no  inconveni- 
ence. But  sooner  or  later  it  is  liable  to  become  a  centre  of  mischief  :  the  neighbour- 
ing parts  become  inflamed  ;  the  encysting  material  (if  there  be  any)  breaks  down  ; 
suppuration  takes  place ;  and  various  symptoms,  and  physical  signs  more  or  less 
resembling  those  of  pulmonary  phthisis,  present  themselves ;  and  death  usually,  but 
not  invai'iably,  results  from  exhaustion. 

Diagnosis.— To  diagnose  with  certainty  the  presence  of  a  foreign  body  in  any 
part  of  the  air  passage  is  often  a  matter  of  very  considerable  difficulty,  and  requires 
the  utmost  care  and  vigilance  on  the  part  of  the  surgeon.  Some  of  the  symptoms 
above  detailed  may,  in  certain  cases,  be  absent ;  none  of  them  are  absolutely  patho- 
gnomonic ;  and  similar  symptoms  may  arise  from  various  other  causes. 

Laryngoscopical  examination  affords  the  means,  and  the  only  means,  by  which  in 
some  cases  a  certain  diagnosis  can  be  made.  If  the  foreign  body  can  be  seen  all 
doubt  is  at  an  end.  But  in  very  many  instances  this  is  impracticable  or  impossible, 
at  any  rate  during  the  earlier  periods.  If  the  foreign  body  is  in  the  larynx,  the 
symptoms  are  often  so  urgent  as  to  admit  of  no  delay,  or  so  severe  as  to  render  the 
patient  unmanageable.  If  the  foreign  body  is  in  the  trachea,  there  is  very  little 
probability  of  its  being  seen  ;  and  if  in  one  of  the  bronchi,  none  at  all.  Laryngo- 
scopical examination  should  always  be  attempted  when  practicable,  and  while  the 
urgent  symptoms  are  in  abeyance.    Many  cases  have  occurred  in  which,  under  such 
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circumstances,  foreign  bodies  have  been  recognised,  and  removed  through  the 
mouth.1 

Foreign  bodies  impacted  in  the  pharynx  or  upper  part  of  the  oesophagus,  by 
pressing  upon  the  larynx,  or  by  exciting  spasm  of  the  laryngeal  muscles,  may  cause 
death  by  suffocation.2  Such  cases  must  be  distinguished  from  those  in  which  the 
foreign  substances  are  in  the  air  passages.  The  passage  of  a  bougie  may  in  some 
instances  be  all  that  is  required  in  the  former  condition  ;  in  the  latter  this  is  useless 
and  possibly  may  do  mischief. 

Foreign  substances  sometimes  get  into  the  air  passages  of  persons  who  are  eating 
while  in  a  state  of  intoxication.  In  such  case  the  symptoms  produced  are  liable  to 
be  mistaken  for  those  of  an  apoplectic  seizure.  Mr.  Porter  3  has  examined  seven 
cases  in  which  death  occurred  from  suffocation  in  this  way ;  and  a  similar  instance 
is  recorded  by  Dr.  L.  Beale.4 

Cases  occasionally  come  under  the  notice  of  the  surgeon  in  which  foreign  sub- 
stances are  suspected  to  be  in  the  air  passages,  although  the  attendant  symptoms 
actually  depend  upon  laryngitis,  oedema  glottidis,  croup,  laryngismus,  rabies,  or 
spasm  of  the  glottis  connected  with  ulceration  of  the  larynx  or  trachea,  or  upon 
aneurism  of  the  aorta  pressing  on  the  trachea  or  bronchial  tubes,  or  upon  pressure  of 
a  tumour  on  the  laryngeal  nerves.  On  the  other  hand,  cases  occur  in  which  foreign 
substances  really  exist  in  the  trachea,  but  in  which  the  symptoms  are  believed  to  be 
dependent  upon  an  attack  of  croup,  or  other  inflammatory  affection  of  the  air- 
passages,5  or  even  to  be  due  to  tubercular  phthisis.6 

As  an  instance  of  the  former  class  of  cases  may  be  mentioned  that  of  a  boy,  set.  3, 
admitted  into  St.  George's  Hospital  in  the  year  1851.  A  small  button  with  which 
he  had  been  playing  was  supposed  to  have  slipped  down  his  throat ;  he  had  been 
previously  in  good  health,  and  continued  so  for  three  days  after  the  supposed 
occurrence.  Difficulty  of  breathing  then  came  on  at  intervals,  with  convulsions, 
foaming  at  the  mouth,  lividity  of  the  countenance,  a  croupy  sound  during  inspiration, 
and  partial  loss  of  voice.  Emetics  had  been  used  without  relief;  and  calomel,  with 
Dover's  powder,  was  ordered,  which  produced  vomiting  :  but  no  button  was  expelled. 
The  symptoms  continued.  The  larynx  was  examined  by  the  ringer,  but  no  foreign 
body  was  felt.  Subsequently  laryngotomy  was  performed,  and  several  explorations 
were  made  with  various  instruments,  but  no  extraneous  substance  could  be  found. 
The  dyspnoea  and  croupy  sound  continued  at  intervals ;  and  on  the  following  morn- 
ing a  sudden  fit  of  spasm  occurred  which  ended  fatally.  No  foreign  substance  was 
found  in  the  air  passage  after  death.  There  was  a  little  lymph  upon  the  mucous 
membrane  of  the  glottis  ;  the  mucous  membrane  lining  the  trachea  and  bronchi  was 
very  vascular,  and  the  bronchial  tubes  contained  much  muco  purulent  fluid. 

As  an  illustration  of  the  latter  class  of  cases  in  which  a  foreign  substance  may 
be  present,  but  the  attendant  symptoms  mistaken  for  those  of  croup,  Mr.  Henry 
Gray  records  the  following  case.  '  I  once  saw  a  little  boy  suffering  from  such 
urgent  dyspnoea  that  it  was  necessary  to  open  the  trachea.  The  symptoms  came  on, 
according  to  his  mother's  account,  on  the  disappearance  of  a  cherry  stone,  with  which 
he  had  been  playing ;  but  they  simulated  those  of  croup  so  closely  that  no  further 
attempt  was  made  to  search  for  a  foreign  body.  The  boy  died  ;  and,  after  death,  I 
found  the  cherry  stone  in  the  trachea.'  7 

1  Mackenzie,  Op.  cit. 

2  See  below,  <m  the  Foreign  Bodies  in  Pharynx  and  (Esophagus,  pp.  783,  786.  Also, 
Stokes,  On  the  Diagnosis  and  Treatment  of  Diseases  of  the  Chest,  Dublin,  1827 ;  Habicot, 
Mem.  de  I' Acad,  de  Chirurgie,  t.  xii.  p.  243,  ed.  in  12mo;  Desault,  CEuvres  Chirurg.  t.  ii.  pp. 
24G,  248.  3  Dublin  Medical  Press,  Feb.  9,  1859. 

4  Path.  Trans.  1851-52,  p.  250. 

5  Numerous  cases  illustrating  the  difficulty  of  diagnosis  are  quoted  by  Gross,  Op.  cit. 
See  also  Mem.  des  Corps  Etrangers  dans  les  Vines  Aeriennes,  Dr.  Bertkolle,  Paris,  1866. 

8  (iross,  Op.  cit.    See  also  Oaz.  Med.  1808,  p.  701,  for  a  striking  illustration  of  this  error. 

7  First  edition  of  this  work.  A  somewhat  analogous  case  is  recorded  by  Dr.  Conway 
Evans  in  the  Edinb.  Med.  Journal,  1860,  p.  036.  See  Holmes,  Surgical  'Treatment  of 
Children's  Diseases,  2nd  edit.  p.  295;  also  Limousin,  quoted  by  Bertbolle,  op.  cit.  p.  79,  for 
similar  examples. 
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Again,  a  foreign  substance  may  enter  the  air  passage  at  the  moment  that  a  blow 
or  other  injury  is  received,  or  at  the  commencement  of  a  fit.  Under  such  circum- 
stances the  difficulty  of  breathing  which  follows  is  not  unlikely  to  be  attributed 
to  the  effects  of  the  injury  or  fit,  and  the  real  cause  may  be  altogether  overlooked. 

A  child  playing  in  the  street  was  struck  by  the  shaft  of  a  jaunting  car.  The  bystanders 
declared  that  the  wheel  passed  over  her  breast.  She  so  far  recovered  in  a  few  minutes  as  to 
be  able  to  walk  home.  But  her  breathing  was  croupy;  she  suffered  from  intermittent 
cough,  and  incessant  restlessness.  At  the  end  of  about  thirty-eighthours  she  had  a  paroxysm 
of  convulsive  cough.  She  flung  her  head  on  the  pillow,  and  was  dead  in  an  instant.  On 
post-mortem  examination  a  portion  of  an  almond  shell  was  found  in  the  larynx,  with  its 
rough  broken  edge  in  the  rima  glottidis.  No  trace  of  injury  to  the  thorax  could  be  dis- 
covered. Mr.  Porter  1  remarks :  '  In  this  case,  the  existence  of  a  foreign  body  in  the  larynx 
or  trachea  had  never  been  suspected.  Nor  am  I  aware  that  any  symptom  observed  could 
have  warranted  such  a  supposition.  It  was  considered  as  difficult  breathing  resulting  from 
injury  of  the  neck  or  chest.' 

Such  cases  as  those  to  which  allusion  has  thus  been  made,  and  very  many  more 
that  might  be  quoted,  serve  to  show  that  there  may  be  very  great  difficulty  in  form- 
ing an  accurate  diagnosis.2  Extreme  care,  therefore,  is  requisite  on  the  part  of  the 
surgeon  in  every  case  in  which  the  symptoms  are  such  as  may  be  due  to  the  presence 
of  a  foreign  body  in  the  air  passage.  Inquiry  should  be  made  into  the  previous 
history  of  the  patient,  especially  as  to  the  existence  of  any  chest  or  throat  symptoms 
before  the  supposed  accident.  Inquiry  should  also  be  made  as  to  the  probable  pre- 
sence in  the  mouth  of  any  foreign  substance ;  and  the  size  and  shape  of  any  such 
substance  should  be,  if  possible,  ascertained. 

Cases  in  which  foreign  bodies  are  in  the  air  passages  may  be  distinguished  from 
those  in  which  respiration  is  obstructed  by  foreign  bodies  in  the  pharynx  or  oeso- 
phagus, by  the  comparative  facility  with  which  deglutition  is  accomplished  in  the 
former  cases,  and  the  difficulty  generally  experienced  in  the  latter.  The  differential 
diagnosis  may  be  generally  established  by  examination  with  the  finger,  or  by  passing 
a  probang  down  the  oesophagus.  In  any  doubtful  case  the  probang  should  be  passed 
without  hesitation.  If  the  foreign  body  should  be  in  the  food  passage,  not  only  will 
the  diagnosis  be  made,  but  relief  may  be  at  once  afforded.  And  if  the  foreign  body 
should  prove  to  be  in  the  air  passage,  no  barm  is  likely  to  arise  from  the  exploration 
of  the  gullet. 

The  symptoms  due  to  the  presence  of  a  foreign  body  in  the  air  passage  may  be 
distinguished  from  those  of  croup  or  laryngitis  by  the  sudden  severity  with  which 
they  make  their  appearance,  and  the  absence  of  all  premonitory  indications.  In  the 
former  case,  also,  there  is  at  first  little  or  no  pyrexia,  and  the  difficulty  of  breathing 
is  intermittent.  Severe  paroxysms  come  on  at  intervals,  and  then  for  a  time  sub- 
side. The  dyspnoea  is  especially  marked  during  expiration  :  the  reverse  of  this 
is  observed  in  laryngitis.  At  a  later  period,  when  inflammation  is  established, 
the  ordinary  symptoms  of  laryngitis  of  course  present  themselves ;  and  in  some 
cases  even  false  membranes,  similar  to  those  of  croup,  may,  as  already  stated,  be 
formed. 

Bronchitis,  pneumonia,  pleurisy,  and  phthisis  may  all  arise  in  consequence  of,  or 
in  association  with,  the  retention  of  foreign  bodies  during  prolonged  periods.  The 
exact  diagnosis  in  such  cases  is  generally  a  matter  of  extreme  difficulty.  Very 
numerous  cases  are  on  record  in  which  mistakes  have  been  made.3 

Results. — The  results  that  may  follow  the  entrance  of  foreign  bodies  into  the  air- 
passages  have  been  already  indicated.  They  may,  however,  be  recapitulated  with  a 
few  additional  observations. 

1.  The  foreign  body  may  be  expelled  through  the  glottis,  either  immediately  after 
its  entrance,  during  a  fit  of  coughing,  or  at  some  subsequent  period,  with  or  without 
having  produced  serious  structural  lesions. 

1  Op.  cit.  p.  193.  2  Upon  this  point,  see  Holmes,  Op.  cit.  p.  295. 

3  See  p.  762.  Also,  Bertholle,  Op.  cit.  p.  84  et  seq. ;  Bourdillat,  '  Des  Corps  Etrangers 
dans  les  Voies  Aeriennes,'  Gaz.  Med.  1868,  pp.  96, 121,  122.  This  article,  continued  through 
several  numbers  of  the  Gaz.  Med.,  contains  much  information,  and  analyses  of  a  great  number 
of  cases. 
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The  period  nt  which  expulsion  may  take  place  varies  greatly,  as  will  be  seen  from  the 
following  summary  of  136  cases,  in  each  of  which  spontaneous  expulsion  took  place,  and 
recovery  ensued.  It  must  be  borne  in  mind  that  very  few  cases  in  which  immediate  or  very 
speedy  expulsion  has  taken  place  have  been  deemed  worthy  of  publication  : — 


Period  of  expulsion.  Number  of  rases. 

Immediately,  or  in  less  than  24  hours  (i 

In  from  I  to  8  days  12 

„     8  to  30  days  1!) 

„      30  days  to  1  year   08 

„      1  year  to  17  years  31 


136 

Prof.  Gross  quotes  a  very  remarkable  case  (not  included  in  the  above  summary)  in  which 
a  portion  of  bone  is  stated  to  have  been  expelled  after  having-  been  retained  during  a  period 
of  sixty  years.    Recovery  followed.1 

2.  Death  may  occur  almost  immediately  after  the  entrance  of  the  foreign  body, 
from  suffocation,  or  at  a  subsequent  and  very  variable  period  from  the  same  canse ; 
or  fatal  haemorrhage  may  ensue,  as  in  Rokitansky's 2  case,  in  which  a  small  dart,  drawn 
into  the  trachea,  was  forced  into  the  innominate  artery  during  a  fit  of  coughing.  In 
some  cases  in  which  the  foreign  bodies  have  been  expelled,  death  from  exhaustion  or 
from  some  other  cause  has  nevertheless  resulted. 

3.  Various  structural  lesions  of  the  most  serious  and  often  fatal  character  may  be 
produced.  For  example,  inflammation  and  oedema,  or  ulceration  of  the  mucous 
membrane  of  the  larynx,  may  be  set  up  if  the  body  is  retained  in  the  upper  part  of  the 
windpipe  ;  or  if  it  has  descended  lower,  inflammation  of  the  lung  tissues,  followed  by 
consolidation,  or  suppuration,  ulceration,  or  gangrene,  may  be  caused.  Sometimes 
the  lung  substance  is  traversed,  and  the  pleura  reached.  In  such  cases  empyema 
occurs. 

A  good  illustration  is  afforded  by  the  case  recorded  by  Mr.  Carpenter 3  in  which  a  set  of 
four  false  teeth,  made  of  one  piece  of  ivory,  had  been  drawn  into  the  air  passage.  Thirteen 
years  afterwards  the  patient  died  after  an  attack  of  acute  pleurisy.  The  right  pleural 
cavity  contained  five  pints  of  seropurulent  fiuid,  and  in  it  were  found  the  artificial  teeth.  A 
fistulous  opening  was  observed  on  the  surface  of  the  lung,  through  which  it  wras  supposed 
the  teeth  had  passed. 

In  some  cases  pulmonary  emphysema  results.  In  others  the  foreign  body  seems 
to  serve  as  a  nucleus,  around  which  tuberculous  deposit  may  take  place. 

4.  In  some  rare  instances  foreign  bodies,  known  to  have  entered  the  air  passages, 
have  been  discharged,  long  afterwards,  through  abscesses  or  fistulous  openings  in  the 
thoracic  parietes.  In  other  instances,  perhaps  more  rare,  foreign  bodies  have  been 
similarly  discharged  which  can  only  be  supposed  to  have  passed  by  way  of  the  air 
passages,  or  possibly  through  the  food  passage. 

5.  Results  more  or  less  successful  may  follow  surgical  interference ;  or  death 
may  ensue,  even  though  the  foreign  bodies  have  been  removed. 

As  a  general  conclusion  to  this  part  of  the  subject,  it  may  be  definite^ 
and  decidedly  asserted  that  life  is  in  peril  so  long  as  a  foreign  body  of  appreciable 
size  is  retained  in  any  part  of  the  respiratory  tract.  At  the  same  time,  it  is  very 
uncertain  at  what  period  danger  may  become  imminent,  and  in  what  way  it  may 
arise. 

If  this  is  true,  as  all  experience  goes  to  prove,  it  is  obvious  that  the  surgeon 
should  lose  no  time  in  adopting  such  measures  as  may  secure  the  safety  of  the 
patient  by  aiding  the  removal  or  expulsion  of  the  foreign  body. 

The  following  carefully  compiled  summary  of  636  cases  must  be  taken  for  what 
it  may  be  worth,  but  it  certainly  seems  to  furnish  a  strong  argument  in  favour  of 
operative  measures.  It  should  be  premised  that  no  case  is  included  in  which  death 
or  expulsion  immediately  followed  the  accident. 

1  Gross,  Op.  cit.  p.  172,  quoted  from  New  York  Journal  of  Medicine. 

2  Pathological  Anatomy.    (Vol.  i.  p.  37.    Sydenham  Society.    Translation  by  Day. ) 

3  Guy's  Hosp,  Mepts.  1st  Series,  vol.  vii.  p.  353. 
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Results  op  Cases  oy  Foreign  Bodies  in  the  Air  Passages. 


1.  Cases  in  which  no  operation  was  performed  : — 

Total  No.  of 

Cases 

Recoveries 

Deaths 

Kesult. 

Death  without  expulsion  of  foreign  body 

Spontaneous  expulsion  of  foreign  body 

Expulsion  after  emetics  (recorded  as  useless  in  16 

Discharge  at  late  period  through  thoracic  abscess 

102 
176 

7 

13 

161 
7 

-  8 

102 
15 

5 

Total  of  cases  not  operated  upon  

298 

176 

122 

2.  Cases  in  which  operative  measures  were  adopted  : — 

UJrJiiKAllUIN . 

Direct  extraction  through  the  mouth  .... 
Inversion  of  body  and  succussion  .... 
Laryngotomy,  followed  by  expulsion  or  extraction 

,,          not  followed  by  expulsion  . 
Laryngo-chondrotomy — laryngo-tracheotomy 

9 

15 
16 

3 
32 
263 

9 

15 
15 

25 
196 

— 

'  J  "' 
3 
7 
67 

338 

260 

7S 

Total  number  of  cases,  operated  upon  or  not 

636 

436 

200 

It  would  thus  appeal1  that  in  the  cases  above  summarised  in  which  no  operation 
was  performed,  death  resulted  in  about  4094  per  cent.;  and  recovery  in  about  59 '06 
per  cent.  On  the  other  hand,  in  the  cases  in  which  operative  measures  were  l'esorted 
to,  death  resulted  in  about  23"08  per  cent. ;  and  recovery  in  76*92  per  cent.  The 
general  result,  therefore,  appears  greatly  in  favour  of  operative  measures. 

Treatment.- — When  a  foreign  body  is  known  to  be  retained  in  some  part  or  other 
of  the  air  passage,  the  promptest  treatment  is  demanded.  The  surgeon  should  not 
trust  to  the  unaided  efforts  of  nature  to  expel  the  extraneous  substance,  nor  should 
he  for  an  instant  leave  the  patient  unwatched  until  safety  is  assured.  Temporising 
measures  should  never  be  persisted  in  when  once  the  means  of  affording  effectual 
relief  are  at  hand.  Emetics,  sternutatories,  and  such  like  '  remedies '  should  not  be 
administered.  They  are  almost  certain  t~>  increase  the  distress  of  the  patient,  and 
they  have  very  rarely  been  found  to  be  productive  of  any  good  result. 

If  the  circumstances  of  the  case  permit,  the  attempt  should  always  be  made  to 
detect  the  foreign  body  by  aid  of  the  laryngoscope,  and  to  remove  it  at  once  by  direct 
extraction.  An  excellent  case  is  recorded  by  Mackenzie  in  which  he  succeeded  in 
thus  removing  a  portion  of  bone.1  Other  moi'e  or  less  similar  cases  are  on  record. 
In  very  many  instances,  however,  in  which  the  foreign  body  is  in  the  larynx,  the 
symptoms  are  so  urgent  that  no  time  is  to  be  lost.  It  is  necessary,  therefore,  to 
defer  the  laryngoscopical  examination  until  the  safety  of  the  patient  has  been 
ensured  by  opening  the  windpipe. 

Inversion  and  succussion  of  the  body  of  the  patient  have  proved  successful  in 
some  few  cases — in  three  within  my  own  experience — but  in  many  more,  this 
method  has  been  tried  in  vain ; 2  and,  as  in  the  case  of  Brunei,  it  has  frequently 
caused  much  distress.3  It  cannot  be  considered  as  altogether  free  from  risk,  for 
when  the  patient  is  inverted,  the  foreign  body  may  fall  from  the  trachea  into  the 
larynx,  and  there  become  arrested.  In  such  case  occlusion  of  the  glottis  and 
instant  suffocation  may  ensue.  It  should  not,  therefore,  be  attempted  unless  the 
surgeon  is  prepared  to  open  the  windpipe  at  once  in  case  of  need. 

As  a  general  rule,  the  windpipe  should  be  opened  with  as  little  delay  as  possible 
in  every  case  in  which  a  foreign  body  is  certainly  known  to  be  retained  in  any  part 
of  the  aii  passage.    By  this  means  the  immediate  safety  of  the  patient  is  secured, 

1  Trans.  Path.  Soc.  Vol.  xviii.  p.  27.  2  Gross,  Op.  ext.  p.  205.   Numerous  examples. 

3  Med.'Chir.  'Trans,  vol.  xxvi.  p.  280. 
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and  the  subsequent  expulsion  or  removal  of  the  foreign  body  is  aided.  In  some 
cases  there  is  not  a  moment  to  lose;  the  windpipe  must  be  opened  at  once.  Some- 
times the  patient  may  cease  to  breathe  before  this  is  accomplished.  The  operation 
should  nevertheless  be  completed,  and  artificial  respiration  instituted  and  persever- 
ingly  maintained.  In  other  cases  there  is  ample  opportunity  for  the  administration 
of  chloroform,  which  should  always  be  given  if  practicable  ;  it  allays  spasm,  and  the 
surgeon  may  operate  with  deliberation.  In  other  cases,  again,  the  symptoms  may 
be  so  slight  that  the  surgeon  may  be  inclined  to  hesitate  before  adopting  such  severe 
treatment  as  that  recommended.  But  there  is  great  danger  in  delay.  An  interval 
of  calm  constantly  precedes  the  recurrence  of  urgent  symptoms.  Temporary  freedom 
from  distress  must  not  be  regarded  as  contraindicating  the  operation,  but  rather  as 
affording  the  best  opportunity  for  its  performance.  If  the  surgeon  hesitates  to 
operate  under  favourable  circumstances,  he  may  be  compelled  to  do  so  in  the  greatest 
haste  and  under  the  greatest  difficulties.  In  such  case  his  chance  of  success  is 
comparatively  small.  Opening  the  windpipe  cannot  be  considered  in  itself  a 
dangerous  operation,  if  performed  with  due  deliberation  and  care.  The  risks 
associated  with  it  depend  rather  upon  the  conditions  which  render  it  necessary,  or 
upon  the  ill  effects  of  the  retention  of  the  cannula  in  the  air  tube.  Such  risks  are 
proved  by  experience  to  be  considerably  less  when  the  operation  is  performed  on 
account  of  the  presence  of  a  foreign  body,  than  they  are  when  it  is  performed  on  any 
other  account.  The  expulsion  or  extraction  of  the  foreign  body,  if  effected  early,  at 
once  removes  the  great  source  of  danger ;  and  there  is  rarely  any  necessity  for  the 
prolonged  retention  of  the  cannula,  if  even  it  has  been  found  necessary  to  introduce 
it  for  a  time. 

The  part  of  the  windpipe  which  should  be  opened  depends  upon  the  position 
which  the  foreign  body  is  believed  to  occupy ;  and  also  to  a  certain  extent  upon 
the  age  of  the  patient,  and  the  size  and  character  of  the  extraneous  substance. 

When  the  symptoms  indicate  that  the  foreign  body  is  in  the  larynx,  laryngotomy 
should  be  performed.  First,  because  in  such  cases  the  symptoms  are,  as  a  rule,  most 
urgent,  and  this  operation  is  the  most  easily  and  most  quickly  performed ;  and, 
secondly,  because  an  opening  through  the  cricothyroid  membrane  is  near  to  the  foreign 
body,  and  consequently  is  favourably  situated  for  future  proceedings.  A  large  open- 
ing should  be  made  at  once.  If  the  patient  is  very  young,  and  the  cricothyroid 
space  does  not  permit  an  opening  of  satisfactory  extent,  the  incision  may  be  carried 
downwards,  and  the  operation  of  laryngo-tracheotomy  accomplished.  But  it  is 
better  not  to  do  this  unless  absolutely  necessary.  It  frequently  happens  that  the 
full  access  of  air  to  the  lungs,  thus  afforded,  enables  the  patient  to  expel  the  foreign 
body  at  once,  either  through  the  glottis  or  through  the  opening  made.  If  expul- 
sion should  not  immediately  take  place,  the  best  plan  is  to  introduce  a  cannula — or 
better,  to  hold  apart  the  edges  of  the  wound,  and  wait  a  while.  In  the  course  of  a 
short  time  the  spasmodically  contracted  muscles  of  the  larynx  may  become  relaxed ; 
and  the  foreign  body  being  thus  set  at  liberty,  may  be  expelled.  The  cannula  secures 
freedom  of  respiration  ;  and  by  its  pressure  serves  to  arrest  haemorrhage,  and  to  pre- 
vent the  entrance  of  blood  into  the  air  passage.  When  the  patient  has  recovered 
from  the  immediate  effects  of  the  operation,  if  the  foreign  body  still  remains  unex- 
pelled,  attempts  may  be  made  to  dislodge  it  by  removing  the  cannula  and  exploring 
the  larynx  by  means  of  a  probe  or  other  instrument.  Great  care  is  necessaiy  in 
doing  this. 

A  case  came  under  my  observation  some  time  ago  in  which  a  probe  was  repeatedly  passed 
through  the  larynx  up  into  the  mouth,  and  the  finger  was  also  passed  down  through  the  mouth 
into  the  larynx,  hut  no  foreign  body  was  discovered.  The  child  seemed  free  from  all  distress 
and  breathed  well  through  the  larynx.  It  was  supposed  that  the  foreign  body  had  been 
dislodged  and  coughed  up,  although  it  could  not  be  found.  In  the  course  of  a  few  hours 
symptoms  of  suffocation  suddenly  came  on,  and  before  assistance  could  be  rendered  the  child 
was  dead.  On  examination  a  piece  of  apple-core  was  found  in  the  rima  glottidis,  sticking 
across  from  one  ventricle  of  the  larynx.    Several  similar  cases  have  been  recorded. 

If  the  foreign  body  is  small  and  smooth  and  flexible,  it  may  easily  escape  detec- 
tion by  a  probe.    A  larger  instrument  should  be  used.    The  upper  end  of  a  gum- 
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elastic  catheter  may  be  recommended.  The  small  ivory  cap,  with  its  fiat  top  and 
hole  in  the  centre,  renders  this  instrument  well  adapted  for  the  purpose ;  but  it 
must  be  used  with  care. 

After  laryngotomy  has  been  performed,  and  while  the  patient  is  breathing  freely 
and  safely  through  the  cannula,  laryngoscopical  examination  may  be  made  under 
favourable  circumstances.  If  the  foreign  body  is  seen,  it  may  be  extracted  by 
forceps,  of  appropriate  curve  and  length.  The  ordinary  laryngeal  forceps,  opening 
either  laterally  or  anteroposteriorly,  according  to  circumstances,  may  be  used,  but 

Fig.  107. — Laryngeal  Forceps,  the  blades  of  which  open  laterally. 


Fig.  10S. — Laryngeal  Forceps,  the  blades  of  which  open  anteroposteriorly. 


Fig.  109. — Mackenzie's  Laryngeal  Forceps. 


61 


Fig.  110. — Durham's  Flexible  Forceps. 


Mackenzie's  laryngeal  forceps  (fig.  109)  are  much  better.  The  stem  of  this  instru- 
ment is  so  slender  as  not  to  obscure  the  view.  The  blades  (b)  are  so  arranged 
that  they  can  be  turned  by  the  screw  (a),  so  as  to  open  in  any  direction.  They  are 
closed  by  pressure  upon  the  trigger  (c).  Forceps  modified  from  the  pattern  of 
Messrs.  Robert  et  Collin  (of  Paris)  are  often  suitable  (p.  790). 

Messrs.  Mayer  and  Meltzer  have  recently  made  for  me  the  forceps  figured  above, 
especially  designed  for  the  extraction  of  foreign  bodies  from  different  parts  of  the 
air  passages,  either  through  the  mouth  or  some  artificial  opening.  The  slenderness 
of  the  stem,  and  its  capability  of  being  curved  or  bent  in  any  direction  and  to  any 
extent,  render  this  instrument  readily  adaptable  both  for  searching  for,  and  seizing 
foreign  bodies  or  growths  in  various  parts  of  the  air  tube. 

If  the  foreign  substance  cannot  be  extracted  by  such  means,  inversion  and  suc- 
cussion  of  the  patient  may  be  tried.  There  can  be  no  risk  in  making  the  attempt 
after  the  larynx  has  been  opened  ;  and  in  some  instances  success  has  resulted.  The 
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celebrated  case  of  Brunei,  to  which  reference  has  already  been  made,  affords  an  ex- 
cellent illustration.  This  method  is  most  likely  to  prove  successful  if  the  foreign 
body  is  smooth,  rounded,  and  heavy,  as  a  piece  of  money,  a  shot,  or  a  bullet. 

But  it  may  happen  that  the  foreign  body  still  remains  fixed  in  the  larynx  after 
full  opportunity  has  been  afforded  for  its  expulsion,  and  fair  trial  has  been  given  to 
the  several  modes  of  treatment  already  specified.  In  such  case  the  surgeon  should 
not  hesitate  to  cut  through  the  thyroid  cartilage  (Thyrotomy)1  and  other  structures 
so  far  as  needful  (Laryngo-chrondrotomy).  The  interior  of  the  larynx  may  be  thus 
fully  exposed,  and  the  foreign  body  certainly  found  and  removed.  The  incision 
through  the  thyroid  cartilage  should  be  canied  perpendicularly  upwards  from  the 
opening  in  the  cricothyroid  membrane  already  made,  and  should  be  strictly  in  the 
middle  line  ;  it  may  also  be  extended  downwards  if  needful,  through  the  cricoid  car- 
tilage. This  operation  may  be  performed  perhaps  somewhat  more  advantageously  if 
the  trachea  rather  than  the  larynx  has  previously  been  opened.  In  the  former  case 
the  cannula  may  be  retained  during  the  operation,  and  the  entrance  of  blood  into  the 
air  passage  readily  prevented  by  the  introduction  of  a  piece  of  sponge  or  amadou 
immediately  after  the  section  into  the  larynx  has  been  made ;  or  a  Trendelenburg's 
Tampon  Cannula  may  be  introduced  through  the  tracheal  opening  before  the  larynx- 
is  cut  into.  There  is  no  difficulty  in  the  performance  of  this  operation,  and  there 
would  not  appear  to  be  much  risk  involved.  Such,  at  least,  has  been  my  own  ex- 
perience. In  at  least  eighteen  cases,  it  has  proved  successful.  And  I  do  not  find 
on  record  a  single  case  in  which  death  has  resulted  from  the  operation.  In  some  of 
the  cases  the  voice  has  been  more  or  less  permanently  affected,  but  in  none  of  them, 
with  perhaps  one  exception,  to  a  serious  extent.  A  similar  proceeding  has  been 
much  more  frequently  adopted  for  the  removal  of  morbid  growths  in  the  larynx, 
but  with  much  less  satisfactory  issue.2 

The  period  at  which  this  operation  should  be  performed  must  depend  upon  the 
circumstances  and  conditions  of  the  particular  case  under  consideration.  As  a 
general  rule,  the  earlier  it  is  done,  the  better  chance  is  there  of  complete  success ; 
the  longer  the  foreign  body  is  allowed  to  remain  in  the  larynx,  the  more  likely  is  it 
to  set  up  inflammation,  ulceration,  and  other  structural  lesions.  I  have  performed 
this  operation  twice  with  the  most  successful  results,  and  two  other  cases  have  come 
under  my  immediate  cognisance.  In  each  of  these,  however,  there  could  be  no  doubt 
but  that,  if  the  operation  had  been  performed  much  earlier,  the  patient  would  have 
been  spared  considerable  suffering  and  many  risks.3 

After  the  foreign  body  has  been  extracted,  the  edges  of  the  incision  through  the 
thyroid  cartilage  should  be  brought  together,  and  secured  by  sutures,  not  passed 
through  the  mucous  membrane.  It  may  be  well  to  retain  the  laryngeal  or  tracheal 
cannula  for  two  or  three  days,  or  until  all  indications  of  laryngeal  mischief  have 
passed  away.  In  one  case  4  I  am  informed  that  for  a  very  long  period  it  has  con- 
tinued necessary  to  retain  the  cannula ;  but  this  was  a  case  in  which  the  operation 
was  long  delayed,  and  serious  laryngeal  mischief  had  been  set  up. 

Dr.  Lefferts,  of  New  York,  has  recorded  an  interesting  and  probably  unique  case 
in  which  he  made  an  opening  through  the  thyrohyoid  membrane  (see  '  Subhyoidean 
Laryngotomy '),  and  succeeded  in  removing  a  brass  ring  which  had  been  lodged  in 
the  larynx  for  four  years  ;  and  he  would  appear  to  advocate  this  method  in  similar 
cases  in  which  a  foreign  body,  impacted  in  tho  upper  part  of  the  larynx,  cannot  be 
removed  through  the  mouth. 

1  The  term  Thyrotomy,  although  commonly  used  to  indicate  section  of  the  thyroid  cartilage, 
would  seem  to  be  more  applicable  to  the  operation  of  removing  the  thyroid  body.  I  would 
venture  to  propose  that  any  operation  in  which  section  of  one  or  other  or  both  of  the 
laryngeal  cartilages  is  made  should  he  termed  '  Laryngo-chondrotomy.' 

,JL  Upon  this  subject,  see  an  excellent,  monograph  by  Dr.  Charles  Plauchon,  De  Laryngo- 
tomie,  Paris,  1869.  Also  Durham,  '  Cases  of  Operation  on  the  Larynx,'  Guys  Hospital 
Reports,  3rd  Series,  vol.  xii.  p.  540.  Transactions  Med.-Chir.  Soc.  vol.  lv.  Durham  on  Section 
of  Laryngeal  Cartilages.  Also  Holmes,  Op.  cit.  298,  311.  See  the  essay  on  Diseases  of  the 
Larynx."  An  excellent  paper  on  'Thyrotomy  for  the  Removal  of  Foreign  Bodies,'  by 
Mr,  Holmes,  was  read  before  the  Royal  Medical  and  Chirurgical  Society  quite  recently 
(see  Med.  Chvr.  Trans.  1882). 

3  Op.  supra  cit.  pp.  544-5.  4  Croft,  Med.  Times  and  Oar.,  vol.  ii.  1880. 
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When  the  symptoms  indicate  that  the  foreign  body  is  in  the  trachea  or  one  of  the 
bronchi,  tracheotomy  should  be  performed.  The  opening  made  into  the  air  tube 
should  be  of  considerable  extent,  and  as  low  down  as  practicable.  Hilton  recom- 
mended that  a  transversely  valvular  opening  should  be  made.  It  has  been  suggested 
that  a  portion  of  the  trachea  should  be  cut  completely  out,  but  such  a  proceeding  can 
never  be  necessary,  and  if  adopted  is  not  unlikely  to  be  followed  by  serious  conse- 
quences at  a  later  period.  The  edges  of  the  opening,  whether  simply  longitudinal 
or  valvular,  should  be  held  well  apart  by  means  of  blunt  hooks,  or  bent  wires,  or 
dressing  forceps,  or  some  such  dilator  as  that  represented  in  fig.  112.  Mr.  Golding 
Bird's  Tracheal  Dilator  is  well  adapted  for  the  purpose.1    Or  silk  or  wire  ligatures 


may  be  passed  through  each  edge  of  the  wound  and  tied  behind  the  neck  of  the 
patient.  In  many  cases  the  foreign  body  is  immediately  expelled  through  the 
opening,  or  through  the  larynx  and  mouth,  and  sometimes  with  very  considerable 
force.  If  immediate  expulsion  does  not  take  place,  the  effect  of  inversion  and 
succussion  may  be  tried.  If  this  should  fail,  it  is  generally  better  to  wait  for  a  time, 
the  patency  of  the  opening  in  the  trachea  being  secured.  In  some  cases  a  cannula 
may  be  introduced  with  advantage,  and  the  patient  allowed  to  recover  thoroughly 
from  the  immediate  effects  of  the  operation.  It  cannot  be  too  constantly  borne  in 
mind  that  in  a  large  proportion  of  the  cases  that  have  done  well,  expulsion  has  not 


Fig.  113. — Gross's  Tracheal  Forceps. 


been  effected  until  some  time  after  the  operation.2  The  surgeon  therefore  should 
neither  feel  disappointment  nor  regret  at  what  he  has  done,  even  though  the  foreign 
body  should  not  be  speedily  ejected,  and  the  first  attempts  at  removal  should  utterly  fail. 

If  the  foreign  body  is  still  retained  after  full  opportunity  for  its  expulsion  has 
been  afforded,  attempts  may  be  made  to  detect  and  remove  it  by  means  of  properly 
curved  forceps,  introduced  through  the  opening,  and  directed  upwards  or  downwards 
according  to  circumstances. 

The  forceps  of  Professor  Gross  (fig.  113)  are  good;  they  are  long  and  slender, 
and  made  of  German  silver,  so  that  they  can  be  bent  in  almost  any  direction  that  may 
be  requisite.  My  flexible  forceps  (fig.  110,  p.  767)  are,  I  believe,  better,  inasmuch  as 
they  present  similar  advantages  in  a  greater  degree,  and  afford  a  stronger  grip.  I 
have  repeatedly  used  them  with  advantage,  notably  in  a  case  in  which  by  their  aid  I 
seized  and  extracted  a  plum  stone  from  the  right  bronchus  of  a  little  boy,  a  patient 
of  Dr.  Henty's,  of  Oainden  Town.  In  some  cases  snares  made  of  looped  wire  have 
been  advantageously  used.  By  such  means  Mr.  Hulke  removed  a  tracheotomy 
cannula  which  had  fallen  into  the  trachea.3    In  other  cases  a  blunt  hook  formed  by 

1  See  Lancet,  March  12,  1881.    2  See  Table,  page  770.     3  Med.  Chir.-Trans  vol  lx 
Vol.  I.  3D 
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bending  up  the  end  of  a  probe  has  been  successfully  used.  The  introduction  of  any 
instrument  into  the  trachea,  or  either  of  the  bronchi,  usually  excites  violent  convul- 
sive cough,  with  heaving  of  the  chest  and  lividity  of  the  face.  The  violent  cough 
excited  sometimes  leads  to  the  expulsion  of  the  foreign  body,  or  drives  it  between  the 
blades  of  the  forceps. 

If  the  foreign  body  is  comparatively  large,  and  is  impacted  in  the  upper  part  of 
the  trachea,  it  is  better  to  introduce  a  cannula  into  the  tracheal  wound,  and  to  wait 
until  all  spasm  has  had  time  to  subside,  and  the  parts  are  in  a  less  irritated  condition. 
If  the  foreign  body  is  comparatively  small,  and  is  situated  in  the  lower  part  of  the 
trachea,  or  has  become  impacted  in  one  of  the  bronchi,  it  is  better  to  lose  no  time  in 
attempting  to  extract  it  by  forceps  or  other  means.  Some  substances,  such  as  peas, 
beans,  &c,  may  swell  by  absorption  of  moisture,  and  thus  become  more  firmly 
impacted.1    And  others,  as  pebbles,  shot,  &c,  by  reason  of  their  weight  and  hardness, 
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1.  (Just's  in  ivhicli  tccovc  r  tj  took  j/lucc : — 

No.  of  cases 

Totals 

Totals 

Mode  and  Period  of  Expulsion  or  Removal. 

Spontaneous  expulsion  through  the  tracheal  opening  : 

a.  Immediately  after  the  operation  .... 

b.  Within  24  hours  ....... 

c.  At  some  subsequent  period  ..... 

41 
13 
10 

Total  of  cases  of  expulsion  through  tracheal  opening  . 

64 

Spontaneous  expulsion  through  the  mouth  . 

a.  lm mediately  after  the  operation  .... 

b.  At  some  subsequent  period.  ..... 

15 
20 

Total  of  cases  of  expulsion  through  mouth  . 

35 

Removal  by  forceps,  or  other  instruments,  &c. : 

a.  Immediately  after  the  operation  .... 

b.  At  some  subsequent  period  ..... 

40 
18 

Total  of  cases  of  removal  by  forceps,  &c. 

58 

Total  number  of  cases  in  which  recovery  took  place 

157 

2.  Cases  in  which  death  occurred  : — 

Retention,  Expulsion,  or  Removal  op  Foreign  Body 

Uetention  until  death  ....... 

Expulsion  : 

a.  Through  the  mouth,  immediately  after  the  opera- 

tion a  ........ 

b.  Through  the  opening,  immediately  4 
Removal  by  forceps 3  ...... 

48 

2 
2 
3 

48 

Total  of  cases  of  expulsion  or  removal  .... 

7 

Total  of  cases  in  which  death  occurred 

55 

Total  number  of  cases  analysed  

212 

212 

212 

1  See  in  illustration  a  case  by  Mr.  Bryant,  Gut/'s  Husp.  Repts.  3rd  Series,  vol.  vi.  p.  14. 

a  Mr.  Barwell  relates  a  case,  and  refers  to  six  others  in  which  tracheotomy  was  performed  on 
account  of  foreign  bodies  believed  to  be  in  the  air  passages,  but  in  which  no  foreign  bodies 
were  found.  I  n  all  these  cases  the  symptoms  disappeared  and  the  patients  recovered.  Trans. 
Cluneal  Soc.  1H7-J,  p.  L26. 

8  Death  from  bronchopneumonia,  seven  days  afterwards  in  one  case,  and  in  the  other 
irom  similar  cause  at  unspecified  period. 

1  Death  in  one  case  forty  hours  after  operation,  from  convulsions;  in  another,  eight  months 
alter  wards,  from  pulmonary  disease. 

5  In  one  case  the  patient  did  not  rally;  in  another,  death  occurred  fiftv-three  hours 
afterwards,  from  blood  getting  into  the  trachea ;  and  in  t  he  third,  the  patient  died  from  pul- 
monary ucdema. 
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may  soon  find  their  way  on  into  one  of  the  second  or  third  bronchial  divisions,  and 
thus  get  hopelessly  beyond  reach.  Dr.  H.  B.  Sands  1  has  pointed  out  that  'in adults 
the  bifurcation  of  the  trachea  and  the  orifice  of  each  primary  bronchus  can  be  reached 
by  the  forefinger  introduced  through  an  ordinary  tracheotomy  wound ;  and  that 
when  desirable  the  little  finger  can  be  passed  upwards  into  the  larynx,  so  as  to 
detect  either  a  foreign  body  or  a  morbid  growth.'  This  fact  may  be  readily  verified 
on  the  cadaver,  and  its  practical  value  is  very  great,  as  was  well  illustrated  in  a  case 
under  the  care  of  Dr.  Gordon  Buck,  in  which  Dr.  Sands  readily  felt  and  determined 
the  exact  position  of  a  hard  india-rubber  tracheotomy  tube  which  had  fallen  into 
the  trachea  and  become  impacted  in  the  right  bronchus.  The  tube  having  been  felt 
was  easily  extracted. 

The  preceding  summary  of  212  cases  (table,  p.  770)  in  which  tracheotomy  was  per- 
formed on  account  of  the  presence  of  foreign  bodies  in  the  air  passages  may  serve  to 
indicate  to  a  certain  extent  the  general  results  that  have  hitherto  attended  the  opera- 
tion in  such  cases.  The  careful  consideration  of  individual  cases  supplies  still  stronger 
arguments  in  favour  of  the  operation,  and  goes  to  show  that  in  most  of  the  fatal 
cases  death  was  due  in  no  respect  to  the  operation,  but  to  delay  in  its  performance, 
or  to  some  failure  or  deficiency  in  the  measures  subsequently  adopted. 

Bronchotomy. 

Under  the  general  term  Bronchotomy  are  included  the  several  operations  named, 
respectively,  Laryngotomy,  Laryngo-tracheotomy,  and  Tracheotomy  superior  and 
inferior.  In  each  of  these  an  opening  is  made  into  the  windpipe,  either  to  afford 
relief  in  case  of  obstructed  respiration  from  whatever  cause,  or  to  facilitate  the 
expulsion  or  extraction  of  a  foreign  body,  or  the  removal  of  a  morbid  growth.  Each 
operation  has  its  own  peculiar  merits  and  advantages,  difficulties  and  dangers,  and 
shares  others  which  are  more  or  less  common  to  all  three.  In  deciding  which  to 
perform,  the  surgeon  must  be  guided  in  every  case  by  the  particular  conditions 
which  render  the  operation  necessary,  and  also  by  the  age  and  development  of  the 
patient.  That  which  would  be  the  worst  operation  in  one  case,  may  be  clearly 
indicated,  nay  absolutely  demanded,  in  another. 

Laryngotomy  is  by  far  the  easiest  operation  to  perform,  and  its  execution  is 
attended  by  least  risk  •  but  it  is  not  so  generally  applicable  as  the  others,  and  it 
may  involve  subsequent,  and  possibly  immediate,  damage  to  the  vocal  apparatus. 
Laryngo-tracheotomy  is  easy  in  execution,  and  not  accompanied  by  any  immediate 
source  of  danger ;  but  it  is  liable  to  be  followed  by  more  or  less  permanent  impair- 
ment of  the  voice,  from  the  injury  necessarily  inflicted  on  the  cricoid  cartilage  and 
parts  therewith  connected..  Tracheotomy  is  a  comparatively  difficult  operation,  and 
during  its  performance  dangers  may  have  to  be  encountered  greater  and  more 
numerous  than  those  met  with  in  either  of  the  others ;  but  it  is  by  far  the  most 
generally  applicable,  and,  when  once  safely  accomplished,  is  least  likely,  perhaps,  to 
be  followed  by  permanent  ill  effects.2 

Ancesthetics. — Whichever  operation  may  be  selected,  chloroform  rather  than  ether 
should  be  administered  when  practicable.3  In  a  very  large  majority  of  cases  it 
renders  respiration  easier  by  allaying  spasm  :  it  thus  increases  the  safety  of  the 
patient,  and  relieves  the  surgeon  from  the  demand  which  might  otherwise  arise  for 
dangerous  haste  in  the  accomplishment  of  the  operation. 

In  cases,  however,  in  which  suffocation  is  imminent  from  sudden  obstruction  the 
administration  of  chloroform  is  inadmissible.  And  it  is  unnecessary  if  the  patient  is 
already  almost  or  entirely  insensible  from  slow  asphyxiation. 

1  American  Clinical  Lectures,  vol.  ii.  p.  1!)9.    Putnam.  New  York,  1876. 

2  On  the  comparative  merits  of  these  operations,  especially  in  childhood,  see  the  chapter 
on  Tracheotomy  in  Holmes's  Surgical  Treatment  of  Children's  Diseases,  2nd  edit,  p  oli'  et 
seq.    Also  Mr.  Marsh's  article  on  Tracheotomy,  St.  Barth.  ffiosp.  JRepts.  vol.  iii.  pp.  337,  838. 

3  Upon  this  point  there  is,  however,  considerable  difference  of  opinion.  Mackenzie 
considers  '  the  administration  of  chloroform  increases  the  risk  of  the  operation  '  (Op.  cit. 
p.  547) ;  and  this  opinion  is  shared  by  some  surgeons  of  experience. 

3  d  2 
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Position,  <(c. — -Again,  whichever  operation  is  to  be  performed,  the  patient,  under 
the  influence  of  chloroform  or  not,  must  be  securely  held  in  proper  position  before  the 
knife  is  used.  This  is  especially  requisite  if  the  opening  is  to  be  made  into  the  trachea,. 

The  patient  should  lie  upon  the  back.  A  good  firm  pillow  should  be  placed 
flnder  the  shoulders  and  upper  part  of  the  chest.  The  head  must  not  be  propped 
forwards  by  any  pillow,  but  must  be  thrown  well  back,  and  held  perfectly  straight 
until  the  operation  is  completed.  The  chin  must  be  elevated.  The  shoulders  should 
be  drawn  downwards.  This  may  be  effected  in  the  adult  by  traction  upon  the  upper 
extremities ;  but  in  the  child  it  is  better  to  make  use  of  a  shawl  or  towel,  arranged 
behind  the  shoulders,  and  carried  on  each  side  in  front  over  the  acromion  and  upper 
extremity,  then  crossed  and  securely  fastened  behind  and  below.  A  small  firm  pad — 
Sands  suggests  a  wine  bottle — should  be  placed  under  the  neck,  so  as  to  maintain  or 
increase,  as  far  as  practicable,  the  anterior  convexity  of  the  cervical  spine,  and  thus 
to  throw  the  windpipe  forward.  By  such  means,  future  proceedings  are  greatly 
facilitated.  When  the  patient  is  in  the  position  described,  it  is  comparatively  easy 
to  recognise  by  the  touch  the  several  parts  which  serve  as  guides  to  the  surgeon  in 
the  several  operations  under  discussion.  These  parts  are  the  thyroid  cartilage,  the  crico- 
thyroid membrane,  the  cricoid  cartilage,  the  upper  part  of  the  trachea,  and  the 
isthmus  of  the  thyroid  body.  The  precise  situation  of  each  of  these  should  always 
be  distinctly  made  out,  if  possible,  before  the  knife  is  used.  But  it  is  often  very 
difficult  to  do  so,  especially  in  the  case  of  a  young,  short-necked,  fat  child.  It  has 
happened  that  the  opening  has  been  made  through  the  thyrohyoid  membrane  or 
through  the  thyroid  cartilage,  instead  of  at  the  spot  intended.1  Tn  the  adult  subject 
it  is  generally  easy  enough  to  make  out  the  several  parts  mentioned,  with  the  ex- 
ception sometimes  of  the  thyroid  isthmus,  the  position  of  which,  however,  can  be 
readily  estimated  if  the  cricoid  cartilage  is  distinctly  felt.  The  notch  in  the  upper 
border  of  the  thyroid  cartilage  may  serve  to  indicate  the  middle  line  of  this  structure 
when  its  median  ridge  is  not  recognisable.  The  middle  points  of  the  lower  jaw, 
the  thyroid  cartilage,  and  the  upper  bol  der  of  the  first  piece  of  the  sternum,  give  the 
line  in  which,  in  all  of  these  operations,  the  incisions  are  to  be  made,  and  from  which 
they  should  never  deviate. 

1.  LARYNftOTOMY. — In  this  operation  theopeninginto  the  windpipe  is  made  through 
the  cricothyroid  membrane.  The  operation  is  simple,  e;isy,  and  free  from  risk.  It 
is  performed  as  follows  : 

Chloroform  having  been  administered  or  not,  the  patient  is  put  into  proper- 
position,  and  the  precise  situation  of  the  cricothyroid  space  is  ascertained.  The 
larynx  is  then  steadied  between  the  fingers  and  thumb  of  the  left  hand  of  the  opera- 
tor, and  the  skin  to  be  incised  is  at  the  same  time  rendered  moderately  tense.  A 
perpendicular  incision,  an  inch  or  more  in  length,  is  next  made  in  the  middle  line 
through  the  integuments  over  the  lower  half  of  the  thyroid  cartilage,  the  crico- 
thyroid space,  and  the  cricoid  cartilage.  The  fascia  between  the  two  sternohyoid 
muscles  and  the  areolar  tissue  are  then  divided,  and  the  cricothyroid  membrane  is 
exposed.  The  knife  is  then  passed  at  once  transversely  through  this  membrane,  and 
the  mucous  membrane  which  lines  it,  into  the  larynx.  Care  must  be  taken  to  pene- 
trate the  mucous  membrane  effectually.  When  this  is  done,  air,  blood,  and  mucus 
are  immediately  and  forcibly  expelled  in  such  a  manner  as  removes  all  doubt. 

During  the  course  of  the  operation  the  edges  of  the  wound  may  be  held  apart  by 
retractors,  and  bleeding  vessels  may  be  secured.  The  only  vessels  at  all  likely  to 
give  rise  to  troublesome  hemorrhage  arc  the  cricothyroid  arteries  (branches  of  the 
superior  thyroid),  which  anastomose  over  the  cricothyroid  membrane.  If  seen,  they 
may  be  pushed  out  of  the  way  before  the  membrane  is  penetrated.  Cases  are  re- 
corded in  which  serious  and  even  fatal  haemorrhage  has  occurred  from  these  vessels 

As  a  general  rule,  however,  if  wounded,  they  are  easily  secured,  by  ligature 
torsion.    Unless  the  symptoms  are  very  urgent,  it  is  desirable  to  arrest  all  Inoinor 


'  Marsh,  Op.  cit.  p.  ;J4'J. 


2  Sir  W.  FergUBSOU  mentions  a  case. 
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rhage  before  opening  the  windpipe.  When  an  opening  of  sufficient  extent  is  made, 
the  cannula  is  introduced.  There  is  rarely  any  difficulty  in  doing  this,  if  a  blunt  pilot 
trocar  is  used.  But  care  must  be  taken  to  ascertain  that  the  cannula  is  actually  in 
the  air  passage.  Cases  have  occurred  in  which  the  cannula  has  been  passed  down  into 
the  loose  connective  tissue  in  front  of  the  windpipe  instead  of  into  the  cavity  of  the 
larynx.  Mr.  Gray  1  refers  to  rii  instance  in  which  the  cannula  was  pushed  down 
between  the  cricothyroid  membrane  and  mucous  membrane,  the  latter  not  having 
been  penetrated  at  all.  The  forcible  ejection  of  air,  blood,  mucus,  &c,  through  the 
cannula  (not  by  the  side  of  it)  unmistakably  indicates  that  it  has  been  properly  in- 
troduced. The  cannula  may  be  secured  in  position  by  means  of  soft  tapes  2  attached 
to  it  beforehand,  and  after  its  introduction  passed  round  the  neck,  and  tied.  Or  the 
elastic  band,  furnished  with  hooks,  especially  designed  for  this  purpose,  may  be  used. 
The  cannula  shovdd  be  of  uniform  calibre  throughout,  and  furnished  with  an  inner 
tube.  It  should  be  oval  (not  circular)  in  section,  and  curved  on  the  flat.  Most 
laryngotomy  cannulas  are  made  unnecessarily  long. 

Laryngotomy  is  not  applicable  in  early  childhood,  on  account  of  the  very  limited 
dimensions  of  the  cricothyroid  space  at  that  period  of  life.  It  cannot  be  recom- 
mended in  cases  of  acute  or  extensive  disease  or  injuries  of  the  larynx ;  nor  is  it 
likely  to  be  of  much  service  if  a  foreign  body  is  in  the  trachea  or  bronchus.  On  the 
other  hand,  it  is  generally  applicable  in  the  adult  subject,  especially  in  the  male. 
And  it  is  probably  the  best  operation  to  adopt  in  cases  in  which  foreign  bodies  are 
impacted  in  the  larynx,  in  cases  of  limited  chronic  disease,  or  contractions  about  the 
upper  part  of  the  larynx,  such  as  often  result  from  syphilitic  ulceration,  <fcc,  and  in 
cases  in  which  respiration  is  impeded  by  polypoid  or  warty  growths,  and  in  which  it 
is  deemed  right  to  open  the  windpipe  before  removing  the  growths. 

2.  Laryngo- tracheotomy. — In  this  operation  the  cricothyroid  membrane,  the 
cricoid  cartilage,  the  cricotracheal  membrane,  and  the  first  ring  or  two  of  the  trachea, 
are  divided.  The  general  method  of  proceeding  is  similar  to  that  practised  in  laryn 
gotomy,  but  the  first  incisions  must  extend  somewhat  further  downwards  :  and  in  open- 
ing the  windpipe  the  edge  of  the  knife  should  be  directed  from  below  upwards,  so  as  to 
avoid  wounding  the  isthmus  of  the  thyroid  body.  This  structure  is  comparatively 
large  and  vascular  in  early  childhood,  and  it  wounded  is  liable  to  bleed  freely. 

Laryngo-tracheotomy  may  be  advantageously  practised  if,  on  account  of  the  age 
of  the  patient,  the  cricothyroid  space  is  too  small  to  admit  an  opening  of  sufficient 
size,  and  if,  at  the  same  time,  the  surgeon  fears  to  open  the  windpipe  lower  down,  or 
to  facilitate  the  removal  of  a  foreign  body  or  growth  of  large  size.  This  operation 
should  not,  as  a  rule,  be  performed  in  the  case  of  an  adult,  because  of  the  damage 
necessarily  done  to  the  vocal  apparatus.  When  the  cricoid  cartilage  has  lost  its  early 
elasticity,  the  divided  edges  must  be  forcibly  kept  asunder,  or  a  portion  of  the  carti- 
lage must  be  cut  out.  Either  proceeding  is  likely  to  result  in  more  or  less  permanent 
impairment  of  the  voice,  or  aphonia.  Necrosis  of  the  cartilage  also  is  liable  to  occur. 
Two  fatal  cases  of  the  kind  have  come  under  my  observation. 

3.  Tracheotomy, — In  this  operation  the  opening  is  made  into  the  trachea  either 
above,  through,  or  below  the  thyroid  isthmus. 

(a).  The  operation  above  the  thyroid  isthmus  (Superior  Tracheotomy)  differs  in 
no  important  respect  in  its  method  of  performance  from  laryngo-tracheotomy,  except 
that  the  opening  into  the  windpipe  is  limited  above  by  the  cricoid  cartilage,  and  it 
may  be  requisite  to  draw  the  thyroid  body  downwards.  In  childhood,  this  operation 
does  not  afford  sufficient  room  for  the  introduction  of  the  cannula,  and  in  the  adult  the 
operation  below  the  isthmus  is  generally  preferable.  The  method  of  Bose,  now 
commonly  adopted  in  Germany,  is  as  follows :  a  vertical  median  incision  is  made 
through  the  superficial  structures  from  a  point  about  opposite  the  middle  of  the 
thyroid  cartilage  and  extending  an  inch  and  a  half  or  more  downwards.  The 

1  See  first  edition  of  this  work,  vol.  ii.  p.  311. 

2  What  is  known  to  ladies  as  French  braid  is  the  best. 
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cricoid  cartilage  having  been  exposed,  a  transverse  incision  half  an  inch  in  length  is 
made  nearly  along  its  upper  border  through  the  fascia.  A  director,  blunt  dissector, 
or  the  handle  of  the  scalpel  is  then  introduced  through  this  incision,  and  the  fascia 
with  the  veins  which  lie  between  its  layers  peeled  as  it  were  off  the  trachea  from 
above  downwards,  the  isthmus  of  the  thyroid  body  being  at  the  same  time  similarly 
displaced.  The  upper  rings  of  the  ti'achea  are  thus  exposed  and  may  be  cut  through. 
This  method  has  been  called  '  bloodless  tracheotomy.'  1 

(/>).  The  operation  through  the  thyroid  isthmus  cannot  be  recommended.  It 
may  involve  the  necessity  of  putting  two  ligatures  round  the  isthmus,  and  dividing 
this  structure  between  them.  Before  this  can  be  satisfactorily  accomplished,  con- 
siderable venous  or  even  arterial  haemorrhage  may  occur,  and,  until  arrested,  is 
likely  to  cause  some  embarrassment ;  although  doubtless  exaggerated  ideas  have 
been  entertained  as  to  the  danger  and  difficulty  thus  arising.2 

(c).  The  operation  below  the  thyroid  isthmus  {Inferior  Tracheotomy)  is  that 
which  is  ordinarily  understood  by  the  general  designation,  tracheotomy.  The 
advantages,  as  compared  with  the  risks  and  difficulties,  of  opening  the  trachea  in  this 
situation,  are  greater  than  those  afforded  by  making  the  opening  higher  up.  As  a 
general  rule,  therefore,  this  operation  is  to  preferred.  The  dangers  and  difficulties 
that  may  be  encountered  are  unquestionably  great,  especially  in  the  case  of  a  young 
fat  child  ;  but  they  are  not  by  any  means  so  formidable  as  is  sometimes  supposed,  and, 
for  the  most  part,  may  be  certainly  avoided  by  care  and  skill  cn  the  part  of  the  surgeon. 

The  operation  may  be  performed  either  by  a  process  of  slow  and  careful  dissection, 
or  by  a  more  rapid  but  probably  equally  safe  method.  The  first  method  is  practised 
as  follows  : — 

The  patient,  under  chloroform  or  not,  is  put  into  the  position  already  described- 
The  facility  with  which  the  operation  may  be  completed  greatly  depends  upon  the 
maintenance  of  this  position  throughout.  The  surgeon  stands  on  the  right  of  the 
patient.  A  careful  preliminary  examination  of  the  parts  is  made,  and  the  spot 
selected  at  which  the  trachea  is  to  be  opened.  An  incision  is  then  made  exactly  in 
the  middle  line,  extending  from  just  below  the  cricoid  cartilage  nearly  to  the 
sternum.  In  the  case  of  a  shoi-t-necked  fat  patient  it  is  especially  desirable  to  make 
the  first  incision  long  enough.  The  subcutaneous  fat  and  connective  tissue  having 
b3en  divided,  the  sternohyoid  muscles  are  brought  into  view,  lying  in  close  proximity 
one  to  the  other,  but  between  them  a  faint  median  line  may  generally  be  recognised. 
The  fascia  along  this  line  is  divided,  and  the  muscles  are  hooked  apart.  The  dis- 
section is  then  cautiously  continued  through  the  fascia  and  connective  tissue  still  in 
front  of  the  trachea.  These  structures  are  divided  layer  by  layer,  and  held  carefully 
aside,  together  with  any  veins  that  may  be  seen.  The  handle  of  the  scalpel  or  a 
blunt  director  should  be  used  rather  than  the  point  or  edge  of  the  knife.  The 
position  of  the  trachea  is  from  time  to  time  sought  with  the  finger,  and  the  absence 
of  any  large  abnormal  vessel  ascertained.  The  dissection  is  continued  until  the  rings 
of  the  trachea  are  clearly  visible,  and  at  least  as  much  of  this  tube  is  seen  as  it  is 
intended  to  incise.  During  the  progress  of  the  dissection,  all  bleeding  vessels  should 
be  secured  as  far  as  possible  ;  and  if  it  happens  that  the  necessary  delay  is  of  no 
importance,  all  hajmorrhage  should  be  arrested  before  the  trachea  is  opened.  The 
point  of  the  knife  (the  edge  being  directed  upwards)  is  then  thrust  into  the  trachea, 
and  carried  upwards  to  such  an  extent  as  at  once  to  make  an  opening  of  sufficient 
length.  During  this  part  of  the  operation  the  trachea  is  steadied  and  the  knife  is 
guided  by  the  left  forefinger  of  the  operator.  The  tip  of  the  finger  is  at  once  glided 
over  the  opening  made,  so  as  to  serve  as  a  guide  in  the  subsequent  introduction  of 
the  dilator  or  cannula,  and  in  the  meantime  to  prevent  the  entrance  cf  blood.  This 
stage  of  the  operation  may  be  accomplished  in  a  somewhat  different  and  probably 
better  manner,  especially  if  the  patient  is  young,  and  the  trachea  is  small,  and  has 
but  little  resisting  power.    Instead  of  using  the  finger,  the  trachea  is  seized  by 

1  '  Traclientninia  Superior,'  Arch,  filr  Klin.  Chir.  Bel.  xiv.  pp.  137,  147;  also  Brit.  Med. 
Journ.  1878,  p.  752. 

u  See  Foulis  on  Tracheotomy,  Archives  of  Laryngotomy,  vol.  i.  p.  317. 
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means  of  a  sharp  single  or  double  hook,  and  is  drawn  somewhat  forwards  and  up- 
wards, and  firmly  held  while  the  opening  is  being  made  and  until  the  dilator  or 
cannula  is  introduced.  The  last  stage  of  the  operation  varies  with  the  object  in  view. 
If  the  operation  has  been  undertaken  on  accoixnt  of  the  presence  of  a  foreign  body, 
the  edges  of  the  opening  in  the  trachea,  are  at  once  separated  as  Avidely  as  possible 
either  by  blunt  hooks,  by  dressing  forceps,  or  by  one  of  the  dilating  instruments 
especially  made  for  the  purpose,  and  the  general  plan  described  at  p.  769  is  pursued. 
If,  however,  the  operation  has  been  rendered  necessary  by  laryngeal  obstruction,  the 
cannula  (already  furnished  with  tapes  for  fixing)  is  introduced  as  speedily  as  possible. 

Such  is  a  brief  description  of  the  method  of  performing  tracheotomy  ordinarily 
recommended.  But  simple,  easy,  and  safe  as  this  method  may  seem  in  description, 
it  is  often  complicated  and  difficult,  and  sometimes,  from  the  delay  involved,  even 
dangerous  in  practice.  Plenty  of  time,  a  good  light,  and,  above  all,  skilful  assistants, 
are  absolutely  necessary  to  enable  the  surgeon  to  accomplish  his  task  with  facility, 
if  he  adopt  this  method  of  operating.  But  it  often  happens  that  there  is  not  a 
minute  to  be  lost,  and  the  surgeon  must  rely  on  himself  alone.  He  may  be  called 
upon  to  operate  at  night,  and  there  may  be  no  good  lamp  at  hand.  Under  such 
circumstances,  it  is  impossible  to  make  a  deliberate  dissection  without  endangering 
the  life  of  the  patient.  Unskilful  attempts  to  hook  aside  the  divided  structures 
embarrass  rather  than  aid  the  operator.  The  natural  laxity  of  the  several  layers  of 
connective  tissue  of  the  neck  is  greatly  increased  by  their  division  ;  and  the  various 
parts  become  capable  of  being  moved  so  easily,  and  to  such  an  extent,  that  they  are 
almost  sure  to  be  pulled  more  or  less  out  of  position,  and  their  normal  relations  dis- 
turbed. Thus  the  surgeon  may  be  misled,  and  seriously  hindered  in  the  accomplish- 
ment of  his  purpose. 

It  has  happened,  to  my  knowledge,  that  the  cervical  vertebrae  have  been  safely 
reached  before  the  trachea  has  been  found.  The  trachea  on  the  one  side  and  the 
large  vessels  on  the  other  were  held  scrupulously  apart  by  the  assistants  who  had 
charge  of  the  retractors.1    Mr.  Marsh  2  alludes  to  a  similar  case. 

In  the  absence,  therefore,  of  skilled  assistants  and  a  good  light,  and  especially  if 
suffocation  is  impending,  and  every  moment  is  of  consequence,  the  following  method 
should  be  adopted. 

The  surgeon  standing  on  the  right  side  of  the  patient,  who  is  firmly  held  in  the 
position  already  described,  makes  a  rapid  but  careful  preliminary  examination  of  the 
parts.  He  then  places  the  forefinger  of  his  left  hand  on  the  left  side  of  the  trachea, 
and  the  thumb  on  the  right,  and  makes  uniform,  steady,  deep  pressure,  until  he  is 
able  to  feel  the  pulsation  of  both  carotid  arteries.  By  now  very  slightly  approximat- 
ing the  finger  and  thumb,  the  surgeon  feels  that  the  trachea  is  firmly  and  securely 
held  between  them,  and  he  has  the  satisfaction  of  knowing  that  the  safety  of  the 
great  vessels  is  ensured.  Moreover,  the  skin  and  superficial  structures  are  rendered 
tense,  and  prevented  from  being  moved  downwards  with  the  knife.  The  finger  and 
thumb  thus  placed  are  not  to  be  moved  until  the  trachea  is  reached.  In  the  next 
place,  by  a  succession  of  careful  incisions  (not  by  a  hasty  plunge)  the  surgeon  cuts 
confidently  down  on  to  the  trachea ;  or  after  the  first  incision  has  been  made  tears 
through  the  tissues  with  a  blunt  director.  The  finger  and  thumb  accurately  placed 
on  either  side,  help  him  to  judge  the  exact  position  of  the  median  line,  from  which 
the  knife  must  never  deviate.  And  their  pressure  causes  the  wound  to  gape  and 
the  trachea  to  advance.  The  forefinger  of  the  right  hand  is  passed  from  time  to 
time  into  the  wound,  '  to  make  assurance  double  sure,'  that  there  is  no  important 
vessel  in  the  way.  When  the  trachea  is  reached  (as  may  be  known  by  the  sensation 
communicated  through  the  knife,  or  by  examination  with  the  right  forefinger),  it 
may  either  be  opened  at  once,  or  it  may  be  seized  by  a  sharp  hook,  and  opened  as  in 
the  previously  described  method.  If  the  trachea  is  opened  without  the  use  of  the 
hook,  the  knife  should  be  guarded,  lancet-like,  by  the  forefinger  of  the  hand  that 
holds  it. 


1  See  Durham  on  '  Some  of  the  Difficulties  and  Dangers  of  Tvacheotomv,'  Practitioner, 
April  1869,  p.  226.  2  Op.  tit.  p.  351. 
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It  will  be  observed  that  in  operating  in  the  method  thus  described,  the  trachea 
is  firmly  fixed  throughout ;  and  the  violent  convulsive  up  and  down  movements 
which  commonly  give  rise  to  so  much  difficulty  and  embarrassment  are  effectually 
obviated.  The  pressure  of  the  finger  and  thumb  also  prevents  in  great  measure 
venous  haemorrhage  during  the  operation  ;  and,  as  a  rule,  there  is  no  need  to  pause 
and  seek  the  wounded  vessel.  The  whole  operation,  from  the  first  incision  to  the 
ojiening  of  the  trachea,  occupies  so  short  a  time,  that  the  interference  with  the 
respiration  caused  by  the  necessary  pressure  is  of  no  moment.  I  have  adopted  this 
method  in  twenty-three  cases,  and  in  no  instance  have  I  had  the  slighest  reason  to 
regret  the  course  pursued.  In  several,  life  would  have  been  sacrificed,  or  at  any 
rate  imperilled,  if  a  slow  dissection  had  been  attempted. 

Besides  the  methods  thus  described,  others  have  been  from  time  to  time  advocated 
by  different  surgical  writers ;  and  various  instruments  called  '  tracheotomies'  have  been 
contrived  with  the  view  of  rendering  the  operation  more  easy  and  less  hazardous. 
But  the  use  of  all  such  instruments  is  condemned  by  practical  experience ;  and  that, 
too,  in  spite  of  the  undeniable  ingenuity  displayed  in  the  construction  of  some  of 
them.  The  surgeon  who  is  competent  to  operate  does  not  require  anything  of  the 
kind  ;  and  in  the  hands  of  the  incompetent  such  contrivances  are  likely  to  prove 
dangerous. 

With  the  view  of  avoiding  the  risks  of  haemorrhage  during  the  operation,  and 
perhaps  of  septic  poisoning  afterwards,  it  has  been  proposed  to  open  the  trachea  by 
means  of  caustics,  or  by  the  ecraseur,  or  by  the  galvanic  or  thermo  cautery.  All  of 
these  methods  have  been  practised  on  the  Continent.  But  I  cannot  find  that  any  of 
them  has  yet  been  adopted  in  this  country.  With  regard  to  the  first  two  methods — 
those  by  caustics  and  the  ecraseur — it  is  sufficient  to  mention  them.  But  the  third — 
that  by  the  galvanic  or  thermo  cautery — demands  fuller  notice,  inasmuch  as  it  has 
been  suggested  and  practised  somewhat  extensively  by  Continental  surgeons  of  very 
high  repute. 

Thermo  Tracheotomy. — This  operation,  whether  performed  by  the  platina  wire 
heated  by  the  galvanic  battery,1  or  by  the  platina  knife  of  Paquelin's  thermo  cautery,2 
essentially  consists  in  burning  a  way  down  on  to  the  trachea  (best  accomplished  by 
sei'ies  of  light  touches),  (Krishaber),  and  then  opening  the  trachea  either  by  further 
application  of  the  cautery  or  by  the  bistoury. 

Poinsot,  in  an  elaborate  memoir,3  gives  the  history  and  a  full  description  of  the 
operation  as  performed  by  different  surgeons.  He  refers  to  forty- six  cases,  and  states 
that,  immediate  haemorrhage  alone  being  considered,  in  twenty  of  these  the  success 
was  such  as  must  be  unknown  under  the  use  of  the  bistoury ;  in  twenty  the  results 
might  be  regarded  as  excellent  under  any  method  ;  and  in  six  the  method  failed. 

Boeckel  4  during  a  period  of  two  years  operated  in  twenty-two  cases  with  nine 
deaths  and  thirteen  recoveries.  In  nearly  all  the  isthmus  of  the  thyroid  was  divided 
without  haemorrhage,  and  the  trachea  was  opened  by  the  bistoury.  In  four  cases 
there  was  alarming  haemorrhage. 

As  a  general  conclusion  from  the  study  of  the  details  of  the  published  cases,  it 
does  not  appear  that  this  method  possesses  safety  or  other  advantages  sufficient  to 
counterbalance  its  unreadiness  and  obvious  disadvantages.  In  some  cases  fatal 
haemorrhage  occurred,  and  in  some,  at  any  rate,  of  the  successful  cases  there  is  reason 
to  expect  that  subsequent  cicatricial  contraction  must  have  taken  place,  although 
Boeckel  states  that  he  has  not  met  with  such  result  hitherto. 

Whatever  method  of  operating  be  adopted,  the  following  general  observations 
may  be  more  or  less  applicable. 

1.  With  regard  to  I  hemorrhage.  Fatal  haemorrhage  during  the  operation  very 
rarely  occurs,  and  need  not  be  feared  if  only  due  care  and  promptitude  are  exercised. 
There  can  be  no  doubt  that  in  some,  if  not  many,  of  the  so-called  cases  of  fatal 
haemorrhage,  death  has  really  resulted  not  from  loss  of  blood,  but  from  want  of 

1  Amussat,  Verneuil,  Krishaber,  and  others.  2  Poinsot,  Boeckel,  and  others. 

3  De  la  TrachSotomie  par  le  Thermo- Caute re.    Paris,  1878. 

4  Annates  des  Maladies  de  I'Oreille  et  Larynx,  juin  1880. 
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breath  ;  and  that — because  the  surgeon  has  been  deterred  by  fear  from  completing  his 
operation  with  sufficient  promptitude. 

Nothing  but  gross  carelessness,  or  utter  loss  of  presence  of  mind  on  the  part  of 
the  surgeon,  or  uncontrolled  struggling  on  the  part  of  the  patient,  can  explain  the 
opening  of  the  innominate  or  carotid  artery.  Such  an  accident,  however,  has  oc- 
curred. It  certainly  ought  to  be  remembered  that  the  innominate  may  cross  the 
trachea  higher  than  in  the  normal  arrangement.  But  an  artery  of  such  size  must 
be  detected  if  proper  examination  of  the  parts  is  made.  Nor  ought  there  to  be  any 
difficulty  in  discovering  and  dealing  with  the  abnormal  artery  '  as  large  as  the  radial,' 
which  is  described  as  having  been  sometimes  met  with  in  front  of  the  trachea.  The 
thyroidea  ima,  not  infrequently  found  in  this  situation,  is  rarely  of  sufficient  size 
to  give  rise  to  serious  haemorrhage,  if  only  its  possible  presence  is  borne  in  mind, 
and  search  is  made  for  it  in  case  of  arterial  bleeding  after  the  cannula  is  inserted. 

But,  although  fatal  haemorrhage  is  very  rare,  yet  bleeding  to  a  very  considerable 
and  even  alarming  extent  often  occurs,  especially  in  cases  of  sudden  or  rapid 
obstruction  to  respiration.  Such  bleeding  is  almost  always  venous,  and  usually 
comes  from  some  communicating  branch  or  other  of  the  anterior  jugular  or  inferior 
thyroid  veins.  It  is  sometimes  impossible  to  avoid  these  veins  ;  but  every  endeavour 
should  be  made  to  do  so  by  keeping  strictly  in  the  middle  line  and  pushing  aside 
any  vessel  that  may  be  seen.  Any  vessels  that  may  be  wounded  should  be  at  once 
secured  by  ligature  or  pressure,  if  practicable ;  but  attempts  to  do  this  should  not 
be  persevered  in  to  the  risk  of  the  patient.  The  rule  has  been  laid  down,  and 
repeatedly  quoted,  that  the  trachea  should  never  be  opened  until  all  haemorrhage  has 
ceased.  If  the  surgeon  invariably  abides  by  this  rule,  he  will  assuredly  sometimes 
have  to  wait  until  his  patient  is  dead.  It  is  useless  to  let  the  patient  die  from 
suffocation,  while  attempting  to  prevent  death  from  loss  of  blood  :  and  yet  this  has 
been  done.  In  any  case  in  which  there  is  great  venous  congestion,  and  the  patient 
is  on  the  point  of  suffocation,  the  surgeon  must  go  on  boldly  but  carefully,  and 
complete  his  operation  as  quickly  as  possible,  in  spite  of  what  may  seem  almost 
frightful  hemorrhage.  He  must  not  hesitate  in  such  a  case  to  open  the  trachea, 
and  introduce  the  cannula  even  through  a  very  pool  of  blood.  When  the  cannula 
is  in  position,  and  respiration  is  restored  either  by  natural  recovery  or  by  artificial 
aid,  the  blood  moves  on  through  the  before  congested  pulmonary  capillaries ;  the 
right  side  of  the  heart  is  relieved  from  distension  ;  the  blood  flows  on  in  its  natural 
course;  the  previously  distended  veins  resume  their  normal  dimensions;  and  the 
profuse  haemorrhage  speedily  subsides,  or  is  easily  arrested  by  pressure. 

2.  With  regard  to  the  Opening  in  the  Trachea.  In  making  the  opening  into  the 
trachea,  it  is  important  to  keep  strictly  in  the  middle  line ;  otherwise,  as  pointed 
out  by  Sir  J.  Paget,  'the  cannula  is  likely  to  stand  awry  in  the  wound,  and  its  ex- 
tremity will  be  turned  sharply  against  the  mucous  membrane  of  the  trachea,  and 
will  not  only  cause  irritation,  but  will  quickly  become  blocked  with  mucus.'  1  It  is 
also  important  not  to  thrust  the  knife  too  far  into  the  trachea.  Mr.  Marsh  mentions 
an  instance  in  which  '  the  scalpel  was  driven  through  both  the  anterior  and  the 
posterior  walls  of  the  trachea,  and  through  the  oesophagus  till  it  struck  the  spine.' 
But,  although  the  knife  must  not  be  thrust  too  far,  it  is  almost  more  important  to 
take  care  that  it  is  thrust  far  enough,  and  that  it  is  made  to  incise  the  trachea  to  a 
sufficient  extent.  It  must  be  borne  in  mind  that  the  mucous  membrane  of  the 
trachea,  especialty  if  inflamed  and  swollen,  may  be  pushed  before  the  knife  instead  of 
being  penetrated  •  and  also  that  false  membranes  lining  the  tube  may  similarly  be 
pushed  before  the  knife,  and  on  its  withdrawal  may,  valve-like,  close  the  opening. 
If  the  opening  first  made  into  the  trachea  is  too  small,  and  escapes  detection  when 
sought,  it  is  better  to  make  a  second  opening  at  once,  rather  than  to  lose  much  time 
in  searching  for  the  first.  Experience  shows  that  comparatively  little  danger,  or 
none  at  all,  is  likely  to  arise  from  such  a  proceeding.2  If  the  opening  made  in  the 
trachea  should  be  larger  than  it  need  be,  and  the  wound  through  the  skin  too  small 

1  Marsh,  Op.  ext.  p.  351. 

2  A  good  illustration  is  mentioned  by  Holmes,  Op.,  at.  p.  328,  note. 
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or  too  completely  closed,  air  may  escajje  by  the  side  of  the  cannula  into  the  areolar 
tissue,  and  emphysema  may  result.  This  accident,  however,  is  rarely  met  with,  and 
is  not,  as  a  rule,  of  any  importance.    Absorption  soon  takes  place. 

3.  With  regard  to  the  Introduction  of  the  Cannula.  This  is  often  found  to  be  a 
matter  of  some  difficulty  ;  and  cases  have  occurred  in  which  the  cannida  has  been 
thrust,  and  allowed  to  remain  until  death  in  the  areolar  tissue  surrounding  the 
trachea.1  In  such  cases,  the  pressure  of  the  cannula  has  further  impeded  tlie  already 
obstru  cted  respiration . 2 

To  facilitate  the  introduction  of  the  cannula,  Trousseau,3  and,  following  him,  most 
French  surgeons,  recommend  the  use  of  dilating  forceps.  Trousseau's  bivalve  dilating 
forceps  may  be  used  for  this  purpose,  or  the  tri valve  forceps  of  Laborde  (see  fig.  112, 
p.  769).  In  England,  the  bivalve  cannida  of  Fuller  (see  fig.  1 1 5,  p.  779)  is  somewhat 
in  favour,  on  account  of  the  supposed  ease  with  which  it  may  be  inserted.  Practi- 
cally, however,  it  will  be  found  by  far  the  best  plan  to  use  the  ordinary  cylindrical 
cannula  mounted  upon  a  blunt  pilot  trocar  (see  fig.  114  c,  p.  779,  fig.  118,  p.  781).  By 
this  means,  the  introduction  of  this  cannula  is  rendered  easier  than  that  of  the  bivalve 
cannula,  to  the  use  of  which  there  are  many  objections  ;  and  the  operation  is  simpler 
than  when  a  dilator  is  employed.  If  the  surgeon  should  not  possess  a  blunt  trocar, 
an  elastic  catheter  or  bougie  may  be  used  as  a  substitute.  But  the  long  firm  handle 
of  the  trocar  renders  the  manipulation  of  the  instrument  so  mounted  much  more  easy. 

4.  With  regard  to  the  Completion  of  the  Operation,  In  every  case,  however 
apparently  hopeless  it  may  have  become,  the  surgeon  should  complete  his  operation. 
The  tube  should  be  introduced  even  though  the  patient  may  have  ceased  to  breathe 
before  this  can  be  accomplished  ;  and  the  most  persevering  efforts  should  be  made  to 
effect  resuscitation  by  aid  of  artificial  respiration.  Blood  that  may  have  entered 
the  trachea  must  be  sucked  out  by  the  mouth  of  the  surgeon,  or  by  means  of  a 
syringe  (if  the  disease  is  of  infectious  nature) ;  its  further  entamce  may  be  prevented 
and  its  expulsion  favoured  by  turning  the  patient  on  his  face  from  time  to  time,  or 
placing  him  head  downwards.  Under  such  treatment  recovery  has  been  repeatedly 
effected  in  cases  apparently  the  most  hopeless. 

5.  With  regard  to  Sudden  Death  during  the  operation  or  immediately  afterwards. 
This  is  aii  incident  which  has  happened  in  rare  cases,  and  to  the  possible  occurrence 
of  which  attention  has  not,  so  far  as  I  know,  been  sufficiently  directed;  nor  has  any 
satisfactory  explanation  been  given  in  the  recorded  cases.  In  most  instances  death 
has  occurred  immediately  after  the  trachea  has  been  opened  and  a  few  inspirations 
have  been  made.  I  have  met  with  one  such  case  in  my  own  experience.  It  may 
be  that  the  shock  of  the  operation,  or  sudden  syncope,  or  the  shock  prod  viced  by 
the  sudden  free  admission  of  a  large  volume  of  air  to  partially  empty  lungs,  has 
determined  the  fatal  result ;  at  any  rate,  post-mortem  examination  has  afforded 
no  sufficient  explanation. 

The  Cannula. — A  double  cannula,  consisting  of  an  outer  tube,  which  may  remain 
in  the  trachea.,  and  an  inner  tube,  which  may  be  removed  from  time  to  time  for 
cleansing,  should  always  be  chosen  for  immediate  use  ;  and  the  silver  cannulas  are,  as  a 
rule,  to  be  preferred  to  those  made  of  vulcanite,  or  hard  or  soft  india-rubber.  Atten- 
tion to  the  size,  shape,  and  general  construction  of  the  cannula,  as  well  as  to  its 
special  suitability  for  the  particular  case  in  which  it  is  to  be  used,  is  matter  of  great 
importance. 

Sometimes  the  cannula  is  found  to  be  too  short,  and  the  neck  plate  becomes 
buried  in  the  wound.  Sometimes  it  is  too  long,  and  presses  against  the  oesophagus 
behind,  and  projects  in  front  to  a  greater  or  less  extent  from  the  wound,  in  which 
case  it  is  very  liable  to  be  forced  out.  Again,  the  cannulas  in  ordinary  use  are  so 
curved  that  the  lower  extremity  often  impinges  on  the  mucous  membrane  of  the 
anterior  wall  of  the  trachea ;  and  sometimes  the  convexity  of  the  curve  comes  in 
contact  with  the  posterior  wall.    In  either  case  ulceration  may  be  produced  sooner 

1  Marsh,  Op.  n't.  p.  352.  9  Holmes,  Op.  eit.  p.  323. 

3  See  Trousseau,  CUnique  Medicate,  1868,  t.  i.  p.  416. 
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Fig.  114. 
Ordinary  Tracheotomy  Cannula. 


a,  outer  tube  ;  h,  inner  tube  ;  r,  blunt-pointed 
pilot  trocar. 


or  later,  and  very  serious  results  may  follow.  '  Two  cases  have  occurred  in  Guy's 
Hospital,  in  each  of  which  ulceration  so  produced  extended  through  the  anterior  wall 
of  the  trachea  into  the  innominate  artery.  Fatal  haemorrhage  of  course  ensued.'  1 
Another  instance  of  the  same  kind  is  recorded  by  Mr.  Wood,2  and  others  have 
.  recently  come  to  my  knowledge.  Even  in  cases  in  which  there  has  been  no  reason 
for  supposing  that  any  large  trunk  has  been 
perforated,  serious  and  occasionally  fatal 
haemorrhage  has  occurred.  Mr.  Marsh  3  states 
that  four  or  five  cases  have  come  under 
his  observation.  Again,  abscesses,  bronchitis, 
pneumonia,  pyaemia,  and  other  more  or  less 
fatal  conditions,  have  sometimes  resulted 
directly  or  indirectly  from  the  inflammation 
or  ulceration  set  up  by  the  cannula.  It  is  easy 
to  understand  that  in  all  cases  the  presence 
of  the  cannula  is  likely  to  set  up  more  or  less 
local  irritation  and  inflammation,  which  may 
spread  along  the  air  tube.  But  that  such 
serious  results  should  ensue  as  those  described, 
seems  to  indicate  something  wrong  in  the 
construction  or  management  of  the  cannula. 

The  cannulas  ordinarily  met  with  in  this 
country  are  of  three  kinds.  First,  the  ordi- 
nary English  cannula,  which  consists  of  an 
outer  tube  complete  throughout  (fig.  114  rt)  and 
an  inner  tube  cut  away  on  its  convex  and 
concave  aspects  (fig.  114  i),  so  as  to  facilitate  its 
passage  into  and  out  of  the  outer  tube.  The 
curve  of  this  cannula  represents  about  a  quarter  of  a  circle.  Second,  the  ordinary 
French  cannula,  somewhat  less  curved.  Both  the  inner  and  outer  tubes  are  complete. 
Thirdly,  the  bivalve  cannula  of  Fuller,  in  which  the  outer  tube  is  represented  by  two 
blades  (fig.  115),  which  maybe  approximated  by  the  finger  and  thumb  during  the 
introduction  of  the  instrument,  and  are  after- 
wards kept  apart  by  the  insertion  of  a  com- 
plete inner  tube  (fig.  115),  through  which 
respiration  is  carried  on. 

In  each  of  these  forms  the  cannula  is  rigid 
throughout,  and  therefore  is  liable  to  press 
continually  upon  any  spot  upon  which  it  may 
impinge,  and  so  give  rise  to  the  dangers  indi- 
cated above.  The  bivalve  cannula  prevents 
special  disadvantages  which  are  sufficiently 
obvious,  and  which  ought  to  have  led  long 
since  to  its  disuse. 

The  improved  French  cannula  of  Roger  is 
so  constructed 4  that  though  the  neck  plate  is 
fixed,  the  tube  in  the  trachea  is  allowed  to 
move  to  a  certain  extent  with  the  motions  of 
the  parts.  Trousseau  5  states  that  since  such  cannulas  have  been  in  use  at  the  Hopital 
des  Enfans  Malades  ulcerations  of  the  trachea  have  been  much  less  frequently  pro- 
duced. Mr.  Bryant  recommends  a  cannula  in  which  the  tracheal  tube  is  connected 
with  the  neck  plate  by  a  ball  and  socket  joint. 

1  Durham,  in  Practitioner,  April  1869,  p.  220.  2  Path.  Trans,  vol.  xi.  p.  20. 

3  Op.  cit.  p.  364.  On  the  dangers  due  to  the  presence  of  the  cannula,  see  also  Trousseau, 
Op.  cit.  p.  477  :  H.  Roger,  in  Archives  Generales ;  Med.  Times  and  Gaz.  vol.  xix.,  Report  on 
'  Tracheotomy.' 

4  The  construction  by  which  this  is  effected  is  adopted  in  the  cannula,  fig.  116,  p.  780. 
r>  Op.  cit.  vol.  i.  p.  447. 


Fig.  115. 

Fuller's  Bivalve  Tracheotomy  Cannula. 


a,  outer  portion  viewed  from  behind  ;  l>,  inner  tube, 
side  view. 
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The  soft  red  india-rubber  cannula  of  Morraut  Baker1  is  scarcely  likely  to  produce 
mischievous  pressure,  and  it  is  comfortable  to  wear  ;  but  its  thickness,  and  want  of 
an  inner  tube,  and  the  necessity  hence  arising  for  its  frequent  removal  for  cleansing, 
together  with  the  comparative  difficulty  of  introducing  it,  render  this  instrument  but 
little  suitable  for  immediate  or  early  use. 

Cannulas  of  the  various  forms  described,  and  others  are  made  of  different  sizes.2 

It  has  been  repeatedly  asserted  that  the  cannula  should  be  as  nearly  as  possible  of 
the  same  calibre  as  the  trachea  into  which  it  is  to  be  inserted.  But  this  is  alto- 
gether a  mistake,  and  any  attempt  to  carry  such  an  idea  into  practice  cannot  fail  to 
be  dangerous.  Marsh 3  has  shown  by  a  series  of  careful  measurements  that  the 
calibre  of  the  cricoid  cartilage  is  considerably  less  than  that  of  the  trachea. 
Holmes  4  has  further  shown,  in  a  similar  manner,  that  the  area  of  the  glottis  when 
fully  expanded  is  smaller  than  that  of  the  transverse  section  of  the  cricoid.  More- 
over, it  may  be  readily  seen,  on  laryngoscopical  examination,  that  during  ordinary 
tranquil  respiration  the  glottis  is  never  expanded  to  its  fullest  extent.  Thus  it 
becomes  evident  that  there  is  no  need  to  employ  a  cannula  the  calibre  of  which  is 
anything  like  equal  to  that  of  the  trachea.  And  a  little  consideration  shows  that  it 
would  certainly  be  unphysiological  and  probably  dangerous  to  make  the  attempt. 
It  may  safely  be  accepted  that  the  ordinary  cannulas  are  of  sufficiently  lai*ge  calibre 
for  the  purpose  intended.  On  the  other  hand,  it  is  sometimes  difficult,  though  very 
important,  to  obtain  cannulas  of  sufficiently  small  calibre  for  young  infants. 

According  to  Mackenzie,  a  set  of  tracheotomy  tubes  should  contain  four  sizes,  hav- 
ing diameters  respectively  of  one  centimetre,  nine,  seven,  and  five  millimetres,  and 
these  are  the  sizes  most  frequently  useful ;  but  I  have  had  occasion  to  use  a  tube  of 
four  millimetres  only  or  less  in  diameter.  Foulis  has  published  a  similar  experience 
in  the  case  of  an  infant  of  six  months,  and  he  gives  a  table  founded  on  the  measure- 
ments of  Marc  See,''  showing  the  sizes  most  likely  to  be  useful  at  different  ages, 
which  may  be  quoted  as  follows  : 

Age  Diameter  of  tube 

Under  18  months  4  mm. 

2 j  years  6  „ 

)>       10    „  8  „ 

„  „  io  „ 

Largest  size  12  „ 

With  regard  to  their  length  and  curvature,  however,  the  cannulas  in  ordinary  use 
are  often  at  fault,  as  is  clearly  indicated  by  what  has  been  already  advanced.  With 
Figs.  11G  and  117. — Durham's  Tracheotomy  Cannula. 


Outer  tube.  Inner  tube, 

the  view  to  improvement  in  these  respects,  and  to  obviate  as  far  as  possible  the 
dangers  to  which  the  cannula  may  give  rise,  and  some  of  the  difficulties  connected 
with  its  management,  I  devised  some  twelve  years  ago  the  instrument  represented 
in  figs.  116  and  117.°  The  outer  tube  (fig.  116)  is  so  shaped  as  to  pass  straight  back 
into  the  trachea,  and  then  to  turn  downwards  by  a  rounded  right  angle  in  such  a 
manner  that  its  extremity  may  lie  in  the  middle  of  the  trachea,  and  its  edges  may 
not  press  against  the  mucous  membrane.  The  straight  portion  a  slides  in  the  collar 
B,  but  can  be  fixed  at  any  point  by  means  of  the  screw  c.  The  length  of  the  portion 
of  the  tube  in  the  wound  is  thus  easily  regulated  in  accordance  with  t  he  depth  at 
1  Med.-Chir.  Trans,  vol.  lx.  p.  72.  2  See  Practitioner,  luc.  cit.    Marsh,  Op.  cit 

3  Op.  t  it.  p.  .'542.  4  Op.  cit.  p.  325. 

5  Archives  of  Laryngology,  vol.  i.  p.  319.       6  Made  by  Mayer  and  Meltzer. 
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which  the  trachea  is  situated.  The  projection  of  the  end  of  the  tube  beyond  the 
collar  prevents  mucus,  &c,  when  once  expelled,  from  being  drawn  in  again  by  the 
next  inspiration.  The  collar  B  is  attached  to  the  small  plate  D,  which  is  loosely 
articulated  with  the  neck  plate  E  by  means  of  two  alar  processes,  which  pass  under 
little  wire  arches  on  e  in  such  manner  as  to  permit  the  portion  of  the  tube  in  the 
trachea  to  accommodate  itself  in  position  during  the  various  movements  of  the  head 
and  neck.  The  distal  portion  of  the  inner  tube  (fig.  117)  consists  of  several  small 
pieces  jointed  together  in  the  '  lobster-tail '  fashion.  The  adoption  of  this  construc- 
tion enables  this  tube  to  pass  easily  into  and  out  of  the  outer  tube — far  more  easily 
than  is  the  case  with  the  tubes  of  ordinary  curve.  The  pilot  trocar  (fig.  118)  is  con- 
structed on  the  same  principle. 


Ftg.  118. — Durham's  Tracheotomy  Cannula. 


These  cannulas  have  been  very  extensively  used  both  in  this  country  and  America. 
Experience  has  abundantly  proved  the  advantages  claimed  for  them  to  be  well 
founded — and  the  various  a  priori  objections  suggested  (with  the  exception  of  their 
comparative  costliness)  have  not  been,  so  far  as  I  can  learn,  supported  by  facts.1 

After  Treatment,  Complications,  and  Accideids. — After  the  operation  is  completed, 
and  the  paroxysmal  fits  of  dyspnoea  and  violent  cough  which  immediately  follow  the 
insertion  of  the  cannula  have  subsided,  the  patient  usually  experiences  the  greatest 
possible  relief,  and  is  soon  ready  to  sink  into  a  peaceful  sleep.  The  edges  of  the 
wound  should  be  approximated  by  means  of  a  strip  or  two  of  sticking  plaister,  or 
may  be  left  altogether  open.  Sutures,  as  a  rule,  should  not  be  used.  The  surround- 
ing parts  of  the  neck  should  be  well  oiled  over  if  the  patient  is  suffering  from  diph- 
theria. And  in  such  case  it  may  be  a  good  plan  to  apply  nitrate  of  silver  to  the  cut 
surfaces  in  the  manner  recommended  by  Trousseau.  As  a  general  rule,  the  simplest 
after  treatment  only  is  requisite.  But  such  simple  treatment  to  be  effectual  requires 
the  greatest  vigilance,  and  sometimes  considerable  skill. 

The  patient  should  be  surrounded  by  a  warm  and  moist,  but  not  oppressively 
close,  atmosphere.  A  due  supply  of  fresh  pure  air  is  most  desirable.  The  general 
temperature  of  the  room  should  be  uniformly  maintained  :  and  dishes  of  hot  water 
or  some  specially  contrived  apparatus,  as  a  bronchitis  kettle,  Arc,  should  be  so  ar- 
ranged as  to  moisten  the  air  generally  ;  or  it  may  suffice  to  spread  a  piece  of  gauze, 
moistened  from  time  to  time,  lightly  over  a  small  cradle  placed  over  the  neck  of  the 
patient.  It  might  be  well,  it  has  been  said,  in  some  cases  if  the  patient  could  breathe 
the  'atmosphere  of  an  orchid  house  '  2  without  being  in  it.  If  the  patient  should 
unfortunately  be  placed  in  the  midst  of  a  large  hospital  ward,  his  bed  must  be  partially, 
but  not  too  closely,  surrounded  by  a  tent-like  arrangement  of  screens  and  blankets. 

In  most  cases  in  which  tracheotomy  has  been  performed,  especially  in  those  in 
which  it  has  been  rendered  necessary  by  croup,  diphtheria,  acute  laryngitis,  &c,  the 
constant  attendance  of  a  vigilant  and  skilful  nurse  during  a  longer  or  shorter  period 
is  absolutely  requisite.  The  superlative  importance  of  careful  watching,  judicious 
management,  and  unwavering  perseverance  to  the  very  end,  cannot  be  exaggerated. 
For  want  of  such  watching,  management,  and  perseverance  in  the  after  treatment, 
many  patients  have  been  lost.  In  such  cases,  the  operation  has  usually  been 
followed  by  immediate  and  intense  relief,  and  it  has  been  too  readily  supposed  that 
nothing  more  need  be  done. 

1  See  especially  Mackenzie,  Op.  cit.  p.  510  ct  seq.  and  544,  554. 
8  Cooper  Forster,  Surgical  Diseases  of  Children,  p.  54. 
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The  special  treatment  required  varies  with  the  accident  or  disease  which  has 
rendered  the  operation  necessary.  If,  for  example,  it  has  been  performed  on  account 
of  the  presence  of  a  foreign  body,  as  soon  as  the  foreign  body  is  removed  or  expelled 
the  cannula  may  be  removed,  and  the  wound  allowed  to  cicatrise.  But  in  some  such 
cases  it  is  better  to  retain  the  cannula  for  a  day  or  two,  or  to  be  ready  to  replace  it  at 
a  moment's  notice  in  case  of  need.  If  the  operation  has  been  performed  on  account 
of  croup  or  diphtheria,  constitutional  treatment  may  be  especially  necessary.  If  it  has 
been  performed  on  account  of  obstruction  arising  from  the  effects  of  syphilitic  dis- 
ease, constitutional  as  well  as  local  treatment  is  called  for.  In  all  cases,  however, 
it  is  requisite  that  blood,  mucus,  discharges,  and  membranes  should  be  wiped  away 
immediately  on  their  expulsion  from  the  cannula,  and  that  the  inner  tube  should  be 
withdrawn,  cleansed,  and  replaced  as  often  as  may  be  needful.  The  dry  tenacious 
stuff  that  so  rapidly  and  firmly  blocks  the  cannula,  and  is  sometimes  so  difficult  to 
clean  off,  may  be  readily  softened  by  immersing  the  tube  in  a  weak  solution  of 
potash.  Before  reintroducing  the  inner  tube,  it  should  always  be  thoroughly  oiled. 
When  the  period  is  reached  at  which  the  tube  no  longer  requires  constant  watching 
and  changing,  it  is  a  good  plan  to  place  over  the  neck  of  the  patient  a  small  light 
cradle  on  which  two  or  three  layers  of  moistened  muslin  are  lightly  laid.  The  air  is 
thus  moistened,  and  the  entrance  of  dust,  ifec,  is  prevented. 

The  after  dangers  of  the  case  arise  in  great  measure  from  the  progress  or  effects 
of  the  disease  or  accident  which  may  have  rendered  the  operation  necessary.1  But 
there  can  be  no  doubt  that  the  operation  itself,  and  especially  the  retention  of  the 
cannula,  may  expose  the  patient  to  certain  r  isks.  Secondary  hemorrhage  has  been 
known  to  occur  very  soon  after  the  operation.  But  instances  are  very  rare.  The 
secondary  hamiorrhage  occurring  as  the  result  of  ulceration  set  up  by  the  cannula  has 
been  already  alluded  to.  Bronchitis  and  bronchopneumonia  not  infrequently  result, 
and  sometimes  prove  fatal.  These  affections  may  be  caused,  directly,  by  the  admission 
of  unwarmed,  unmoistened  air  to  the  lungs;  or  indirectly  by  the  extension  of  in- 
flammation from  a  spot  irritated  or  ulcerated  by  the  pressure  of  the  cannula. 

In  all  cases  it  is  desirable  to  dispense  with  the  use  of  the  cannula  at  the  earliest 
possible  period,  not  only  to  relieve  the  patient  from  the  risk  occasioned  by  its  pre- 
sence, but  also  to  favour  the  restoration  of  the  vocal  apparatus  to  its  normal  state. 
The  cannula  should  be  closed  for  a  time  by  the  finger  or  other  means,  and  the  attempt 
should  be  made  to  ascertain  how  far  respiration  can  be  naturally  accomplished.  The 
experiment  should  be  persisted  in  at  intervals,  until  it  becomes  evident  either  that  the 
cannula  may  be  safely  withdrawn,  or  that  it  would  be  hazardous  to  doso.  The  cannula 
should  not  be  withdrawn  unless  the  patient  can  be  watched  by  an  attendant  com- 
petent to  replace  it  in  case  of  need.  Before  withdrawing  the  cannula,  it  should  have 
been  ascertained  that  the  patient  can  breathe  for  some  hours  with  the  orifice  plugged. 
Small  silver  plugs,  with  perforations  of  different  sizes,  may  be  advantageously  used. 
In  order  to  enable  the  patient  to  speak  without  using  the  finger  to  close  the  orifice 
of  the  cannula,  various  contrivances,  as  those  of  Luer  and  T.  Smith,2  have  been  de- 
vised by  which  a  little  valve  opening  inwards  can  be  fitted  to  the  cannula. 

In  some  cases  the  muscles  of  the  larynx  waste,  and  become  inactive  from  pro- 
longed disuse.  In  other  cases  obstacles  to  the  restoration  of  natural  respiration 
arise  from  the  presence  of  exuberant  granulations  which  spring  up  around  the 
tracheal  opening.  In  other  cases,  again,  contractions  of  the  diseased  or  injured 
part  occur.  In  each  class  of  cases  an  attempt  should  be  made  to  remove  the  source 
of  the  difficulty  :  in  the  first  class,  by  inducing  exercise ;  in  the  second,  by  appro- 
priate applications;  in  the  third,  by  dilatation. 

After  the  cannula  has  been  removed,  the  opening  made,  as  a  rule,  speedily  closes. 
It  very  rarely  happens  that  any  serious  constriction  of  the  trachea  results  ; — unless, 
indeed,  a  considerable  portion  has  been  injudiciously  removed  in  the  course  of  the 
operation. 

In  many  cases  the  cannula  cannot  be  safely  dispensed  with  until  after  the  lapse  of 

1  See  the  article  in  the  Practitioner  already  quoted. 

2  See.  the  excellent  paper  of  Mr.  T.  Smith,  MeeL-Ckir.  Trans,  vol.  xlviii.  p.  227. 
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months  or  years ;  and  it  may  even  be  necessary  during  the  remainder  of  life.  In 
such  cases  it  is  very  important  to  remove  and  examine  the  cannula  from  time  to 
time,  for  it  is  liable  to  undergo  a  process  of  slow  corrosion.  And  many  cases  are  on 
record  in  which  the  tubular  portions  of  tracheotomy  cannulas  have  thus  become 
detached  from  the  neck  plate  and  fallen  into  the  trachea,  and  thus  imperilled  the 
life  of  the  patient.1  If  it  should  be  necessary  to  wear  the  cannula  during  a  prolonged 
period,  it  is  better  to  exchange  the  silver  cannula  first  employed  for  one  made  of 
vulcanite  ;  or  better  still  for  one  of  Morrant  Baker's  soft  india-rubber  tubes.  The 
former  of  these  are  much  lighter,  more  comfortable  to  wear,  and  being  less  sharp, 
are  not  so  likely  to  cause  ulceration  of  the  mucous  membrane  :  and  the  latter  not 
only  possess  these  advantages,  but  by  their  flexibility  accommodate  themselves  to  the 
various  movements  of  the  parts. 

The  diseases  and  accidents  which  render  it  necessary  to  make  an  opening  into 
the  windpipe  are  very  various.  The  period  at  which  the  operation  should  be  per- 
formed, and  the  spot  at  which  the  opening  should  be  made,  vary  with  the  particular 
conditions  which  may  demand  the  operation.  These  points  are  discussed  in  the 
several  sections  which  refer  to  such  conditions.  In  general  terms  it  may  be  stated 
that  one  or  other  of  the  operations  described  may  be  necessary  in  any  case  of 
disease  or  injury  which  produces  pathological  or  mechanical  impediment  to  the  free 
passage  of  air  towards  the  lungs ;  and  that  in  any  such  case  the  surgeon  must  be 
prepared  to  operate  at  any  moment. 

Foreign  Bodies  in  the  Pharynx. 

Foreign  bodies  of  various  kinds  often  become  fixed  in  some  part  or  other  of  the 
pharynx.  If  thin  and  pointed,  such  as  pins,  needles,  fish  bones,  bristles,  &c,  they 
most  frequently  stick  between  one  or  other  of  the  pillars  of  the  fauces  and  the  tonsil, 
or  in  the  mucous  folds  connecting  the  base  of  the  tongue  with  the  epiglottis.  If 
more  bulky,  such  as  portions  of  food,  false  teeth,  pieces  of  money,  ifcc.,  they  gene- 
rally become  arrested  at  or  about  the  junction  of  the  pharynx  with  the  oesophagus, 
where  the  tube  is  narrowest  and  least  easily  expansible  (the  cricoid  cartilage  being 
in  front),  and  where  the  muscular  coat  changes  its  character. 

However  small  the  foreign  substance  may  be,  it  usually  occasions  much  dis- 
comfort until  it  is  removed  :  and  the  sense  of  discomfort  often  remains  some  time 
after  removal  has  been  effected.  A  small  pointed  body  sticking  between  the  pillars 
of  the  fauces,  or  between  one  of  them  and  the  tonsil,  causes  more  or  less  local  pain, 
with  a  pricking  sensation,  increased  on  pressure  behind  the  angle  of  the  jaw.  Some- 
times there  is  considerable  difficulty  in  swallowing,  and  pain  on  attempting  to  do  so, 
accompanied  by  a  disposition  to  vomit.  Occasionally  spasmodic  contraction  of  the 
pharynx  and  oesophagus  is  excited.  It'  the  foreign  body  sticks  in  the  mucous  mem- 
brane at  the  root  of  the  tongue,  near  the  upper  orifice  of  the  larynx,  in  addition  to 
the  symptoms  already  mentioned,  cough  and  more  or  less  difficulty  of  breathing 
sooner  or  later  come  on. 

A  case  related  by  Mr.  South  2  shows  the  seventy  of  the  symptoms  that  may  he  produced 
by  a  foreign  substance  in  this  situation,  and  also  the  care  needful  for  its  detection.  A  ladv 
swallowing  a  morsel  of  food  felt  a  sharp  substance  stick  in  her  throat.  She  experienced 
constant  pricking  pain,  and  in  the  coursd  of  a  few  hours  began  to  suffer  from  cough  and  re- 
peated attempts  at  deglutition.  Nothing  being  found  on  examination,  the  case  was  con- 
sidered to  be  one  of  local  irritation.  In  the  course  of  twenty-four  hours  the  symptoms 
became  so  aggravated  as  to  threaten  suffocation.  She  was  seen  by  Mr.  Tunaley,  and  trache- 
otomy was  at  once  performed.  On  subsequent,  examination  with  the  linger,  the  point  of 
what  was  supposed  to  be  a'pinwas  felt  when  an  attempt  was  made  to  swallow.  The  foreign 
body  was  removed  by  means  of  a  pair  of  dressing  forceps  bent  for  the  purpose,  and  proved 
to  be  a  bristle  about  an  inch  in  length.  This  was  believed  to  have  penetrated  the  mucous 
membrane  at  the  root  of  the  epiglottis,  and  to  have  produced  spasm  of  the  glottis  by  the 
irritation  set  up. 

Sometimes  a  small  sharp  body  may  penetrate  the  pharyngeal  walls,  and  give  rise 
to  serious  or  fatal  haemorrhage  by  wounding  the  carotid  or  some  other  important 
artery. 

1  Trans.  Med.-Chir.  Soc.  vol.  lx.  p.  85.  Sands,  Op.  eit.\  also,  Brit.  Med.  Joum.  1876, 
vol.  ii.  p.  45;  Lancet,  Jan.  20  and  27,  1872.  8  Souths  Chelius,  vol.  ii.  p.  -384. 
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A  man,  aged  23,  was  admitted  into  St.  Bartholomew's  Hospital  with  inflammation  and 
oedema  of  the  fauces,  who,  two  days  previously,  had  fallen  with  a  clay  pipe  in  his  mouth. 
Very  soon  after  admission  he  vomited  a  quantity  of  blood,  and  in  the  evening  several  ounces 
more  escaped  from  his  mouth.  Two  days  afterwards  nearly  a  pint  of  blood  was  lost,  and  a 
cavity  found  on  the  left  side  of  the  pharynx  was  plugged.  The  next  day  haemorrhage 
recurred,  and  on  examination  under  anaesthesia  a  piece  of  tobacco  pipe,  three-quarters  of  an 
inch  long,  was  found  in  the  tonsil.  This  was  removed,  and  the  cavity  plugged.  The 
common  carotid  was  then  tied,  but  the  patient  died  in  three  hours.1 

Mr.  Joseph  Bell  2  records  the  case  of  a  lad  who  '  swallowed '  a  sewing  needle  with  his 
food.  He  felt  some  pain,  but  the  accident  was  not  considered  to  be  serious,  until  the  ninth 
day,  when  he  began  to  spit  up  blood.  On  the  tenth  day  there  was  great  haematemesis,  and 
death  took  place  in  a  few  minutes.  On  examination,  the  larynx  and  trachea  were  found  to 
be  filled  with  clotted  blood.  So  also  was  the  stomach.  The  pharynx  was  transfixed 
opposite  the  middle  of  the  thyroid  cartilage  by  a  sewing  needle  three  inches  long,  the  point 
of  which  had  penetrated  the  common  carotid  artery. 

Fingerhuth  relates  a  case  in  which  a  piece  of  tobacco  pipe  was  '  lodged  in  the  side  of  the 
pharynx,  and  after  an  interval  of  eight  months  occasioned  fatal  haemorrhage  by  wounding 
the  carotid  in  a  sudden  movement  of  the  head.' 3 

Occasionally  foreign  bodies  get  into  the  pharynx  from  without  by  passing  through 
the  skin  and  other  superficial  structures. 

Jardine  Murray  4  relates  a  remarkable  case  in  which  he  removed  from  the  pharynx  of  a 
woman  a  sewing  needle  which  had  stuck  into  her  neck  half  an  hour  previously. 

Foreign  bodies  when  large,  as  already  stated,  usually  become  impacted  at  the 
part  where  the  pharynx  becomes  continuous  with  the  oesophagus.  Occasionally, 
however,  they  may  be  arrested  higher  up.  A  striking  example  is  afforded  by  a  case 
narrated  by  Sir  J.  Paget.5 

An  old  gentleman  lying  down  faint,  or  in  a  slight  epileptic  seizure,  got  one  of  his  sets  of 
false  teeth  into  his  pharynx.  He  became  half  conscious,  and  for  a  time  suffered  from 
dyspnoea  and  a  sense  of  choking.  These  symptoms  subsided  in  a  few  days.  He  had,  how- 
ever, some  difficulty  in  swallowing,  which  gradually  increased.  He  had  frequent  short 
hacking  cough.  He  felt  constriction  about  his  cricoid  cartilage,  but  no  considerable  pain. 
The  symptoms  were  not  explained,  for  no  examination  was  permitted.  Four  months  after 
the  accident  Paget,  on  depressing  the  tongue,  indistinctly  saw  something  white  near  the  epi- 
glottis, and  on  introducing  his  finger  at  once  felt  and  easily  hooked  up  the  missing  set  of 
teeth.  This  consisted  of  a  large  palate  plate  with  nine  false  teeth  attached,  and  having 
spaces  to  fit  round  three  remaining  natural  teeth.  '  The  piece  lay  between  the  base  of  the 
tongue  and  the  epiglottis,  very  closely  fitted  to  all  the  surface  on  which  it  rested.'  It  is 
certainly  worthy  of  note  that  so  large  a  foreign  body  should  have  remained  in  the  pharynx 
without  seriously  obstructing  respiration  or  absolutely  preventing  swallowing. 

As  a  general  rule,  foreign  bodies  of  large  size,  impacted  in  the  lower  part  of  the 
pharynx,  speedily  cause  death  from  suffocation,  either  by  obstructing  or  compressing 
the  upper  part  of  the  larynx  or  by  producing  spasm  of  the  glottis.  In  some  cases 
death  occurs  so  suddenly  that  the  patient  is  supposed  to  have  died  of  apoplexy. 
Numerous  instances  are  on  record.  Such  an  accident  is  most  likely  to  happen  if 
the  pharyngeal  muscles  are  partially  paralysed,  as  after  diphtheria  or  from  some 
other  cause. 

Two  cases  of  this  kind  have  occurred  within  the  last  two  years  at  Guv's  Hospital.  In 
each  case  the  patient  was  under  treatment  for  paralysis.  In  each  death  took  place  suddenly, 
during  a  meal  ;  and  on  examination  a  portion  of  food  was  found  in  the  pharynx  pressing 
upon  and  completely  closing  the  entrance  to  the  larynx.  Mr.  South  narrates  the  following 
curious  example  of  arrest  of  a  foreign  body  in  the  pharynx.  A  medical  man,  eating  his 
breakfast  in  haste,  suddenly  felt  choked.  He  could  not  swallow  the  morsel  in  his  throat, 
and  he  could  not  breathe.  He  thrust  his  fingers  back,  and  tried  to  pull  out  the  portion  of 
food.'  He  succeeded  in  his  attempt,  and  found  that  the  piece  of  meat  hall-swallowed  was 
attached  by  a  thread  of  fibrous  tissue  to  another  piece  which  had  become  entangled  in  his 
teeth.  This  thread  had  pressed  down  the  epiglottis,  so  that-  every  effort  to  swallow  only 
made  him  worse.  A  similar  accident  occurred  to  the  same  gentleman  on  a  second  occasion, 
and  relief  was  similarly  obtained. 

1  St.  Barth.  limp.  Septs.  1«7U.  2  Medical  Gazette,  1842-3,  p.  G94. 

3  Mackenzie,  Op.  at.  p.  100. 

4  Med.  Times  and  Gazette,  May  7,  1859,  p.  468.  In  this  paper  reference  is  made  to 
numerous  interesting  cases  both  in  man  and  the  lower  animals. 

&  Med.  Times  and  Gazette,  Jan.  18,  1802,  p.  58. 
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Hard  irregular  substances,  with  sharp  points  or  angles,  as  fragments  of  bone, 
impacted  in  the  upper  and  back  part  of  the  pharynx,  may  cause  ulceration,  and  lead 
to  various  serious  complications.  In  some  instances,  caries  of  one  or  other  of  the 
upper  cervical  vertebra?  has  resulted.1 

C.  H.  Moore 2  relates  two  cases  in  which  deep-seated  abscesses  in  the  neck  followed  the 
impaction  of  foreign  bodies  into  the  pharynx.  In  each  of  these  the  foreign  body  was  ex- 
tracted externally  after  the  abscess  had  been  opened.  In  one  case  the  foreign  body  was  a 
piece  of  straw ;  in  the  other  a  husk  of  grass. 

Treatment. — In  every  case,  the  most  careful  attempts  should  be  made  to  discover, 
and  remove  through  the  mouth,  any  foreign  body  that  may  have  become  impacted  in 
the  pharynx ;  and  from  the  facility  with  which  the  pharynx  can  be  inspected  and 
explored,  it  is  generally  comparatively  easy  to  do  so.  As  a  general  rule,  the  finger 
is  the  best  instrument  to  use.  Should  such  attempts  prove  successful,  the  patient  is 
not  only  relieved  from  immediate  pain  and  discomfort,  but  is  spared  from  the  risk  he 
might  have  to  encounter  if  the  foreign  body  were  allowed  to  remain  or  were  pushed, 
or  allowed  to  pass,  further  on  down  the  gullet. 

The  foreign  body,  if  small  and  sharp,  should  be  carefully  sought  by  sight  and 
touch ;  and  when  discovered,  removed  by  the  finger,  or  appropriate  forceps.  More 
harm  than  good  is  likely  to  result  from  indiscriminately  and  roughly  wiping  round 
the  fauces  with  a  sponge,  on  the  chance  of  catching  the  foreign  body. 

The  widely  opened  mouth  of  the  patient  may  be  illuminated  either  by  placing 
him  opposite  a  good  light,  or  by  aid  of  the  frontal  mirror  of  the  laryngoscope.3 
When  the  patient  is  made  to  inspire  deeply,  and  the  tongue  is  depressed,  the  soft 
palate  becomes  raised,  and  the  pillars  of  the  fauces  are  widely  separated.  Under 
such  circumstances,  any  small,  sharp  extraneous  substance  sticking  in  the  folds  of 
the  palate,  or  between  them  and  the  tonsil,  may  often  be  seen.  Sometimes  the 
laryngeal  mirror,  properly  directed,  may  be  used  with  very  great  advantage. 

Trolard  narrates  a  case  in  which  by  aid  of  the  laryngoscope  he  saw  and  successfully 
removed  a  leech  curled  up  in  the  groove  running  along  the  right  side  of  the  larynx 
of  a  lady  who  had  hastily  drunk  a  glass  of  unfiltered  water,  and  had  since  suffered 
from  nausea,  spitting  of  blood,  <fec.4 

If  the  foreign  substance  cannot  be  seen,  the  finger  may  be  introduced  into  the 
pharynx,  and  gently  passed  over  the  surface  of  the  mucous  membrane.  Care  should 
especially  be  taken  to  explore  thoroughly  the  sulci  between  the  pillars  of  the  fauces 
and  the  tonsil.  If  the  foreign  body  should  be  low  down  in  the  pharynx  and  beyond 
the  reach  of  the  finger,  it  may  sometimes  be  detected  by  means  of  the  laryngeal 
mirror,  or  by  examination  with  a  long  probe,  or  slender  properly  curved  forceps.  If 
after  thorough  search  the  foreign  body  remains  undiscovered,  it  is  sometimes  better 
to  wait  until  the  next  day,  rather  than  to  proceed  to  the  indiscriminate  wiping 
round  of  the  pharynx  so  often  practised,  and  to  which  allusion  has  been  already 
made.  A  bristle  or  a  herring  bone,  or  any  such  substance,  often  becomes  extricated 
after  a  time,  and  passes  on  down  the  gullet. 

If  a  large  foreign  body  seriously  interferes  with  respiration,  and  is  too  firmly 
impacted  to  be  at  once  removed,  laryngotomy  must  be  performed  without  delay. 
Further  attempts  at  removal  may  then  be  made  in  safety ;  or  if  these  fail,  the  foreign 
body  may  sometimes  be  pushed  on  into  the  stomach. 

Habicot5  relates  a  very  successful  case  of  this  kind.  A  lad,  fearing  to  be  robbed, 
attempted  to  swallow  nine  pistoles  wrapped  up  in  a  piece  of  linen.  The  packet  coidd  not 
pass  the  narrow  part  of  the  pharynx,  and  suffocation  impended  from  its  pressure.  The  wind- 
pipe was  opened,  and  the  boy's  life  was  saved.  The  pieces  of  gold  were  subsequently  pushed 
on  into  the  stomach,  and  were  discharged  from  the  anus  eight  or  ten  days  afterwards. 

Coins,  and  certain  other  substances  arrested  in  the  lower  part  of  the  pharynx, 

1  See  cases  by  Fleury  and  Schupfe,  quoted  in  Nouveau  Dictionnaire  de  Medeeine  et 
Chirurgie,  Art.  Atloidienne,  p.  797. 

2  tancet,  Sept.  10,  1864,  p.  287. 

3  See  the  chapter  on  the  Laryngoscope,  in  vol.  ii. 

4  Lancet,  1871,  vol.  i.  p.  159.    Quoted  from  L'Algerie  Medicate,  1870,  No.  29. 

5  Mini  de  VAv.ad.  de  Chirm:  t.  xii.  p.  243. 
Vol.  I.  3  E 


786 


INJURIES  OF  THE  NECK. 


obstruct  the  passage  of  food  and  impede  respiration  in  a  degree  varying,  not  only 
with  their  size  and  precise  position,  bnt  also  with  the  direction  in  which  they  lie. 

I  have,  in  two  cases,  extracted  a  halfpenny  from  this  part  of  the  pharynx,  or  the  upper 
part  of  the  cesophagns  of  a  child.  In  one  case  the  child  had  been  absolutely  unable  to  swallow 
even  fluids  since  the  accident,  a  period  of  six  days,  but  respiration  was  scarcely  affected.  The 
child  was  almost  starved  to  death.  In  the  other  case,  thechild  had  been  able  to  swallow  fluids 
tolerably  well,  but  the  breathing  was  somewhat  impeded  and  croupy,  and  the  voice  was  lost. 
A  few  hours  only  had  elapsed  since  the  accident,  but  there  was  considerable  and  increas- 
ing distress.  In  the  former  case  the  coin  was  lying  with  its  flat  surfaces  upwards  and 
downwards,  and  on  the  upper  surface  was  a  little  heap  of  condensed  alimentary 
materials.  In  the  other  case  the  coin  was  fixed  obliquely  across  the  food  passage,  and  its 
edges  were  upwards  and  downwards.  In  each  case  the  coin  was  extracted  without  difficulty 
by  means  of  the  '  money-probang  '  figured  on  page  790.  In  the  case  in  which  the  coin  was 
lying  flat,  some  force  was  required  to  push  the  probang  past  it. 

If  the  foreign  body  is  very  irregular,  or  covered  with  .sharp  projecting  points,  as 
an  artificial  tooth  plate,  and  is  too  low  down  to  be  reached,  or  too  firmly  fixed  to  be 
removed  without  dangerous  violence,  the  operation  of  pharyngotomy  may  be  per- 
formed. This  operation,  which  practically  need  not  be  distinguished  from  that 
ordinarily  termed  oesophagotomy,  is  discussed  under  this  hitter  title  on  p.  791  et 
seq. 

A  foreign  body  may  remain  in  the  pharynx  for  a  considerable  period. 

Dr.  Ogier  Ward1  records  a  case  in  which  a  halfpenny  was  impacted  in  the  pharynx  of  a 
child  during  eight  months.  Stridulous  breathing  and  difficulty  in  swallowing  came  on 
immediately  after  the  accident.  The  child  could  only  suck  one  mouthful  of  milk  at  a 
time,  and  was  obliged  to  withdraw  from  the  breast  at  each  attempt  to  swallow.  One 
morning,  after  a  severe  fit  of  coughing  the  day  before,  the  child  took  the  halfpenny  out  of  his 
mouth  and  gave  it  to  his  father.  The  halfpenny  was  much  worn  and  corroded,  and  was 
thickly  coated  with  dried  mucus  and  masticated  food.    The  patient  gradually  recovered. 

Monro  mentions  a  case,  in  which  an  extraneous  substance,  arrested  at  the  termination  of 
the  pharynx,  became  lodged  in  a  sac  of  some  length  which  descended  behind  the  oesophagus. 

Rokitansky  2  remarks  that  '  sometimes  small  hard  bodies,  such  as  cherry  stones, 
give  rise  to  serious  consequences,  by  causing  at  different  parts  of  the  oesophagus,  but 
chiefly  at  the  lower  constrictor  of  the  pharynx,  the  formation  of  diverticula.'  It 
may  reasonably  be  questioned,  however,  whether  in  such  cases  it  would  not  be  more 
correct  to  suppose  that  the  small  hard  bodies  got  into,  and  perhaps  increased,  diver- 
ticula already  existing,  than  to  state  that  the  diverticula  were  originated  by  the 
presence  of  the  foreign  bodies. 

Foreign  Bodies  in  the  (Esophagus. 

A  foreign  body  may  become  arrested  and  fixed  in  any  part  of  the  oesophagus. 
Generally,  however,  lodgment  takes  place  either  opposite  the  cricoid  cartilage,  or 
j  ust  above  the  diaphragm  :  it  is  in  these  situations  that  the  tube  is  most  constricted 
and  that  the  foreign  body  is  most  readily  held  by  muscular  spasm. 

The  substances  that  have  been  retained  in  the  oesophagus  have  been  very  various. 
A.mong  the  most  common  have  been  portions  of  food,  such  as  pieces  of  crust,  or 
imperfectly  chewed  meat,  fragments  of  bone  swallowed  in  sotip,  fish  bones,  pieces  of 
money,  pins,  needles,  buttons,  artificial  teeth,  &c. ;  among  the  rarer,  may  be 
mentioned  knives,  forks,  scissors,  spoons,  keys,  &c.  In  one  instance  the  handle  of  a 
punch-ladle  was  rammed  down  the  throat,  and  became  impacted  in  the  oesophagus.3 
In  another  instance  a  boy  got  a  large  pike  hook  fixed  in  his  own  gullet.4  Legouest 5 
states  that  small  leeches  are  often  swallowed,  in  drinking  water,  by  soldiers  in 
campaign.  They  are  apt  to  attach  themselves  to  the  walls  of  the  pharynx  or  upper 
part  of  the  oesophagus,  and  to  give  rise  to  considerable  discomfort,  frequent  desire  to 
vomit,  and  intermittent  flow  of  blood  from  the  mouth. 

'  Pathological  Transactions,  1848-4!'. 

2  Pathological  Anatomy  (Sydenham  Society's  Translation),  vol.  ii.  p.  L3. 

3  Museum  of  Royal  College  of  Surgeons.    Path.  Catalogue,  vol.  iii.  p.  28. 

1  Dr.  Gillespie,  Edin.  Med,  Joum.  18.5'.),  p.  770.  5  Chirurgie  d'Arnnk;  p.  4:J-">. 
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The  symptoms  and  ultimate  effects  vary  with  the  size,  shape,  and  angularity  or 
pointedness  of  the  substance,  and  the  position  in  which  it  has  become  fixed. 

If  the  foreign  substance  is  small,  it  may  simply  produce  irritation,  with  moi'e  or 
less  difficulty  and  pain  in  swallowing.  Its  long  continued  presence,  however,  may 
excite  inflammation,  which  may  gradually  go  on  to  suppuration  and  ulceration. 

If  the  foreign  body  is  small  in  bulk,  but  pointed  and  sharp,  as  a  needle,  pin,  &c, 
it  may  stick  for  a  long  time  in  the  mucous  membrane,  and  defy  all  attempts  at 
removal.  In  other  instances  it  may  quickly  become  loosened  by  ulceration,  and  may 
be  got  rid  of  either  by  being  vomited,  or  by  descending  into  the  stomach,  and  being 
voided  with  the  fjeces.  Sometimes  a  foreign  body  of  this  kind  penetrates  the  walls 
of  the  oesophagus,  and  subsequently  pierces  the  trachea  or  the  aorta,  or  gets  into  the 
posterior  mediastinum,  and  in  one  way  or  other  sooner  or  later  causes  death  :  some- 
times it  finds  its  way  on  to  some  remote  part  of  the  body,  and  approaches  the  surface, 
and  finally,  after  the  lapse  of  months  or  years,  becomes  discharged  through  an  abscess 
to  which  it  has  given  rise.    Sometimes  fatal  results  speedily  ensue. 

Dr.  Andrew  1  records  the  case  of  a  woman  who  was  found  on  a  doorstep  in  a  dying  state, 
and  removed  to  University  College  Hospital.  Before  admission  she  had  ceased  to  breathe.  On 
examination  a  fish  bone  was  discovered  perforating  the  stomach  close  to  the  oesophagus, 
'then  the  diaphragm  and  pericardium,  and  lastly  the  substance  of  the  posterior  surface  of  the 
heart;  then  inflicting  a  jagged  wound  in  the  middle  of  its  septum,  immediately  over  the 
right  coronary  artery  and  vein,  and  puncturing  the  latter  vessel.'  ....  'The  pericardium 
was  fllled  with  a  pint  and  a  half  of  fluid  blood,  .  .  .  poured  out  by  the  wounded  vein.'  It 
is  very  probable,  according  to  the  report,  that  the  bone  was  first  impacted  in  the  lower  part 
of  the  oesophagus,  then  reversed  in  direction  by  the  passage  of  a  portion  of  food,  and  lastly 
by  muscular  contraction  forced  through  the  walls  of  the  tube. 

Aschenborn  2  relates  the  case  of  a  young  man  who  suffered  pain  in  the  epigastrium  and 
along  the  gullet,  after  having  swallowed  a  hard  morsel  of  bread.  Nine  days  afterwards  two 
bloody  stools  were  passed.  The  following  night  another  stool  of  pure  blood  was  passed,  and 
the  patient  became  collapsed.  The  next  day  immense  haemorrhage  occurred  from  the  mouth 
and  he  succumbed  in  a  few  minutes.  On  examination  a  small  rent  in  the  oesophagus  was 
found,  at  right  angles  to  which  was  a  needle  two  inches  long  piercing  both  walls  of  the  aorta 
from  before  backwards. 

If  a  comparatively  large,  hard,  and  angular  or  pointed  foreign  body  is  retained 
in  the  oesophagus,  deglutition  is,  as  a  rule,  rendered  more  or  less  difficult  or  impos- 
sible ;  and  other  results  of  the  most  serious  character  may  speedily  follow. 

Dr.  J.  W.  Ogle 3  records  a  case  in  which  a  portion  of  bone,  arrested  in  the  oesophagus,  set 
up  ulceration  of  an  intervertebral  substance.  Distase  of  the  spinal  cord  followed.  Dr.  Duncan 
ot  Edinburgh  1  relates  a  case  in  which  the  metal  setting  of  some  false  teeth  stuck  in  the  oeso- 
phagus. The  sharp  points  caused  ulceration,  which  extended  through  into  the  arch  of  the 
aorta.  Fatal  haemorrhage  ensued.  Dr.  Hume-Spry,5  of  the  2nd  Life  Guards,  brought  before 
the  Pathological  Society  a  specimen  illustrating  the  case  of  a  trooper  in  robust  general  health, 
who  complained  '  of  indigestion  and  oppression  at  his  chest,  the  result,  he  said,  of  having 
.  .  .  swallowed  a  piece  of  gristle,  which  seemed  to  stick  half-way  down.'  Purgatives  and 
emetics  were  administered,  but  without  beneficial  effect.  Two  days  afterwards  the  patient 
seemed  '  very  ill.  His  countenance  was  pale  and  anxious,  and  be  suffered  very  much  from 
pain  in  the  chest.'  The  pain  increased  and  seemed  to  spread.  In  the  afternoon  he  was  able 
to  swallow  some  milk.  In  the  evening,  after  stooping,  he  suddenly  vomited  an  enormous 
quantity  of  arterial  blood,  and  fell  back  on  his  pillow  dead.  On  post-mortem  examination,  there 
was  found  about  the  middle  of  the  oesophagus  '  a  round  blackish,  ulcerated  mass,  the  size  of  a 
t  hreepenny  piece,'  in  the  centre  of  which  a  sharp  spicula  of  bone  projected.  The  bone  was  traced 
on  into  '  the  aorta,  in  the  ascending  portion  of  which,  about  an  inch  and  a  quarter  below  the 
origin  of  the  arteria  innominata,  a  similar  dark-coloured  patch  of  ulceration  was  detected, 
enclosing  the  other  end  of  the  bone.  Across  the  ulcer  a  rent  had  taken  place,  about  one-fifth 
of  an  inch  in  length.'  Mr.  Bradley  records  the  case  of  a  -  smasher  '  who  attempted  to  swallow 
a  counterfeit  half-crown.  Eight  months  afterwards  death  occurred  from  sudden  profuse 
haemorrhage.  The  coin  was  found  to  have  produced  ulceration  of  the  gullet  extending  into 
the  aorta.6 

A  man  died  on  the  evening  of  his  admission  to  the  London  Hospital  after  bringing  up  a 
great  quantity  of  bright  red  blood,  together  with  a  large  black  clot.    Ten  days  previously 

1  Lancet.  Aug.  25,  1860,  p.  186. 

2  Berlin.  Klin.  Wochensch.  Dec.  1877,  quoted  in  Lond.  Med.  Rec.  Jan.  1878,  p.  21. 

3  Patholoijical  Transactions,  vol.  iv.p.  27.  The  specimen  is  in  the  Museum  of  St.  George's 
Hospital.  4  Northern  Journal  of  Medicine,  May,  1844. 

5  Pathological  Transactions,  vol.  xix.  p.  219.  l'  Med.  Times  and  Gaz.  1868,  p.  447. 
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a  fish-bone  had  become  '  lodged  in  his  throat '  and  had  given  rise  to  gradually  increasing 
suffering.  On  post-mortem  examination  Dr.  Sutton  found  about  the  level  of  the  fourth  dorsal 
vertebra  two  perforating  ulcers  of  the  oesophagus.  The  one  on  the  right  had  caused  inflam- 
matory thickening  and  exudation  around  the  vena  azygos,  with  plugging  of  the  vein  ;  that  on 
the  left  had  made  its  way  into  the  aorta,  in  which  was  an  opening  that  would  admit  a  probe.1 
These  ulcers  had  doubtless  been  caused  by  the  fish  bone  lodged  across  the  oesophagus.  ; 

Foreign  bodies  of  large  size  impacted  in  the  upper  part  of  the  oesophagus  may 
endanger  life  by  pressing  upon  the  trachea,  and  obstructing  respiration. 

Notwithstanding  the  risks  involved,  it  has  happened  in  some  instances  that 
foreign  bodies  have  been  retained  a  considerable  time  in  the  oesophagus  without 
producing  any  serious  mischief. 

In  the  case  to  which  allusion  has  already  been  made,  an  insane  gentleman  rammed  the 
whalebone  handle  of  a  punch-ladle  down  his  throat,  with  suicidal  intent.3  The  instrument 
was  extracted  after  having  been  in  the  throat  sixty-two  hours,  during  which  period  the  patient 
had  eaten,  drunk,  and  slept  as  usual.  No  ill  result  followed,  and  the  next  da}-  the  patient 
was  free  from  complaint.  Monro  mentions  a  case  in  which  a  halfpenny  was  retained  in  the 
oesophagus  of  a  boy  during  a  period  of  three  years.  After  death  from '  consumption,'  the  half- 
penny was  found  closely  embraced  by  the  gullet.  Another  case  is  also  mentioned  by  Monro 
in  which  a  halfpenny  was  removed  by  means  of  a  blunt  hook,  after  having  been  impacted  in 
the  oesophagus  for  six  months. 

Mondiere  3  quotes  from  Gauthier  a  case  in  which  a  bone  remained  in  the  oesophagus  for 
forty  years,  and  gave  rise  to  most  of  the  symptoms  of  pulmonary  phthisis.  The  bone  was 
finally  thrown  up  during  vomiting,  and  in  tbe  course  of  six  weeks  the  patient  was  well. 

Diagnosis. — It  is  not  always  easy  to  diagnose  with,  certainty  the  presence  of  a 
foreign  body  in  the  oesophagus.  The  history  of  the  case  and  the  sensations  described 
by  the  patient  may  sometimes  be  delusive,  both  as  regards  the  presence  of  a  foreign 
body,  and  its  precise  situation,  if  present.  Thus,  there  may  be  much  local  pain, 
considerable  difficulty  in  swallowing,  and  even  interference  with  respiration,  although 
no  foreign  body  is  actually  present.  Such  symptoms  may  arise  from  abrasion  of  the 
mucous  membrane,  and  subsequent  inflammation,  produced  by  swallowing  a  large 
irregular  substance.  Again  the  irritation  and  discomfort  set  up  often  continue  for 
some  time  after  the  foreign  body  has  become  dislodged  and  passed  downwards.  And 
the  sensations  experienced  are  not  infrequently  referred  to  an  altogether  different 
part  to  that  which  is  really  affected. 

The  most  thorough  and  careful  examination  by  means  of  the  finger,  or  the  bougie 
or  sound  (according  to  the  supposed  situation  of  the  foreign  body),  or  by  aid  of  the 
cesophagoscope,  should  always  be  made  with  as  little  delay  as  practicable. 

If  the  foreign  body  is  large  and  is  impacted  in  the  upper  paii  of  the  tube,  it  may 
sometimes  be  felt  on  external  examination,  and  sometimes  may  be  reached  by  the 
fingers  passed  through  the  mouth,  or  it  may  be  at  once  detected  on  passing  a  bougie 
or  sound.  But,  if  the  foreign  body  is  small,  and  especially  if  it  is  impacted  in  the 
lower  part  of  the  oesophagus,  detection  is  by  no  means  easy ;  and  cases  have  occurred 
in  which  foreign  substances  of  small  size,  although  retained,  have  not  been  discovered 
during  life,  even  after  repeated  and  careful  examinations. 

For  purposes  of  exploration,  a  flexible  whalebone  probang,  with  olive-shaped 
ivory  knob,  or  polished  metal  knob,  is  far  better  than  the  sponge  probang  ordinarily 
used  with  which,  as  Langenbeck  justly  points  out,  '  we  can  feel  nothing.' 

If  the  foreign  body  is  not  far  down,  the  cesophagoscope  of  Mackenzie  may  some- 
times be  advantageously  used.  This  instrument  consists  of  a  skeleton  speculum 
which  is  made  to  expand  after  introduction  by  movement  of  the  handle.  To  the 
upper  end  of  the  speculum  a  mirror  is  attached,  which  is  illuminated  as  in  the 
use  of  the  laryngoscope.  Good  results  have  already  been  obtained  by  aid  of  this 
instrument.4 

1  Lancet,  May  13,  1871,  p.  646. 

2  Pathological  Catalogue  of  Royal  College  of  Surgeons,  vol.  iii.  p.  28. 

a  Arch.  Generates,  t.  xxiv.  p.  338.  '  Sur  les  Accidents  determines  parle  sejour  des  Corps 
Etrangers  dans  l'Gilsophage.'  This  paper  contains  a  large  number  of  interesting  illustrative 
cases. 

1  Med.  Times  and  Gazette,  July  16,  1881.  Stork  has  also  invented  an  cesophagoscope 
(Wiener  Med.  Woch.  1881,  No.  8).  More  extended  trial  of  both,  however,  is  needed  before 
their  practical  merits  can  be  determined. 
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In  the  case  of  a  sharp-pointed  body  of  small  bulk  the  diagnosis  may  be  very  difficult, 
and  sometimes  is  not  made  at  all  until  after  death.  At  a  meeting  of  the  Medico-Chirurgical 
Society  of  Edinburgh  (Jan.  1859),  Dr.  W.  T.  Gairdner  narrated  the  history  of  a  woman  who 
was  supposed  to  be  suffering  from  typhus,  and  was  accordingly  sent  to  the  fever  ward  of  the 
hospital.  The  symptoms  in  the  main  were  those  of  double  pneumonia,  accompanied  by  a, 
peculiar  laryngeal  cough.  Death  occurred  forty-eight  hours  after  admission.  On  exami- 
nation, a  fish  bone,  which  had  passed  through  the  posterior  wall  of  the  oesophagus,  was  found 
imbedded  in  pus  in  front  of  the  vertebral  column.  There  was  pus  in  both  pleura?,  in  the 
lungs,  and  in  the  pericardium. 

Prognosis. — In  a  very  large  proportion  of  cases,  doubtless,  the  impaction  is  only 
temporary,  and  is  relieved  sooner  or  later  by  the  onward  passage  of  the  foreign 
body,  or  by  its  expulsion  by  vomiting,  without  surgical  interference,  and  without 
any  serious  complication  or  result.  Such  cases  are  little  likely  to  be  placed  on 
record.  But  in  many  cases  the  issue  is  far  different,  and  the  recognised  impaction 
of  a  foreign  body  in  the  oesophagus  must  be  regarded  as  a  serious  accident  affording 
ground  for  grave  anxiety. 

Adelman  1  has  tabulated  and  analysed  314  cases,  in  109  of  which  fatal  results 
ensued.  In  31  of  the  fatal  cases,  death  was  due  to  perforation  of  the  heart,  aorta,  or 
one  of  the  great  vessels ;  in  43  to  lesions  of  the  respiratory  organs ;  and  in  25  to 
ulceration  of  the  oesophagus  and  inflammatory  mischief  set  up  in  the  neighbouring- 
parts. 

Fig.  119.— Horse-hair  Probang. 

Treatment. — Any  foreign  body  impacted  in  the  oesophagus  should  be  removed  as 
soon  as  practicable.  The  method  to  be  adopted  must  depend  to  a  certain  extent 
upon  the  size  and  character  of  the  foreign  substance,  as  well  as  upon  the  position  in 
which  it  is  fixed. 

Sometimes  the  popular  plans  of  slapping  the  back  or  exciting  vomiting  by 
tickling  the  fauces  may  produce  an  effort  by  which  dislodgment  may  be  effected. 

Fig.  120. — Horse-hair  Probang,  expanded. 


If  the  extraneous  substance  is  known  to  be  of  moderate  size,  and  of  such  nature 
that  it  may  be  easily  digested,  or  of  such  shape  that  it  is  not  likely  to  be  hurtful  in 
its  passage  through  the  stomach  and  intestinal  canal,  it  may  be  gently  pushed  on 
into  the  stomach  by  means  of  a  long  flexible  probang  to  the  end  of  which  a  piece  of 
sponge  or  an  ivory  knob  is  firmly  attached  (fig.  121).  If  such  a  substance,  how- 
ever, should  be  lodged  in  the  upper  part  of  the  canal,  attempts  should  first  be  made 
to  remove  it  by  the  finger,  or  by  means  of  long  curved  forceps.  The  risk  of  injuring 
the  mucous  membrane  of  the  oesophagus  by  the  passage  of  the  probang  is  thus 
avoided.  Sometimes  when  the  substance  is  in  this  situation,  and  especially  if  it  is 
soft  and  compressible — as  a  bolus  of  food — it  may  be  displaced,  and  subsequently 
removed,  or  it  may  be  so  altered  in  shape  as  to  facilitate  its  removal  by  digital  pressure 
along  the  side  of  the  neck. 

Small,  hard,  pointed  substances,  such  as  pins,  needles,  nails,  fish  bones,  &c, 
should  always  be  removed  if  possible,  rather  than  pushed  on  into  the  stomach.  In 
some  such  cases  a  probang  to  which  a  piece  of  dry  sponge  is  fastened  may  be  success- 
fully used ;  in  others,  a  long  flexible  sound,  with  a  skein  of  thread  attached  to  its 
extremity,  may  prove  of  service.  The  skein  of  thread  forms  a  grea.t  number  of  loops, 
in  some  of  which  the  foreign  substance  may  be  entangled.  The  probang  thus 
furnished  should  be  carefully  passed  beyond  the  supposed  situation  of  the  foreign  body, 
and  gently  rotated  during  its  withdrawal.  The  '  horse-hair'  probang  (fig.  120)  may 
be  used  in  a  similar  manner.    The  instrument  is  passed  beyond  the  foreign  body  in  the 


1  Vierteljahrsch.  fur  Prakt.  Heilkunde,  1867. 
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condition  shown  in  fig.  1 19  ;  then,  by  pulling  the  handle  a,  the  horse-hair  is  made  to 
spread  out,  as  shown  in  fig.  120.  On  gently  rotating  the  instrument  during  with- 
drawal, the  foreign  body  may  be  caught  and  removed. 

It  must  be  borne  in  mind  that  pointed  substances  are  most  likely  to  stick  when 
they  go  with  their  points  downwards;  and  that  therefore  attempts  to  push  them  on 
may  often  only  result  in  burying  them  more  deeply  in  the  tissues.  Tn  some  instances, 
however,  in  which  the  bodies  are  small  and  flexible,  as  herring  bones,  bristles,  &c, 
they  may  be  safely  pushed  on.    It  occasionally  happens  that  this  is  most  easily 

Fig.  121. — Probang  with  sponge  at  end  a  ;  Money-probaug  at  end  b. 


effected  by  making  the  patient  swallow  a  large  bolus  of  food,  and  immediately  after- 
wards a  draught  of  water. 

Coins  and  such  like  bodies  may  often  be  extracted  with  comparatively  little 
difficulty  by  means  of  a  flat  blunt  hook  connected  by  a  thin  slip  of  steel  to  the  end 
of  a  long  whalebone  probang  (fig.  121,  b). 


Fig.  122. — Graefe's  Coin-catcher. 


Graefe's  '  coin-catcher  '  or  '  panier  a  bascule  '  is  a  better  and  more  generally  useful 
instrument  (fig.  122). 

If  the  foreign  body  is  large  and  hard,  with  rough  angular  surfaces  or  projecting 
points,  as  a  piece  of  glass  or  stone,  or  a  fragment  of  bone  of  considerable  size,  it 
should  always  be  extracted  if  possible.    Long,  properly  curved  forceps  are  most 


Fig.  123. — Forceps  for  Extraction  of  Foreign  Bodies. 


likely  to  be  of  service  in  such  a  case.  The  oesophageal  forceps  ordinarily  made  are 
of  two  kinds ;  in  one  the  blades  open  laterally,  and  in  the  other  anteroposteriorly. 
In  some  cases  the  former,  in  others  the  latter,  form  is  the  more  readily  applicable. 
The  oesophageal  forceps  devised  by  MM.  Robert  et  Collin  of  Paris,  and  modified  and 
improved  on  my  suggestion  by  Messrs.  Mayer  and  Meltzer  of  London,  are  far  better 
than  the  ordinary  forceps.  Fig.  123  illustrates  the  principle  upon  which  these  forceps 
are  made.  It  will  be  seen  that  very  slight  separation  of  the  handles  causes  very  wide 
separation  of  the  blades.1  I  believe,  however,  that  my  '  flexible  forceps '  (see  fig.  110, 
p.  767),  from  their  ready  adaptability,  will  prove  to  be  more  useful  than  any  others 
that  I  am  at  present  acquainted  with. 

The  forceps,  of  whatever  kind,  well  oiled  and  with  the  blades  closed,  should  be 

1  The  forceps  figured  above  are  more  suitable  for  the  pharynx  than  for  the  oesophagus. 
Those  for  the  latter  are  longer  and  more  widely  curved. 
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passed  gently  through  the  pharynx,  and  along  the  oesophagus,  and  used  as  a  sound 
or  probe  until  the  foreign  body  is  touched.  The  blades  may  then  be  opened,  and 
an  attempt  made  to  seize  the  foreign  body.  Should  the  attempt  be  successful,  the 
foreign  body  may  be  withdrawn  :  but  in  doing  this  the  greatest  delicacy  and  the 
most  careful  manipulation  are  necessary  in  order  to  avoid  lacerating  the  mucous 
membrane. 

In  some  cases,  if  the  stomach  is  full  and  no  other  means  are  at  hand,  vomiting 
may  be  excited,  either  by  tickling  the  fauces  or  by  the  administration  of  an  emetic — 
hypodermically,  or  by  enema  if  swallowing  is  impossible — in  the  hope  that  the  ejection 
of  the  contents  of  the  stomach  may  displace  and  expel  the  extraneous  substance. 
But  this  treatment  is  rarely  successful.  If  the  body  is  of  large  size  and  firmly  im- 
pacted, and  especially  if  its  surface  is  rough  or  angular,  continued  and  violent  vomit- 
ing is  not  unlikely  to  give  rise  to  laceration  of  the  oesophagus.  And  if  the  body  is 
small  and  pointed,  vomiting  may  only  render  it  more  firmly  fixed.  But  although, 
therefore,  the  administration  of  emetics  cannot  as  a  rule  be  recommended,  it  is  right 
to  state  that  cases  are  on  record  in  which  large  portions  of  meat,  impacted  in  the 
pharynx  and  producing  urgent  symptoms  of  suffocation,  have  been  got  rid  of  by 
vomiting  induced  by  the  injection  of  a  solution  of  tartarised  antimony  into  the  arm.1 
Other  cases  are  recorded  in  which  tartarised  antimony  and  sulphate  of  zinc  ad- 
ministered internally  have  led  to  satisfactory  results.2 

In  the  case  of  a  girl  who  had  a  fish  bono  sticking  in  the  lower  part  of  the  oeso- 
phagus, Krishaber  adopted  the  device  of  passing  into  the  stomach  a  probang  furnished 
at  the  end  with  a  piece  of  dry  compressed  sponge,  after  having  made  the  patient 
drink  a  quantity  of  water.  After  the  sponge  had  become  distended  with  water,  he 
withdrew  it,  successfully  bringing  up  the  fish  bone  with  it. 

In  some  cases  in  which  small  bones  have  been  lodged  in  the  oesophagus,  it  would 
appear  that  the  constant  swallowing  of  the  dilute  mineral  acids  has  been  of  benefit. 
Professor  W.  Hall,  of  Baltimore,  observes  :  '  When  a  small  bone  is  lodged  in  the 
fauces  or  oesophagus,  it  may  be  decomposed,  or  rendered  so  flexible  that  it  will  pass 
into  the  stomach,  by  the  patient  freojuently  taking  diluted  mineral  acids.  By  this 
means  I  have  succeeded  in  removing  a  small  chicken  bene  from  the  oesophagus, 
across  which  it  had  remained  firmly  fixed  for  several  hours,  although  an  emetic  had 
been  administered,  and  the  curved  forceps  and  probang  had  been  frecjuently  used, 
without  success.'  It  is  right  to  allude  to  this  method  of  treatment,  but  I  venture  to 
think  it  would  be  wrong  to  recommend  its  adoption. 

When  a  foreign  body,  lodged  in  the  oesophagus  high  up,  obstructs  respiration  by 
pressure  upon  the  trachea,  laryngotomy  or  tracheotomy  must  be  performed.  It  may 
be  possible  to  open  the  air  tube  below  the  point  where  it  is  compressed.  But  even 
if  this  is  impossible,  an  elastic  tube  may  be  passed  down  through  the  opening  made ; 
anol  respiration  may  be  relieved  until  the  foreign  body  can  be  removed. 

(Esojihagotomy. — If  a  foreign  body  in  the  oesophagus  or  pharynx  can  neither  be 
extracted  nor  pushed  down,  nor  got  rid  of  by  any  ordinary  means,  it  should  be 
removed  by  operation,  without  unnecessary  delay.  It  is  true  that  in  some  cases 
extraneous  substances  have  remained  in  the  oesophagus  oluring  very  long  periods 
without  producing  much  distress,  or  occasioning  any  serious  injury  to  the  neighbour- 
ing parts.  But  it  is  equally  true  that  in  a  large  proportion  of  cases  extensive  sup- 
puration and  ulceration,  and  very  frequently  fatal  results,  have  ensued.  On  the  other 
hand,  the  operation  of  cesophagotomy,  or  pharyngotomy,  for  the  removal  of  foreign 
bodies  has  hitherto  proved  eminently  successful.  This  operation  was  first  suggested 
by  Verduc  in  1643,  and  first  practised,  so  far  as  is  known,  by  Goursault,  in  1738, 
and  was  strongly  advocated  by  Lavacherie  in  1848. 3  It  may  appear  formidable  in 
conception  ;  but  practically  it  is  not  difficult  in  execution,  nor  is  it  necessarily  ac- 
companied by  any  great  risk.    Experience  shows  that  the  chief  danger  is  in  delay. 

1  Diet,  des  Sciences  Medicales,  t.  vii.  pp.  lIt,  22, 

2  Cooper's  Dictionary,  7th  Ed.  p.  1026. 

3  Mem.  de  V Academic  Royale  de  Med.  de  Belyique,  1848. 
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This  is  very  forcibly  urged  by  Dr.  Cheever  of  Boston,  U.S.,  in  his  excellent  mono- 
graph on  the  subject.1 

Mr.  Cock,  referring  to  the  recorded  cases,  writes  :  '  It  would  appear  that  success 
lias  attended  a  speedy  operation,  whereas  in  those  instances  in  which  the  use  of  the 
knife  has  been  delayed  until  local  inflammation,  suppuration,  or  even  sloughing  has 
been  established,  and  the  patient's  powers  have  been  prostrated  by  fasting,  pain,  and 
want  of  rest,  the  operation  has  been  fatal.'  2  Again,  Mr.  Arnott,  who  was  the  first 
in  this  country  to  urge  the  importance  and  demonstrate  the  practicability  of  this 
operation,  writes  :  '  The  rule  of  practice  ought  to  be,  when  a  solid  substance,  though 
only  of  moderate  size  and  irregular  shape,  has  become  fixed  at  the  commencement  of 
the  oesophagus,  or  low  down  in  the  pharynx,  and  has  resisted  a  fair  trial  for  its 
extraction  or  displacement,  that  its  removal  should  at  once  be  effected  by  incision, 
although  no  urgent  symptoms  may  be  present.' 3 

It  is  probable  that  further  experience  will  prove  that  the  operation  may  be 
advantageously  performed  even  in  cases  in  which  the  foreign  body  is  much  lower 
down  in  the  oesophagus  than  indicated  in  the  above  quotation.  Indeed,  in  one  of 
Mr.  Syme's  cases  the  foreign  body  was  opposite  the  top  of  the  sternum,  and  in  one 
of  Dr.  Cheever's  just  below  the  top  of  the  sternum. 

More  or  less  complete  details  have  been  published  of  at  least  45  cases  of  cesopha- 
gotomy  for  the  removal  of  foreign  bodies.  In  35  of  these  recovery  resulted,  and  the 
operation  may  be  regarded  as  having  been  fully  successful,  although  in  two  cases 
the  foreign  bodies  were  not  found.  In  9  cases  death  took  place.  But  in  scarcely 
any  of  these  could  the  fatal  issue  be  attributed  to  the  operation,  and  in  all  except 
two  the  foreign  bodies  were  found  and  successfully  removed.  In  one  case  the  result  is 
not  stated.  The  causes  of  death  in  the  fatal  cases  were  as  follows : — In  one  case 
(Mr.  Arnott's)  the  patient  died  of  pneumonia,  and  in  one  (Billroth's)  of  tuberculosis 
of  lung,  which  existed  before  the  operation  was  performed.  In  four  cases  (Demar- 
qnay's  and  Flaubert's,  and  Koenig's  and  Dumreicher's 4)  abscesses  already  existed. 
Respecting  Martini's  fatal  case  Mr.  Cock 5  makes  the  following  remarks,  the 
justice  of  which  will  scarcely  be  disputed:  'When  we  read  that  the  man  was  re- 
peatedly bled,  that  sixty  separate  attempts  at  dislodgment  were  made  with  levers 
and  forceps,  that  enemata  of  belladonna  were  employed,  that  finally  tartar  emetic 
was  injected  into  the  veins,  followed  up  by  clysters  of  vinegar  and  opium  to  counter- 
act its  effects ; — moreover,  that  during  this  ordeal  the  patient  was  unable  to  swallow 
even  a  drop  of  water,  it  is  not  surprising  that  he  finally  succumbed.' 

In  one  case  (Bille's  c)  gastrotomy  was  performed  subsequently  to  the  cesophago- 
tomy,  and  the  patient  died  of  peritonitis.  In  this  remarkable  case  a  camel's-hair 
brush  and  sponge  attached  to  a  long  German  silver  wire  had  been  habitually  used 
by  the  patient  for  cleansing  his  oesophagus.  On  one  occasion  the  wire  broke,  leaving 
the  lower  portion  with  the  brush  and  sponge  in  the  gullet.  C3sophagotomy  was 
performed,  but  the  instrument  could  not  be  withdrawn.  The  stomach  was  there- 
fore opened,  and  the  sponge  was  found  near  the  pylorus,  and  the  wire  still  in  the 
lower  part  of  the  oesophagus.  Lastly,  in  one  of  Langenbeck's  7  cases  infiltration  of 
the  cellular  tissue,  followed  by  suppuration  in  the  mediastinum,  supervened  on  the 
operation,  and  the  patient  died  on  the  eleventh  day. 

Method  of  operation. — The  side  of  the  neck  upon  which  it  is  better  to  operate, 
and  the  exact  situation  in  which  it  is  best  to  make  the  incision,  depend  upon  circum- 
stances. If  on  external  examination  the  foreign  body  can  be  felt  projecting  on  one 
side,  the  incision  should  be  made  on  that  side  and  directly  over  the  projection.  If, 
however,  the  foreign  .body  does  not  project  on  one  side  more  than  on  the  other,  it  is 
better  to  operate  on  the  left  side,  inasmuch  as  the  oesophagus  inclines  rather  to  the 

1  Two  Cases  of  (Esophayotomy  for  the  Removal  of  Foreign  Bodies,  with  a  History  of  the 
Operation,  by  D.  W.  Cheever,  M.D.    2nd  Ed.    Boston,  1808. 

2  Guy's  Hosp.  Repts.  3rd  Series,  vol.  xiii.  p.  8.       3  Med.-Chir.  Trans,  vol.  xviii.  p.  93. 

4  Quoted  Med.  Record,  Feb.  1878.  5  Gwfs  Soap.  Repts.  3rd  Series,  vol.  iv.  p.  230. 

6  Berlin  Klin.  Wochensch.  1880.  7  Quoted  from  Brit.  Med.  Journ.  1879. 
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left,  and  this  side  of  the  neck  is  in  some  respects  the  more  favourable  for  the  manipu- 
lation of  the  surgeon.  The  patient  should  lie  upon  his  back,  the  head  and  shoulders 
should  be  slightly  elevated,  and  the  face  turned  somewhat  towards  the  opposite  side. 
An  incision  four  or  five  inches  in  length  should  first  be  made  through  the  integu- 
ments over  the  depi'ession  between  the  sternomastoid  and  the  windpipe.  The 
incision  should  extend  from  about  opposite  the  upper  border  of  the  thyroid  cartilage 
nearly  as  low  as  the  sternoclavicular  articulation.  The  platysma  myoides  muscle 
and  the  cervical  fascia  are  then  to  be  divided.  The  edges  of  the  wound  being  held 
apart,  the  omohyoid  muscle  may  be  drawn  outwards  or  cut  through.  The  outermost 
fibres  of  the  sternohyoid  and  the  sternothyroid  muscles  may  be  drawn  inwards  or 
divided  to  such  an  extent  as  may  be  necessary.  The  carotid  sheath,  with  the  con- 
tained vessels,  thus  fully  exposed,  should  next  be  carefully  drawn  outwards  together 
with  the  sternomastoid,  and  retained  by  means  of  blunt  retractors ;  and  the  thyroid 
body  should  be  separated  so  far  as  may  seem  necessary  and  drawn  inwards.  The 
separation  of  these  parts  is  best  effected  by  means  of  the  handle  of  the  scalpel,  or  a 
round-edged  scalpel,  or  simply  by  the  finger. 

The  larynx  being  now  drawn  somewhat  forwards,  and  turned  slightly  upon  its 
long  axis,  the  finger  may  be  passed  behind  it ;  and  an  attempt  made  to  discover  the 
position  of  the  foreign  body.  If  this  cannot  be  done,  a  long  pair  of  curved  forceps 
may  be  introduced  by  the  mouth,  passed  well  down  into  the  pharynx,  and  then 
opened,  and  made  to  press  the  walls  of  the  tube  well  towards  the  wound,  or  a  firm 
but  appropriately  curved  bougie  or  sound  may  be  used.  A  good  guide  is  thus 
ensured.  An  opening  large  enough  to  admit  the  finger  should  next  be  made  into 
the  oesophagus  or  pharynx.  This  opening  may  afterwards  be  extended  upwards  or 
downwards  if  necessary.  Any  small  bloodvessels,  divided  during  the  operation, 
should  be  at  once  tied.  In  the  latter  stages  of  the  operation  great  care  must  be 
taken  to  avoid  the  recurrent  laryngeal  nerve,  which  ascends  in  the  groove  between 
the  trachea  and  oesophagus. 

Lastly,  the  foreign  body  should  be  searched  for  with  the  finger,  and  when  found, 
extracted  by  means  of  appropriate  forceps.  The  wound  should  not  be  closed  by 
sutures. 

For  the  first  few  days  after  the  operation  the  patient  should  be  fed  through  an 
elastic  catheter,  or  small  oesophagus  tube,  passed  through  the  mouth  into  the 
oesophagus  beyond  the  wound.  In  a  few  days  the  ordinary  oesophagus  tube  may  be 
used. 

The  method  thus  described  corresponds  closely  with  that  originally  recommended 
by  Gualtani  in  1747,  and  it  appears  to  be  beyond  question  the  best  yet  devised.  At 
any  rate,  it  has  been  adopted  with  unvaried  success  by  Arnott,  Cock,  Syme,  Cheever, 
Langenbeck,1  and  others ;  and  certainly  in  the  two  cases  in  which  I  had  the  oppor- 
tunity of  seeing  Mr.  Cock  operate,  it  was  carried  out  without  any  great  difficulty. 

Nelaton,  who,  however,  writes  apparently  without  any  practical  experience  of 
the  operation,  and  at  the  same  time  seems  to  entertain  an  exaggerated  idea  of 
its  difficulty  and  danger,  recommends  a  different  method.  He  advises  2  that  the 
incision  be  made  in  the  median  line,  as  in  tracheotomy;  that  the  sternohyoid 
muscles  be  separated  ;  and  the  isthmus  of  the  thyroid  body  be  divided  between  two 
ligatures  tied  round  it ;  and,  finally,  that  the  left  lobe  of  the  thyroid  body  be  turned 
over,  and  the  oesophagus  sought  and  opened  behind,  and  to  the  left  of  the  trachea. 
This  method  would  certainly  appear  to  be  much  more  difficult,  if  not  more  hazardous, 
than  the  lateral  method,  and  also  must  be  more  liable  to  endanger  the  recurrent 
laryngeal  nerve.  It  is  worthy  of  note  that  this  nerve,  as  a  rule,  has  escaped  serious 
injury.  In  one  of  Mr.  Cock's  cases,  however,  the  patient  before  the  operation  had  an 
excellent  tenor  voice  :  afterwards,  he  could  only  sing  bass. 

1  Berliner  Klinische  Wockensck.  Dec.  1877.  Translated  Lond.  Med.  Record,  March 
1878.  In  the  Deutsche  Chirurgie,  Billroth  und  Luecke,  Lieferung  35,  by  Prof.  Koenig,  is  an 
excellent  chapter  on  CEsophagotomy,  in  which  most  of  the  published  cases  are  tabulated. 

2  Elements  de  Pathologie  Chirurgiccde,  t.  hi.  p.  407. 
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The  accompanying  woodcuts  (figs.  124,  125)  represent  pretty  accurately  the 
tooth  plates  removed  by  rr-sophagotomy  by  Mr.  (lock.  They  serve  to  illustrate  the 
general  character  of  the  foreign  bodies  that  are  most  likely  to  render  this  operation 
necessary.    When  once  any  such  body  has  become  firmly  impacted  in  the  oesophagus, 

Fig.  124.— The  Tooth  Plate  and  Tooth  Fig.  125.— The  Tooth  Plate  extracted 

extracted  in  Mr.  Cock's  first  case  in  Mr.  Cock's  second  case, 

of  GEsophagotomy, 


all  attempts  to  remove  it  by  forceps  through  the  mouth  must  be  well  nigh  hopeless ; 
and  to  push  it  forcibly  onwards  must  be  extremely  dangerous.  On  the  other  hand, 
ample  experience  shows  that  the  early  performance  of  cesophagotomy  is  likely  to  be 
attended  by  the  most  perfect  success. 

(ESOPHAGOSTOMY. 

The  establishment  of  a  permanent  opening  through  the  neck  into  the  oesophagus 
for  the  conveyance  of  food  into  the  stomach  in  cases  of  stricture  or  obstruction  of 
the  upper  part  of  the  food  passage  has  been  repeatedly  suggested  and  advocated,  and, 
so  far  as  I  have  been  able  to  ascertain,  has  been  attempted  in  twenty-six  cases  at 
least.1  In  scarcely  any  of  these,  however,  have  the  results  been  at  all  satisfactory  or 
encouraging.  In  almost  all  death  ensued  in  a  few  hours  or  a  few  days.  Experience 
hitherto  has  confirmed  and  added  force  to  the  objections  to  this  operation  which  readily 
present  themselves  on  prospective  consideration  of  the  difficulties  and  dangers  likely  to 
be  encountered  at  one  period  or  another.  And  most  surgeons  at  present  will  probably 
agree  in  the  conclusion  of  Wienlechner  2  (after  an  experience  of  two  speedily  fatal 
cases  of  cesophagostomy)  that  resort  to  gastrostomy  is  preferable. 

The  operation  consists  in  reaching  and  opening  the  oesophagus  as  in  cesopha- 
gotomy, already  described,  and  in  then  keeping  patent  the  opening  made  by  sutures, 
and  a  tube  or  funnel  through  which  food  can  be  introduced.  It  is  very  important 
to  guard  against  escape  of  irritating  material  into  the  cellular  tissue.  The  risk  of 
setting  up  dangerous  cellular  inflammation  is  considerable. 

Injuries  of  the  Pharynx  and  CEsophagus  produced  by  Concentrated  Acids 
and  Caustic  Alkaline  Solutions. 

Concentrated  acids  and  caustic  alkaline  solutions  are  sometimes  swallowed  acci- 
dentally, and  sometimes  with  suicidal  intent.  The  effects  produced  vary  with  the 
nature,  quantity,  and  strength  of  the  fluid  swallowed,  and  also  to  some  extent  with 
the  amount  of  food,  &c,  in  the  stomach  at  the  time.  If  the  poison,  whether  acid  or 
alkaline,  is  very  concentrated,  and  taken  in  large  quantity,  more  or  less  complete 
destruction  of  the  mucous  membrane  of  the  pharynx,  oesophagus,  and  stomach 
commonly  results.  The  stomach  (especially  if  empty)  may  be  perforated,  and  the 
neighbouring  parts  seriously  implicated.  In  such  cases  death  usually  ensues  in  from 
eighteen  to  twenty-four  hours  or  less.  If  the  poison  is  more  diluted,  violent  inflam- 
mation of  the  mucous  membrane  of  the  fauces  and  oesophagus  is  excited.  Lymph  is 
effused  on  the  surface,  and  into  the  submucous  areolar  tissue.    Pain  and  difficulty 

1  See  Dublin  Journal,  May,  1845.  Journal  de  Chirurgie,  par  Malgaigne,  t.  iii.  1845,  p. 
371.  Bruns,  Deutsche  IUinik,  1865,  p.  37.  A  remarkable  case  quoted  at  length  in  the 
Sydenham  Society's  Year  Hook,  1866.  Willett,  St.  Barth.  Hosp.  Bepts.  vol.  iv.  1868,  p. 
204.  Koenig,  Op.  cit.  p.  122.  Peeves,  '  Report  of  Clinical  Society,'  Lancet,  Nov.  5,  1881 ; 
and  Brit.  Med.  Journ.  July  15,  1882.  Ogston,  Brit.  Med.  Journ.  March  12,  1881.  Mr. 
Holmes  has  performed  this  operation  quite  recently  and  appears  to  think  favourably  of  it 
(Med.  Times  and  Gaz.,  July  29,  1882). 

2  AUyemeine  Wiener  Med.  Zeitunff,  No.  42,  1879. 


EFFECTS  OF  MINERAL  ACIDS  SWALLOWED. 


795 


in  deglutition  result.  Ulceration  often  occurs,  and  is  followed  by  thickening  of  the 
walls  of  the  oesophagus,  and  constriction  of  its  calibre.  In  some  such  cases  slow 
recovery  takes  place  :  but  much  more  frequently  the  constriction  remains  permanent ; 
and  finally  the  obstruction  becomes  impassable,  and  the  patient  dies  of  starvation. 

When  one  of  the  concentrated  mineral  adds  is  swallowed,  the  patient  immediately 
suffers  violent  burning  pain  in  the  fauces,  oesophagus,  and  stomach.  The  mucous 
membrane  of  the  lips  and  mouth  is  excoriated  or  corroded,  and  appears  whitish  or 
yellowish  in  colour.  Sometimes  it  resembles  soaked  parchment.  In  one  instance 
(mentioned  by  Dr.  Taylor) 1  in  which  sulphuric  acid  had  been  taken,  '  the  appearance 
of  the  mouth  was  as  if  it  had  been  smeared  with  white  paint.'  Thick  ropy  mucous 
stuff,  consisting  of  saliva,  mucus,  and  corroded  membrane,  escapes  from  the  mouth. 
Retching  and  vomiting  come  on  almost  at  once,  and  continue  incessantly,  or  are 
easily  re-excited  by  attempts  to  swallow.2  Whatever  is  swallowed  is  immediately 
ejected.  The  vomited  matter  is  usually  more  or  less  viscid,  and  of  a  dark  coffee- 
ground  colour.  There  is  generally  great  difficulty  in  speaking  and  swallowing,  and 
sometimes  in  breathing,  from  swelling  of  the  mucous  membrane  of  the  fauces  and 
larynx.  The  countenance  becomes  more  or  less  livid,  the  skin  cold  and  clammy,  and 
the  pulse  quick,  small,  and  feeble,  or  almost  imperceptible.  There  is  usually  con- 
siderable thirst ,  the  bowels  are  constipated,  and  if  any  evacuations  take  place,  they 
are  commonly  either  of  a  dark  brown  or  leaden  colour,  but  in  some  instances  almost 
black  from  an  admixture  of  altered  blood.3  There  is  great  physical  anxiety  and 
distress  ;  but  the  intellectual  faculties,  as  a  rule,  remain  clear.  Exhaustion  advances 
speedily  ;  and  death  often  occurs  very  suddenly. 

After  death,  the  mucous  membrane  of  the  mouth  and  tongue  is  found  to  be 
whitish,  or  yellowish,  and  more  or  less  softened  and  corroded.  If  nitric  acid  has 
been  taken,  the  characteristic  yellow  staining  to  which  it  gives  rise  may  sometimes 
be  recognised.  The  mucous  membrane  of  the  pharynx  and  oesophagus  is  corroded, 
and  of  a  brownish  or  ash-grey  colour ;  sometimes  it  appears  blackish  and  charred  in 
spots  and  patches,  and  under  such  patches  effused  blood  is  found.  Cases,  however, 
have  been  met  with  in  which  the  mouth,  throat,  and  gullet  have  escaped  almost 
uninjured,4  The  stomach  is  sometimes  softened  and  perforated ;  but,  if  not,  it  is 
generally  collapsed  and  contracted.  Its  mucous  membrane  is  intensely  inflamed 
throughout  or  in  parts ;  and  is  often  covered  by  dark  brown  or  black  pitch-like  stuff, 
which  consists  of  mucus  and  altered  blood.  When  this  stuff  is  removed,  the 
mucous  membrane  may  be  seen  to  be  traversed  by  blackish  or  dark  crimson  lines  of 
inflammation.5 

If  the  patient  recovers  from  the  immediate  effects  of  the  injury,  he  is  still  liable 
to  suffer  from  various  more  or  less  remote  effects,  which  may  give  rise  to  prolonged 
suffering,  and  ultimately  prove  fatal.  Among  such  may  especially  be  mentioned 
ulceration  and  constriction  of  the  stomach,  with  permanent  impairment  of  its  func- 
tional power,  and  stricture  of  the  oesophagus. 

Dr.  Wilson0  lias  recorded  an  interesting  case,  in  which  death  resulted  from  the  effects  of 
sulphuric  acid  swallowed  forty-five  weeks  and  three  days  previously. 

Six  months  after  the  acid  was  swallowed  the  patient  ejected,  during  a  violent  fit  of 
coughing,  a  cylindrical  tube  eight  or  nine  inches  in  length.  The  chief  symptoms  which  sub- 
sequently occurred,  and  preceded  death,  were  great  difficulty  in  swallowing,  pain  extending 
from  the  pit  of  the  stomach  to  the  shoulders,  and  expectoration,  at  intervals  so  copious  that 
as  much  as  two  pints  of  frothy  mucus  were  discharged  in  the  course  of  twenty-four  hours. 

1  Medical  Jurisprudence,  by  A.  S.  Taylor,  M.D.,  1873,  vol.  i.  p.  210. 

2  'In  a  case  of  poisoning  by  sulphuric  acid,  reported  by  Dr.  Geohegan,  the  patient 
vomited  for  three  or  four  hours.  This  symptom  then  ceased,  and  did  not  recur,  although  the 
woman  did  not  die  until  thirty-four  hours  after  the  poison  had  been  swallowed.'  Taylor,  Op. 
cit.,  and  Medical  Gazette,  vol.  xlviii.  p.  328.  3  Taylor,  Op.  cit.  p.  210. 

4  See  cases  by  Dr.  Ogle,  Med.  Times  and  Gazette,  April  21,  1860.  Mr.  Dickinson,  Lancet, 
1853,  p.  502,  &c,  quoted  by  Taylor. 

5  For  numerous  illustrative  cases,  see  Taylor,  Med.  Jurisprudence;  Taylor  On  Poisons; 
Guy's  Hosp.  Eepts.  Series  i.  vol.  iv.  p.  10,  p.  297  ;  Series  ii.  vol.  iv.  p.  316 ;  vol.  v.  p.  167 ; 
vol.  vii.  p.  211  ;  Series  hi.  vol.  v.  p.  134.  Casper's  Forensic  Medicine  (Sydenham  Society 
Translation),  vol.  ii.  p.  75.  6  Med.-GJdr.  Trans,  vol.  xxi. 
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When  a  strong  alkaline  solution  is  swallowed,  the  patient  experiences  an  acrid 
caustic  taste,  followed  by  a  sensation  of  burning  heat  extending  from  the  throat  to 
the  stomach.  Vomiting  sometimes  occurs,  but  not  always.  The  ejected  matters 
are  generally  of  a  dark  brown  colour,  and  mixed  with  blood  and  shreds  of  membrane. 
The  surface  becomes  cold  and  clammy,  and  the  pulse  quick  and  feeble.  But  in  some 
cases  intense  heat  of  skin  has  been  noticed.1  There  is  often  more  or  less  purging, 
and  colicky  pain  in  the  abdomen.  '  In  the  course  of  a  short  time,  the  lips,  tongue, 
and  throat  become  swollen,  soft,  and  red.'  2  Death  may  occur  within  a  few  hours ; 
or  the  immediate  effects  of  the  injury  may  be  recovered  from. 

The  post  mortem  appearances  ordinarily  found  in  cases  in  which  death  has 
speedily  resulted  are  as  follows.  The  mucous  membrane  of  the  mouth,  pharynx, 
and  gullet  presents  more  or  less  manifest  indications  of  the  local  action  of  the 
caustic.  Sometimes  it  is  inflamed  ;  and  patches  of  a  dark  chocolate  or  blackish 
colour  are  seen  :  sometimes  it  is  softened,  and  detached.  The  mucous  membrane  of 
the  stomach  is  partially  inflamed,  and  may  be  eroded  in  places ;  or  it  may  be 
puckered  and  blackened. 

In  the  case  of  a  child,  a  year  and  a  half  old,  who  died  in  Guy's  Hospital  twelve  hours 
after  having  swallowed  a  mouthful  of  soap  lees,  the  following  appearances  were  found.3 
'  The  mouth  and  tongue  were  slightly  excoriated  and  of  a  light  brown  colour.  The  mucous 
membrane  of  the  fauces,  tonsils,  and  pharynx  had  a  slightly  swollen  appearance,  and  was 
of  a  similar  yellowish  brown  hue.  The  whole  of  the  oesophagus  was  in  a  somewhat  similar 
condition,  the  mucous  membrane  having  a  brownish  colour,  particularly  along  the  ruga?. 
The  membrane  was  changed  in  character  by  the  alkali,  but  nowhere  destroyed.  The  greatest 
pernicious  effect  had  been  produced  at  the  very  extremity  of  the  oesophagus,  where  the 
interior  was  of  a  dark  brown  colour ;  this  terminated  at  a  definite  line,  the  mucous  mem- 
brane of  the  stomach  immediately  below  being  quite  unaffected.  .  .  .  Near  the  pyloric  end 
of  the  stomach  there  were  a  few  rugae  of  a  very  dark  brown  colour,  produced,  no  doubt,  by 
the  action  of  the  alkali.  The  mucous  membrane  thus  altered  was  not  at  all  soft ;  nor  could 
it  be  stripped  off,  but  on  the  contrary  was  hard  and  had  a  horny  feel  ....  The  larynx  was 
almost  closed  above  by  the  greatly  swollen  epiglottis.  Upon  raising  the  epiglottis,  and 
looking  into  the  larynx,  the  passage  was  seen  to  be  quite  free,  the  vocal  cords  not  having 
been  touched.' 

The  following  case,  recorded  by  Dr.  Barclay,4  furnishes  a  good  illustration  of  the  after 
effects  that  may  result  from  swallowing  a  strong  alkaline  solution. 

A  woman,  aged  44,  was  admitted  into  St.  George's  Hospital  on  May  2,  1853,  about  six 
hours  and  a  half  after  having  swallowed  a  quantity  of  '  American  potash  ' — probably  a 
saturated  solution  of  carbonate  of  potash.  She  had  vomited  directly  after  taking  it.  The 
mouth  and  fauces  were  much  corroded. 

On  introducing  the  tube  of  the  stomach-pump  some  threads  of  softened  mucous  membrane 
clung  to  it.  There  was  great  pain  in  the  fauces,  oesophagus,  and  at  the  epigastrium,  but  no 
tenderness  on  pressure.  There  was  a  little  vomiting  two  days  after  admission.  Deglutition 
was  difficult  ;  and  pain  was  felt  after  the  passage  of  food  into  the  stomach.  At  the  beginning 
of  June  there  was  frequent  vomiting,  pain  in  the  abdomen,  tenderness  on  pressure,  and  con- 
stipation. After  a  time  nothing  could  be  retained  in  the  stomach  ;  food  and  medicine  caused 
much  pain,  and  were  soon  rejected.  The  patient,  during  a  short  period  before  death,  was 
sustained  by  nutritive  enemata.  She  died  of  inanition,  July  8,  about  two  months  after  having 
taken  the  alkali.  On  inspection,  there  were  found  at  the  upper  part  of  the  oesophagus, 
opposite  the  cricoid  cartilage,  three  dense  cicatrised  bands,  apparently  the  results  of  pre- 
vious ulceration.  The  lower  part  of  the  oesophagus  was  much  contracted,  the  lining  mem- 
brane being  entirely  destroyed,  and  the  muscular  coat  exposed.  The  external  coats  were 
much  thickened.  The  cardiac  orifice  of  the  stomach,  where  the  ulceration  ceased,  was  so 
much  contracted  as  hardly  to  admit  a  director.  At  the  pyloric  end  the  mucous  lining  pre- 
sented a  large  and  dense  cicatrix,  which  obstructed  all  communication  with  the  duodenum, 
excepting  through  an  orifice  no  larger  than  would  admit  a  probe.  The  intervening  portion 
of  the  stomach  was  healthy — as  were  also  the  small  and  large  intestines. 

Dr.  Basham  5  has  recorded  a  case  in  which  the  fatal  result  was  still  more  remote.  The 
patient  accidentally  swallowed  some  soap  lees.  The  first  symptoms  of  irritation  and  inflam- 
mation subsided.  Within  a  few  weeks  there  was  some  slight  difficulty  in  swallowing  ;  but 
it  was  not  until  eleven  months  afterwards  that  the  dysphagia  became,  very  severe.  Death 


1  This  symptom  was  especially  observed  in  the  case  of  the  child  whose  symptoms  are 
detailed  in  the  text.    See  Guy's  Hosp.  Repts.  3rd  Series,  vol.  v.  p.  133. 

2  Taylor,  Op.  cit.  p.  181.  :;  Guy's  Hosp.  Repts.  3rd  Series,  vol.  v.  p.  133. 
1  Med.  Time*  and  Gazette,  1853,  p.  554. 

5  Lancet,  March  2,  1850.  Med.-Chir.  Trans,  vol.  xxxiii.  In  this  paper  short  records 
are  quoted  of  cases  under  Sir  C.  Bell,  Mr.  Cumin,  and  Mr.  Dewar. 
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did  not  occur  until  two  years  and  three  months  after  the  accident.  There  was  very  tij^ht 
stricture  of  the  oesophagus.    The  stomach  was  unaffected. 

Strong  solutions  of  ammonia,  when  swallowed,  produce  effects  very  similar  to 
those  caused  by  solutions  of  potash  and  soda ;  but  the  sense  of  heat  and  the  burning 
pain  are  more  intense  in  the  former  than  in  the  latter  case.  Ammoniacal  solutions, 
furthermore,  are  especially  liable,  from  the  volatility  of  the  gas,  to  affect  the  respira- 
tory organs.  In  some  cases  it  may  be  difficult  to  decide  -whether  death  has  resulted 
from  suffocation,  from  shock,  or  from  the  immediate  effects  of  damage  to  the  mucous 
membrane  of  the  alimentary  canal. 

Christison  refers  to  a  case  in  which  a  strong  dose  of  solution  of  ammonia  caused  death  by 
suffocation  in  four  minutes.  In  another  instance  a  man  suddenly  swallowed  a  drachm  and  a 
half  of  liquor  ammoniac.  He  fell  instantly  to  the  ground,  and  soon  died,  after  suffering  the  most 
excruciating  pain.1  In  a  case  that  came  under  the  observation  of  Mr.  Hilton,-  a  gentleman 
swallowed  a  quantity  of  strong  solution  of  ammonia  in  mistake  for  sal  volatile.  The  mucous 
membrane  of  the  mouth  and  throat  was  corroded  and  dissolved.  The  difficulty  of  breathing 
was  very  great.  Death  occurred  on  the  third  day.  On  post-mortem  examination  the  mucous 
membrane  of  the  gullet  was  found  to  be  softened,  and  at  the  lower  part  near  the  junction 
with  the  stomach  was  completely  dissolved  and  destroyed.  There  was  an  aperture  in  the 
anterior  wall  of  the  st  omach  through  which  the  contents  had  escaped.  The  mucous  mem- 
brane presented  a  blackened  and  congested  appearance,  resembling  that  produced  by  sulphuric 
or  oxalic  acid.  The  immediate  cause  of  death  was  believed  to  have  been  obstruction  of  the 
air  tubes  resulting  from  inflammation.  '  The  lining  membrane  of  the  air  passages  was 
softened  and  covered  with  layers  of  false  membrane,  and  the  larger  bronchi  were  completely 
obstructed  by  casts.' 

The  following  case  illustrates  the  more  remote  effects  of  swallowing  a  strong  ammoniacal 
solution. 

A  female,  aged  19,  was  admitted  into  St.  George's  Hospital  on  September  2,  1853,  who, 
eight  weeks  previously,  while  in  an  unconscious  state,  had  been  made  to  swallow  a  quantity 
of  hartshorn.  She  immediately  felt  severe  pain  in  the  stomach,  and  in  an  hour  or  two 
became  sick  and  vomited  some  blood.  Hsematemesis  continued  during  three  days.  From 
the  first  there  was  great  irritability  of  stomach,  and  constant  rejection  of  food.  The  bowels 
were  constipated.  There  was  great  emaciation  and  loss  of  strength.  Death  from  starvation 
occurred  three  months  after  the  poison  was  swallowed.  On  inspection,  the  oesophagus  was 
found  to  be  healthy,  excepting  at  the  cardiac  orifice,  which  was  slightly  contracted.  On  the 
posterior  wall  of  the  stomach  was  a  dense  cicatrix  of  the  size  of  half-a-crown,  and  from  its 
margins  fibrous  bands  diverged  in  various  directions.  The  pyloric  orifice  was  contracted  to 
the  size  of  a  crowquill.    The  other  parts  of  the  intestinal  canal  were  healthy. 

Treatment.— The  poison,  whether  acid  or  alkaline,  should  be  neutralised,  and  its 
immediate  effects  obviated,  as  speedily  and  as  completely  as  possible,  by  aid  of  the 
stomach-pump.  A  large  quantity  of  water,  or  other  diluent,  as  milk,  thin  gruel  or 
barley-water,  should  be  introduced  into  the  stomach,  and  then  pumped  out.  If  acid 
has  been  taken,  carbonate  of  soda,  or  magnesia,  should  be  mixed  with  the  diluent  in 
considerable  proportion.  Chalk  and  whiting,  or  the  scrapings  from  a  whitewashed 
wall  or  ceiling,  are  materials  commonly  at  hand ;  and  in  many  cases  they  are  very 
appropriate.  But,  if  sulphuric  acid  has  been  taken,  it  must  be  recollected  that  lime 
compounds  will  form  sulphate  of  lime,  which  from  its  rapid  absorption  of  water  may 
give  rise  to  some  difficulty,  unless  a  large  quantity  of  diluent  is  used,  and  the  pump- 
ing out  is  rapidly  accomplished.  In  some  instances  a  solution  of  soap  has  been 
advantageously  used.  If  alkali  has  been  taken,  vinegar  or  some  other  vegetable 
acid,  if  at  hand,  should  be  mixed  with  the  diluent ;  or  oil  may  be  administered. 

In  many  cases  stains  about  the  mouth,  or  on  the  clothes,  indicate  the  nature  of 
the  poison  that  has  been  taken.  Sometimes  the  patient  is  able  and  willing  to  give 
information.  But,  if  neither  indication  nor  information  is  afforded,  it  is  better  to 
introduce  the  diluent  at  once,  and  to  ascertain,  by  pumping  out  some  of  the  contents 
of  the  stomach,  what  neutralising  agent  is  required.  The  whole  length  of  the 
oesophagus  should  be  carefully  washed. 

When  the  stomach  has  been  completely  cleared  of  the  poison,  means  should  be 
adopted  to  allay  the  sufferings  of  the  patient,  and  to  prevent  as  far  as  possible  the 

1  Journal  de  Chimie  Medicale,  1845,  p.  531. 

2  Described  in  detail  by  Taylor,  Op.  cit.  p.  234, 
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Fig.  126. 


supervention  of  dangerous  inflammation.  Opinio  may  be  administered  in  the  form 
of  suppository ;  or  morphia  may  be  given  subcutaneously.  Hot  anodyne  and 
counter  irritant  fomentations  may  be  applied  over  the  stomach  ;  and, 
somewhat  later,  leeches  may  be  of  service.  Food  should  be  given 
very  spai'ingly,  or  not  at  all,  for  some  short  time.  The  more  per- 
fectly at  rest  the  injured  parts  are  kept  the  better.  Demulcent 
drinks,  as  milk,  barley-water,  &c,  may  be  supplied  to  allay  the 
thirst  so  often  experienced.  Nutrient  enemata,  with  opium,  may  be 
advantageously  given. 

When  the  first  inflammatory  symptoms  have  subsided,  an  oeso- 
phageal bougie  should  be  passed,  even  before  symptoms  of  dysphagia 
appear.  The  use  of  the  bougie  should  be  continued  daily  during  a 
considerable  period.  If  the  quantity  and  strength  of  the  poison 
swallowed,  and  the  symptoms  that  have  arisen,  render  it  probable 
that  the  oesophagus  has  been  severely  injured,  it  is  desirable  to  pass 
the  bougie  at  intervals,  long  after  there  is  any  apparent  necessity. 
In  such  cases  experience  shows  that  stricture  of  the  oesophagus  is 
almost  certain  to  occur  sooner  or  later,  however  slowly  and  insi- 
diously it  may  come  on. 

If  the  occurrence  of  stricture  has  not  been  prevented,  it  is  of  the 
greatest  import-nice  to  recognise  its  existence  at  the  earliest  possible 
period,  and  to  adopt  proper  treatment  without  delay. 

If  recognised  early,  strictures  of  the  oesophagus  resulting  from 
the  injuries  under  discussion  may  generally  be  dilated  by  the  passage 
of  bougies.  The  bougie  should  be  shortly  conical  at  the  extremity. 
It  should  be  passed  with  caution  into  the  stricture,  and  retained 
there  for  ten  minutes  or  a  quai'ter  of  an  hour  at  a  time,  or  even 
longer  if  it  can  be  borne.  Or  a  small  cylindrical  bougie  may  be 
passed,  if  possible,  through  the  stricture,  and  similarly  retained. 
The  introduction  of  the  bougie  must  be  repeated  daily.  The  best 
form  of  bougie,  I  believe,  is  that  represented  in  fig.  126.1 

In  some  cases,  however,  it  may  be  better  to  pass  an  oesophageal 
tube,  through  which  the  patient  may  be  fed,  and  fasten  it  in.  My 
own  experience  fully  confirms  that  of  Krishaber,2  that  the  oesophagus 
is  very  tolerant  of  the  presence  of  a  soft  tube.  And  the  advantages 
of  the  retention  of  the  tube  when  practicable  are  very  obvious,  both 
in  continuously  promoting  the  dilatation  of  the  stricture,  and  at  the 
same  time  in  ensuring  the  easy  conveyance  of  nourishment  into  the 
stomach. 


Great  perseverance  and  patience  are  requisite.  Mr.  Cumin 3  records  a  case  in  which 
stricture  of  the  (esophagus  resulted  from  the  effects  of  '  American  potash,'  swallowed  by  mis- 
take. The  passage  of  bougies  ultimately  proved  very  successful.  But  unremitting  attention 
■was  rerpiisite  during  ten  months  befere  normal  deglutition  was  restored.  Mr.  Hutchinson4 
relates  a  case  under  the  care  of  himself  and  Mr.  Mead  of  Hackney,  in  which  a  satisfactory, 
though  perbaps  less  completely  successful,  result  was  obtained  in  a  much  shorter  time.  The 
patient  had  accidentally  swallowed  some  caustic  potash  three  months  previously.  The 
symptoms  of  contracting  stricture  of  the  oesophagus  steadily  developed  themselves.  When 
seen  by  Mr.  Hutchinson,  the  patient  seemed  rapidly  sinking.  .She  had  swallowed  nothing 
for  several  days.  Attempts  were  made  to  pass  bougies  of  various  sizes,  under  chloroform. 
The  upper  of  two  strictures  which  existed  was  passed  by  a  large  bougie  ;  but  a  No.  8  catheter 
would  not  even  enter  the  lower  one.  The  next  day,  however,  the  patient  was  able  to  swallow 
a  little  fluid  nourishment.  Ten  days  later  the  end  of  a  No.  6  urethral  bougie  was  passed  well 
into  the  stricture,  but  not  through  it.  During  the  week  following  food  was  taken  fairly,  and 
the  patient  improved  in  condition.  The  improvement  continued.  A  year  subsequently  the 
stricture  still  existed,  and  solids  could  only  be  swallowed  when  carefully  minced  ;  but  the 


1  Made  tor  me  by  Messrs.  Krohne  and  Sesemanu  and  Mr.  Hawksley. 

2  Transactions  intermit.  Med.  Congress,  1881,  vol.  i.  p.  392. 
:|  See  Dr.  Basham's  paper,  Med.-ihir.  Trans,  vol.  xxxiii. 

4  London  Hospital  Reports,  vol.  iv.  p.  56. 
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patient  was  in  better  health  than  she  had  been  for  years.  Two  years  subsequently  the 
patient  was  still  in  excellent  health,  and  able  to  swallow  fluids  or  minced  meat. 

Seven  cases  have  come  under  my  own  care  in  each  of  which  the  patient  was 
reduced  to  the  verge  of  starvation  in  consequence  of  stricture  of  the  oesophagus 
following  the  swallowing  of  some  caustic  fluid.  In  all  of  these  the  most  satisfactory 
results  followed  gradual  dilatation  by  means  of  bougies. 

Such  cases  may  well  serve  to  encourage  the  surgeon  in  the  persevering  use  of 
bougies. 

Gastrostomy. 

It  sometimes  happens,  either  in  consequence  of  the  age  or  condition  of  the  patient, 
or  of  the  nature,  extent,  or  impermeability  of  the  stricture,  that  all  attempts  at  dila- 
tation by  bougies  are  in  vain,  and  further  perseverance  is  interdicted  by  the  suffering 
and  risk  involved.  In  such  a  case  swallowing  becomes  more  and  more  difficult, 
until  at  last  it  is  altogether  impossible,  and  the  patient  must  inevitably  die  of 
starvation,  unless  an  artificial  way  into  the  stomach  can  be  established. 

Now  it  has  been  abundantly  proved  by  operations  for  the  removal  of  foreign 
bodies  that  the  stomach  may  be  opened  with  comparative  impunity.1  Numerous 
cases  are  on  record  in  which  wounds  implicating  the  stomach  have  been  followed  by 
permanent  fistulas.  And  further,  no  difficulty  has  been  experienced  in  establishing 
fistulous  openings  into  the  stomachs  of  healthy  animals  for  purposes  of  physiological 
research.  The  consideration  of  these  and  such  like  facts  suggested,  and  seemed  to 
justify,  the  attempt  to  make  a  new  and  direct  way  into  the  stomach  in  any  other- 
wise favourable  case  in  which  the  oesophagus  had  become,  or  was  in  certain  danger 
of  becoming,  absolutely  and  permanently  obstructed,  whether  by  the  effects  of  injury 
or  as  the  result  of  disease. 

Sedillot  of  Strasburg  appears  to  have  been  the  first  to  make  the  attempt.2  In 
1849  he  performed  the  operation  of  gastrostomy  (or,  as  he  terms  it,  gastro^stomie) 
in  the  case  of  a  man,  52  years  of  age,  suffering  from  epithelial  cancer  of  the  oeso- 
phagus. The  patient  died  from  exhaustion  fifteen  hours  after  the  operation.  In 
1853  Sedillot  operated  in  a  second  case,  also  of  cancer.  In  this  case  he  postponed 
making  the  opening  into  the  stomach  until  it  had  become  united  to  the  parietes. 
The  patient  survived  ten  days,  and  then  died  of  exhaustion  and  peritonitis.3  Some 
years  later,  but  without  any  knowledge  of  Sedillot's  attempts,  on  the  suggestion  of 
Dr.  Habershon,  Mr.  Cooper  Forster  performed  the  operation  for  the  first  time  in 
this  country.4 

About  a  year  subsequently  Mr.  Cooper  Forster  operated  in  a  second  case  which 
appears  especially  entitled  to  quotation,  inasmuch  as  it  was  the  first  case  in  which 
the  operation  was  performed  on  account  of  traumatic  stricture,  and  served  to  afford 
valuable  suggestions  and  indications  in  regard  to  future  proceedings. 

The  patient,  a  child  four  years  and  four  months  old,  was  admitted  into  Guy's  Hospital, 
under  the  care  of  Dr.  Addison,  on  February  2,  1859.  Seventeen  weeks  previously  he  had 
swallowed  some  corrosive  poison,  supposed  to  be  a  solution  of  potash.  Violent  vomiting 
immediately  occurred ;  and  two  or  three  teaspoonfuls  of  blood  were  brought  up.  Marked 
dysphagia  came  on,  and  gradually  increased  in  severity.  But  after  a  time  the  difficulty  of 
swallowing  again  increased.    On  March  12  he  was  very  much  exhausted,  and  seemed  to  be 


1  I  find  on  record  ten  cases  of  gastrotomy  in  all  of  which  except  one  the  foreign  bodies 
were  successfully  removed  and  the  patients  recovered.  The  one  fatal  case  was  that  of  Bille's 
referred  to  on  p.  792,  in  which  cesophagotomy  was  first  performed.  The  earlier  cases  are 
tabulated  in  the  former  edition  of  this  work,  the  other  two  more  recent  cases  are  Labbe's 
celebrated  case  of '  l'Homme  a,  la  Fourchette,'  brought  before  the  Academie  de  Medecine 
Paris,  April  1876  ;  and  Henry's  case,  in  which  a  fork  accidentally  swallowed  was  removed  two 
days  afterwards.    Diet.  Pro;/,  des  Sciences  Med.,  Gamier,  Paris,  1882. 

8  See  the  very  elaborate  and  interesting  chapter  on  the  subject  in  Sedillot's  Contributions 
a  la  Chirurgie,  1868,  vol.  ii. 

3  Gazette  des  Jiopitaux,  1853,  p.  164,  and  Op.  cit, 

4  Guifs  Hospital  Reports,  3rd  Series,  vol.  iv.  pp.  1-ly. 
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sinking  fast.  lie  bad  not  swallowed  anything  for  two  days.  The  next  day  gastrostomy  was 
performed,  under  chloroform.  Food  was  administered  at  frequent  intervals  through  a  tube 
passed  into  the  stomach  through  the  opening.  The  child  seemed  very  comfortable,  and 
enjoyed  being  fed.  On  the  morning  of  the  fourth  day  after  the  operation  he  suddenly  com- 
plained of  great  pa.in  over  the  abdomen :  he  became  collapsed  and  cold,  the  eyes  were  sunken 
and  the  pulse  was  almost  imperceptible.  He  quickly  sank  into  a  comatose  state,  and  died. 
On  post-mortem  examination,  it  was  found  that  a  large  part  of  the  oesophagus  had  been 
affected.  The  middle  two-fourths  were  constricted  by  thickening  and  induration  of  the 
submucous  tissue ;  and  a  small  sloughy  spot  existed  at  the  commencement  of  the  strictured 
part  of  the  tube.  The  wound  in  the  abdominal  parietes  bad  begun  to  slough,  and  the  stitches 
were  loosened.  Ilecent  general  peritonitis  had  resulted  from  escape  of  some  of  the  coulents 
of  the  stomach  into  the  cavity.  The  mucous  membrane  of  the  stomach  was  healthy,  but  was 
dark  in  colour  round  the  opening.1 

When  the  former  edition  of  this  article  was  in  preparation,  gastrostomy  on 
account  of  stricture  of  the  oesophagus  had  been  performed  in  only  nine  cases,  viz.  in 
Sedillot's  two  cases  and  in  Forster's  two  cases  (above  mentioned),  and  in  two  cases 
by  Sydney  Jones,2  and  in  one  case  each  by  Fenger,3  Curling,4  and  myself.5  In  all  of 
these  the  issue  wms  speedily  fatal.  One  of  Sydney  Jones's  patients  survived  until  the 
thirteenth  day,  and  one  of  Sedillot's  until  the  tenth  day  :  the  others  died  within 
periods  measurable  by  hours.  In  spite,  however,  of  the  ill  success  of  these  earlier 
attempts,  the  operation  has  been  repeated  from  time  to  time,  and  having  been 
practised  under  comparatively  favourable  conditions,  and  by  improved  methods,  it 
has  been  attended  by  much  more  encouraging  results.  Recently  it  would  appear  to 
have  been  growing  in  favour  :  at  any  rate,  it  may  now  be  regarded  as  an  established 
operation  in  surgery. 

Up  to  the  present  time  I  have  obtained  more  or  less  complete  details  of  63  cases 
in  which  gastrostomy  has  been  rjerformed.  Of  these,  50  have  been  cases  of  obstruc- 
tion from  cancerous  disease,  1 1  have  been  cases  of  traumatic  stricture ;  1  was  a 
case  of  syphilitic  stricture,  and  1  a  case  of  '  sloughing '  of  the  oesophagus  frorn  some 
cause  not  clearly  made  out. 

Out  of  the  50  cancerous  cases,  in  25  death  occurred  within  a  week,  and  in  15  of 
these  within  forty-eight  hours.  In  24  life  was  prolonged  beyond  a  week,  in  10  of 
these  more  than  a  month ;  in  5  of  the  10  three  months  or  longer,  in  3  of  the  5  four 
months  or  longer,  and  in  1  the  patient  is  still  alive  now,  nearly  six  months  after  the 
operation.6    The  result  in  the  remaining  case  is  unascertained. 

Out  of  the  1 1  traumatic  cases,  in  1  death  occurred  on  the  fourth  day,7  from  peri- 
tonitis, and  in  1  on  the  28th  day  from  '  exhaustion.'  All  the  other  cases  appear  to 
have  done  well. 

The  results  were  very  satisfactory,  and  serve  to  establish  the  value,  as  well  as  to 
illustrate  the  comparative  safety,  of  the  operation.  In  several  cases  the  power  of 
swallowing  was  regained  to  greater  or  less  extent,  and  in  one  the  gastric  fistula  was 
closed  by  operation.8 

In  the  one  syphilitic  case,  under  the  care  of  Mr.  Davies-Colley,  in  Guy's  Hospital, 
the  patient  recovered  perfectly,  and  her  power  of  swallowing  having  been  restored, 
the  fistula  was  closed  by  operation  about  nine  months  after  it  had  been  established. 

In  the  one  case  of  '  sloughing '  of  the  oesophagus,  the  patient  died  on  the  fourth 
day. 

The  cause  of  death  in  a  very  large  proportion  of  the  quickly  fatal  cases  was 
shock  or  exhaustion.  In  most  of  these  the  operation  was  performed  when  the 
patient  was  almost  in  extremis,  and  too  late  to  afford  a  fair  chance  of  success.  In 
very  few  did  death  occur  from  peritonitis.  In  the  less  speedily  fatal  cases  broncho- 
pneumonia was  the  common  cause  of  death.    In  some  the  patients  sank  from  in- 

1  Guy's  Hospital  Reports,  3rd  Series,  vol.  v.  p.  1  et  seq. 

2  Trans.  Path.  Soc.  vol.  xi.  p.  101  and  Lancet,  vol.  ii.  1866,  p.  665. 

3  Arch.  f.  Path.  Anut.  und  Physioloy.  B.  vi.  p.  350,  1854. 

4  London  Hospital  Reports,  vol.  iii.  p.  218. 

5  Guys  Hospital  Reports,  3rd  Series,  vol.  xiv.  p.  105. 

6  One  of  Bryant's  cases.    Lancet,  May  6,  1882.         7  Forster's  case,  above  quoted. 
8  A  case  in  Guy's  Hospital,  under  the  care  of  Messrs.  Howse  and  Jacobson. 
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anition,  apparently  from  lack  of  power  to  digest  and  assimilate  the  food  introduced 
into  the  stomach — a  strong  argument  against  delay  in  performing  the  operation. 

In  many  of  these  fatal  cases,  although  no  permanent  good  was  done,  and  life  was 
probably  not  materially  prolonged,  there  can  be  no  room  for  question  but  that  a 
certain  amount  of  comfort  and  relief  during  the  remaining  days  or  hours  was 
afforded. 

The  first  thoroughly  successful  case  of  gastrostomy  was  that  in  which  Verneuil 1 
performed  the  operation  in  1876  on  account  of  stricture  of  the  oesophagus  from  the 
effects  of  caustic  potash  accidentally  swallowed  by  a  young  man.  Previous  to  this 
there  had  been  at  least  sixteen  operations,  in  all  of  which  death  had  more  or  less 
speedily  ensued.  The  subsequent  cases  show  progressively  encouraging  results,  due 
doubtless  to  the  more  favourable  conditions  under  which  the  operation  has  been 
undertaken,  and  the  earlier  periods  at  which  it  has  been  performed,  as  well  as  to  the 
improved  methods  that  have  been  adopted,  and  to  the  especial  antiseptic  or  other 
precautions  that  have  been  observed. 

Methods  of  operation. — The  methods  adopted  by  different  surgeons,  as  well  as  by 
the  same  surgeons  in  different  cases,  have  varied  considerably  in  detail.  As  the 
result  of  my  own  experience  and  observation,  and  careful  consideration  of  all  the 
cases  I  have  been  able  to  find  on  record,  I  venture  to  recommend  the  following  as 
being,  in  my  judgment,  the  best  method  yet  devised.  It  corresponds  with  that 
worked  out,  advocated,  and  successfully  practised  by  my  colleague,  Mr.  Howse.  Its 
essential  features  are: — 1st.  The  division  of  the  operation  into  two  stages;2  2nd. 
The  attachment  of  the  stomach  to  the  abdominal  wall  by  a  double  ring  of  sutures ;  3 
3rd.  The  opening  of  the  stomach  by  a  very  small  incision— a  point  especially  insisted 
upon  by  Dr.  Trendelenburg  4  and  Mr.  Bryant.5 

Chloroform  or  some  other  anaesthetic  should,  as  a  rule,  be  administered.  Experi- 
ence has  shown  that  there  is  comparatively  little  risk  of  troublesome  vomiting  in 
these  cases.  All  due  '  antiseptic  precautions '  should  be  taken ;  but  if,  with  the 
view  of  purifying  the  surrounding  atmosphere,  the  carbolic  spray  is  used,  its  entrance 
into  the  peritoneal  cavity  must  be  guarded  against  during  the  progress  of  the 
operation. 

The  patient  should  lie  flat  on  his  back,  and  should  be  kept  perfectly  still.  The 
surgeon  will  probably  find  it  the  more  convenient  to  stand  on  the  left  side  of  the 
patient. 

A  curved  incision  is  first  made  through  the  skin  and  superficial  fascia,  parallel 
with  and  about  a  finger's  breadth  below  the  lower  margin  of  the  chest  wall  on  the 
left  side.  This  incision  should  extend  downwards  and  outwards  from  a  point  just 
below  and  somewhat  to  the  left  of  the  extremity  of  the  xiphoid  cartilage,  for 
a  distance  of  three  inches  or  more,  the  convexity  of  its  curve,  of  course,  looking 
downward  and  inwards.  The  aponeurotic  structures  and  the  muscles,  so  far 
as  may  seem  needful,  are  next  divided,  one  after  another,  but  to  somewhat  less 
extent  than  that  of  the  skin  wound.  All  bleeding  having  been  arrested,  the  peri- 
tonaeum is  opened  at  a  spot  corresponding  to  the  linea  semilunaris,  or  rather  to  the 
left  of  it,  and  the  stomach  is  sought  for.  As  a  rule,  it  is  at  once  brought  into  view, 
and  may  be  readily  recognised.  Sometimes,  however,  it  is  overlapped  by  the  left 
lobe  of  the  liver,  behind  and  below  which  it  may  be  found.  Sometimes  the  great 
omentum  is  seen  lying  in  front  of  the  intestines ;  in  such  case  gentle  downward 
traction  upon  the  omentum,  and  an  upward  extension  of  the  wound,  may  be  requisite. 

The  anterior  wall  of  the  stomach,  having  been  recognised,  is  seized,  drawn  well 
forwards  into  the  wound,  and  held  by  the  finger  and  thumb,  by  clawed  forceps,  or 
by  a  couple  of  loops  of  ligature  silk  passed  through  the  peritoneal  and  muscular  coats 
only.  The  stomach  is  next  attached  to  the  abdominal  wall  by  an  outer  ring  of 
seven  or  eight  sutures,  the  object  of  which  is  to  keep  the  two  peritoneal  surfaces 

1  Brought  before  the  Academie  de  Medicine,  Paris,  in  Oct.  1876. 

2  This  was  done  by  Sedillot  in  his  second  case.    Gazette  des  Hopitaux,  1853,  p.  164. 

3  Verneuil  appears  to  have  used  acupressure  needles  with  similar  view. 

4  London  Medical  Record,  March  15,  1875.  Lancet,  May  6,  1882. 
Vol.  I.                                      3  F 
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broadly  in  contact.  This  outer  ring  of  sutures  is  made  three-quarters  of  an  inch  or 
an  inch  external  to  the  margins  of  the  wound.  Each  suture,  carried  by  a  curved 
needle-in-handle,  is  passed  through  the  whole  thickness  of  the  abdominal  wall 
(peritonajum  included),  then  looped  longitudinally  through  the  peritoneal  and 
muscular  coats  of  the  stomach,  then  brought  out  again  through  the  abdominal  wall, 
and,  lastly,  tied  externally  over  a  button  or  portion  of  bougie.  Transverse  sutures 
may  be  applied,  if  needful,  to  bring  the  edges  of  the  wound  together,  so  as  to  limit  the 
extent  of  the  opening  left.  Lastly,  an  inner  ring  of  sutures  is  made  by  which  the 
portion  of  the  anterior  wall  of  the  stomach,  drawn  forwards,  is  firmly  and  closely 
attached  to  the  margins  of  the  wound.  These  sutures  are  made  to  traverse  the  whole 
thickness  of  the  stomach  wall,  and  to  fix  its  peritoneal  coat  to  the  skin.  For  the 
outer  ring  of  sutures  well  prepared  silk  is  best ;  for  the  inner  ring  silk  or  silver  wire, 
or  other  material,  may  be  used. 

The  portion  of  stomach  wall  thus  left  occupying  the  opening  should  be  about  an 
inch  or  more  across.  A  piece  of  lint  soaked  in  carbolised  oil,  or  other  material  that 
may  be  preferred,  is  laid  over  the  wound  and  exposed  portion  of  stomach,  and  appro- 
priate outer  dressings  and  bandages  are  applied  by  which  the  air  is  excluded,  and 
the  parts  are  supported  and  kept  as  far  as  possible  at  rest.  The  first  stage  of  opera- 
tion is  thus  completed. 

The  second  stage  of  the  operation  consists  in  making  an  opening  into  the 
stomach,  and  commencing  the  introduction  of  food  through  it.  The  opening  made 
should,  as  already  indicated,  be  very  small,  in  order  that  troublesome  escape  of  the 
contents  of  the  stomach  may  be  prevented  in  the  future.  Mr.  Bryant  recom- 
mends a  mere  puncture  with  a  tenotomy  knife.  The  elasticity  of  the  structures  is 
such  that  a  tube  of  sufficient  size  to  convey  nourishment  freely  into  the  stomach 
may  be  easily  passed  through  an  incision  less  than  a  quarter  of  an  inch  in  length. 
If  the  stomach  has  been  drawn  forward  by  loops  of  ligature  silk  in  the  first  stage, 
and  these  have  been  left,  they  serve  as  excellent  guides  in  opening  the  stomach  in  the 
second  stage  (Bryant).  The  opening  having  been  made,  a  tube  (gum-elastic  or  other) 
is  introduced,  and  nourishment  slowly  poured,  by  aid  of  an  attached  funnel,  into 
the  stomach.  The  tube  may  be  withdrawn  and  reintroduced  without  causing  pain, 
whenever  it  may  be  desirable  to  repeat  the  administration  of  nourishment ;  or  a  tube, 
with  a  shield  similar  to  a  short  tracheotomy  tube  of  vulcanite  or  india-rubber,  may 
be  fixed  in,  the  external  orifice  being  closed  by  a  plug  when  food  is  not  being  given. 

The  interval  allowed  to  elapse  between  the  first  and  second  stages  of  the  opera- 
tion must  be  determined  by  collateral  circuin stances,  and  especially  by  the  condition 
of  the  patient.  The  call  for  the  administration  of  food  or  stimulant  may  be  so 
urgent,  that  it  may  be  needful  to  proceed  to  the  second  stage  of  the  operation  imme- 
diately, or  within  a  few  hours,  after  the  conqfietion  of  the  first  stage.  But,  as  a 
general  rule,  if  the  operation  has  been  determined  upon  sufficiently  early,  and  the 
patient  is  not  too  far  gone,  four  or  five  days  may  be  safely  and  advantageously 
allowed  to  elapse  between  the  first  and  second  stages.  During  this  interval  the 
patient  must  be  nourished  as  well  as  possible  by  means  of  nutrient  enemata  and 
suppositories,  and  soothed  and  quieted  by  opium,  if  needful.  Ample  time  is  thus 
afforded  for  fair  union  to  take  place  between  the  peritoneal  surfaces  of  the  abdominal 
wall  and  stomach,  and  all  risk  of  extravasation  into  the  peritonaeum  is  avoided. 
Supposing  all  to  have  gone  well,  the  sutures  of  the  outer  ring  should  be  removed 
on  or  about  the  fourth  day,  the  dressings  meantime  having  been  allowed  to  remain 
undisturbed,  or  having  been  changed,  according  to  the  indications  afforded.  The 
sutures  of  the  inner  ring  should  be  allowed  to  remain  some  clays  longer,  and  removed 
only  when  it  is  clear  that  good  union  has  been  established,  unless,  of  course,  they  are 
causing  mischievous  irritation. 

Such  is  a  description  of  what  seems  to  me  the  best  and  safest  method  of  perform- 
ing the  operation  of  gastrostomy.  It  may,  I  think,  be  justly  designated  as  the 
'  Method  of  Howse.'  By  it  the  risks  of  giving  way  of  sutures,  separation  of  the 
stomach  from  the  parietes,  extravasation  into  the  peiitomeum,  Arc. — accidents  which 
in  various  cases  have  led  to  fatal  results — are  more  effectually  guarded  against  than 
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in  other  methods,  and  under  its  adoption  some  of  the  hitherto  most  successful  results 
have  been  attained. 

In  regard  to  other  methods  a  few  words  may  be  added.  Sedillot  and  Lowe  in 
their  operations  made  a  crucial  incision  through  the  rectus  muscle.  Most  of  the 
earlier  operators  (myself  among  the  number)  made  a  perpendicular  incision  over 
and  then  through  the  left  linea  semilunaris.  Such  incision  has  the  advantage 
of  permitting  upward  extension,  when,  as  is  often  the  case,  the  contracted  stomach 
lies  high  up  under  cover  of  the  chest  wall ;  but  it  has  the  disadvantage  of  not 
exposing  the  stomach  so  far  towards  its  cardiac  end  as  is  probably  best,  and  the 
opening  is  not  surrounded  by  any  muscular  fibres,  as  it  is  when  made  either  through 
the  border  of  the  rectus  or  between  the  fibres  of  the  external  oblique.  Theoretically, 
it  would  appear  better  that  the  opening  into  the  stomach  should  be  rather  towards 
the  cardiac  than  towards  the  pyloric  end,  and  about  midway  between  the  upper 
and  the  lower  borders  ;  and,  further,  there  may  be  an  advantage  in  having  the  perma- 
nent opening  surrounded  by  muscular  fibres,  by  the  contraction  of  which  it  may  be 
closed,  except  when  a  tube  is  introduced. 

Most  operators  have  opened  the  stomach  at  once  by  comparatively  large  incision, 
and  have  been  content  to  attach  the  margins  of  the  stomach  opening  to  the  edges  of 
the  wound  through  the  abdominal  wall,  by  sutures  or  otherwise.  It  must  be  ad- 
mitted that  in  many  cases  the  operation  has  been  performed  at  such  advanced  period 
that  the  almost  immediate  introduction  of  food  could  give  the  only  chance  of  pro- 
longation of  life.  But  in  almost  all  of  these  fatal  results  have  speedily  ensued.  In 
some  of  the  cases  in  which  the  patients  have  survived,  inconvenience  has  resulted 
from  the  escape  of  the  contents  of  the  stomach  through  the  large  opening  made  and 
maintained. 

In  a  very  successful  case  brought  before  the  International  Medical  Congress,  Mr. 
Reginald  Pye-Smith,  of  Sheffield,  adopted  an  ingenious  device  for  securing  coaptation 
of  the  stomach  to  the  abdominal  wall.  Having  opened  the  stomach,  he  introduced 
a  cylindrical  india-rubber  ring  (such  as  is  used  for  holding  together  the  ribs  of  a 
closed  umbrella)  into  the  stomach  through  the  opening  made,  and  placed  it  in  contact 
with  the  mucous  membrane  ;  he  next  twisted  wires  round  it  at  four  points  of  its  cir- 
cumference, and  then  fastened  these  wires  externally  over  a  piece  of  bougie  bent  in 
a  circle  round  the  wound  through  the  skin.1 

When  once  the  gastric  fistula  is  established,  the  feeding  of  the  patient  becomes  com- 
paratively easy.  Fluid,  or  semifluid,  or  well  pounded  nutriment  of  various  kinds  can 
be  poured,  or  injected,  or  pushed  in  through  the  tube,  permanently  retained,  or  better 
still  introduced  at  needful  intervals.  In  Trendelenburg's  case,2  the  patient,  a  boy 
suffering  from  cicatricial  stricture  of  the  oesophagus,  masticated  his  food,  spit  it  into 
a  funnel,  and  then  forced  it  on  through  an  elastic  tube  into  his  stomach.  In  such 
way  the  pleasures  of  the  palate  as  well  as  the  appetite  for  food  may  be  gratified. 

In  conclusion,  it  may  be  safely  asserted  that  the  operation  of  gastrostomy  stands 
at  the  present  time  in  different  position  to  that  which  it  occupied  when  the  former 
edition  of  this  work  was  published.  It  may  now  be  regarded  as  an  established 
operation  in  surgery.  It  has  been  proved  by  ample  experience  to  be  neither  so 
difficult,  nor,  in  itself,  so  dangerous  as  was  formerly  supposed  and  represented ;  and 
full  encouragement  is  offered  to  its  earlier  and  more  frequent  adoption.  It  cannot 
be  regarded  otherwise  than  as  an  opprobrium  of  surgery  that  hopeless  starvation 
should  be  accepted  as  the  inevitable  issue  of  simple  constriction  of  the  gullet. 

In  cases  of  cicatricial  stricture  of  the  oesophagus,  or  of  persistent  spasmodic  stric- 
ture, associated,  it  may  be,  with  some  small  hypersensitive  ulceration,  life  may  be 
indefinitely  prolonged  by  resort  to  gastrostomy ;  and,  further,  opportunity  may  be 
afforded  for  the  relief  or  cure  of  the  cause  of  obstruction. 

In  cases  of  cancerous  obstruction  also,  life  may  be  prolonged,  though  for  a  com- 
paratively short  period ;  but  during  such  period  the  pangs  of  thirst  and  hunger, 

1  Transactions  International  Medical  Congress,  1881,  vol.  ii.  p.  456.  This  cast  well 
deserves  notice. 

3  London  Medical  Record,  March  1878. 

3  f  2 


804 


INJURIES  OF  THE  NECK. 


and  the  horror  of  dying  of  slow  starvation,  may  be  assuredly  mitigated  by  this 
operation. 

I  venture,  however,  to  express  my  conviction  that,  in  the  near  future,  resort  to 
gastrostomy  will  in  most  cases  be  anticipated  and  rendered  unnecessary  by  the  early 
adof>tion  of  an  easier,  and  to  the  patient  more  readily  acceptable,  mode  of  treatment. 
Tn  all,  or  almost  all,  cases  of  stricture  or  obstruction  of  the  oesophagus  there  is  a 
period,  before  gastrostomy  could  be  deemed  advisable,  during  which  a  flexible  tube 
can  be  passed  through  the  mouth  with  more  or  less  ease  into  the  stomach,  or  beyond 
the  seat  of  obstruction.  The  passage  of  a  tube  (it  need  be  no  larger  in  calibre, 
though  it  may  be  larger,  than  a  No.  8  or  10  catheter),  and  the  retention  of  it  in  the 
oesophagus,  not  only  enables  the  patient  to  feed  himself  satisfactorily,  but  does  good 
rather  than  harm,  so  far  as  the  disease  is  concerned.  The  inconvenience  the  patient 
suffers  is  very  small  compared  with  the  comfort  and  advantage  he  gains.  The  same 
tube  may  be  retained  for  a  week  or  more  and  then  changed.  In  one  instance  I  have 
kept  the  same  tube  in  unremoved  for  four  weeks,  the  patient  feeding  himself  com- 
fortably and  satisfactorily  through  it.  This  method  of  treatment  seems  to  me  pre- 
ferable to  gastrostomy,  or  at  any  rate  a  method  that  should  be  fairly  and  freely  tried 
in  every  case  before  resort  to  gastrostomy  is  urged. 

Arthur  E.  Durham. 
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FROM  time  immemorial  these  injuries  have  been  described  under  two  distinct 
heads,  viz.  those  affecting  the  parietes,  and  those  involving  the  contents,  the 
pleura  constituting  the  limit.  Although  the  distinction  is  merely  artificial,  still,  for 
practical  purposes,  we  may  adopt  it  on  the  present  occasion.  But  before  proceeding 
with  our  inquiries,  let  us  invite  the  serious  attention  of  the  surgeon  to  the  very 
great  importance  of  an  accurate  knowledge  of  the  anatomy  of  the  parietes  of  the 
chest,  and  the  organs  contained  therein ;  for  no  one  can  possibly  undertake  to  make 
any  satisfactory  diagnosis  or  prognosis  unless  he  be  well  acquainted  with  the  fabric 
of  the  walls,  and  with  the  relative  position  and  adaptation  of  the  contents,  as  also 
with  the  varied  phenomena  of  inspiration  and  expiration — not  forgetting  the  actual 
position  of  the  diaphragm  and  its  extensive  encroachment  within  the  domains  of  the 
chest,  carrying  along  with  it,  as  it  does,  many  of  the  important  abdominal  viscera, 
such  as  the  liver,  stomach,  &c,  which  lie  under  its  expanded  and  protective  walls. 

The  arrangement  of  our  subject  will  be  as  follows  :  firstly,  wounds  and  injuries 
of  the  surface  and  parietes  of  the  chest,  usually  denominated  non-penetrating 
wounds ;  and  this  section  will  include  fracture  of  the  ribs,  and  contusion  :  secondly, 
woimds  and  injuries  of  the  interior  and  the  contents,  called  penetrating  wounds  ; 
and  to  this  section  will  be  added  the  rare  complication  of  injured  viscera  from  con- 
tusion, unaccompanied  by  external  breach  of  surface. 

I.  Injuries  and  Wounds  of  the  Parietes. 

In  considering  these  lesions,  we  must  bear  in  mind  that  the  wall  of  the  chest  is 
built  up  of  twelve  pairs  of  more  or  less  moveable,  semicircular  hoops  of  bone,  the 
ribs,  which  are  attached  to  the  spine  behind  by  strong  inextensible  ligaments,  and 
in  front  connected  by  means  of  elastic  solid  substances,  the  costal  cartilages,  to  a 
central  shield  of  spongy  bone,  the  sternum ; — that  these  cartilages  often  become 
ossified,  in  advanced  age; — -that  between  the  ribs  there  are  spaces  filled  up  by 
muscles ;  and  that  there  is  an  artery,  vein,  and  nerve,  running  close  along  and  under 
cover  of  the  lower  border  of  each  rib,  in  the  upper  part  of  each  intercostal  space; — 
that  the  chest  is  further  protected  on  its  surface  by  the  large  and  powerful  muscles 
which  attach  the  upper  extremity  to  the  trunk ; — and,  lastly,  that,  from  its  exposed 
position,  additional  security  is  obtained  by  the  scapula?  and  vertebral  column  behind, 
by  the  protective  position  of  the  arms  depending  on  either  side,  by  the  clavicle,  and 
by  the  almost  instinctive  movements  of  the  upper  extremity  in  warding  off  injury  in 
front. 

Contusions  of  the  surface  of  the  chest  may  be  of  a  simple,  uncomplicated 
character,  resembling  the  ordinary  forms  of  contusion,  which  have  been  already 
described  in  the  preceding  volume ;  but  they  may  also  be  attended  with  lesions  to 
structures  peculiar  to  this  region,  and  these  will  require  special  notice.  Thus, 
contusions  may  be  complicated  with  rupture  of  the  superficial  and  thoracic  vessels, 
which  are  of  considerable  size,  and  pour  out  blood  freely.  This  effusion  of  blood 
may  be  confined  merely  to  a  certain  space ;  but  at  other  times  it  may  be  so  very 
extensive,  and  so  rapid,  as  to  excite  alarm  lest  the  main  trunk  has  given  way. 


806 


INJURIES  OF  THE  CHEST. 


When  seen  several  days  after  the  injury,  it  is  liable  to  be  mistaken  for  acute 
suppuration  ;  but  the  diagnosis  will  be  based  upon  the  sudden  and  rapid  appearance 
of  the  swelling  after  the  receipt  of  the  blow,  the  soft  and  fluctuating  condition  of 
the  enlargement,  the  absence  of  discoloration  of  the  skin  in  the  first  instance,  and 
the  absence  of  any  inflammatory  action  afterwards.  Sometimes  the  effusion  may 
continue  so  as  to  cause  tension  by  over-accumulation,  but,  generally  speaking,  these 
cases  are  by  no  means  serious,  provided  they  be  not  meddled  with  ;  and  there  are 
many  instances  recorded  where  the  whole  of  the  front  of  the  cliest  on  one  side  has  been 
bathed  in  an  extensive  effusion  of  blood,  and  which  have  yet  done  well,  without 
causing  any  bad  results.  The  treatment,  therefore,  will  consist  in  endeavouring, 
firstly,  to  arrest  any  further  effusion  of  blood,  thus  favouring  coagulation,  by  cold 
applications  and  the  use  of  evaporating  and  saturnine  lotions ;  and,  secondly,  to 
promote  the  absorption  of  the  extravasated  blood,  when  nature's  efforts  ai'e  sluggish 
and  tedious,  by  the  application  of  stimulating  embrocations,  care  being  taken  not  to 
carry  this  to  so  great  an  extent  as  to  excite  inflammation. 

Sometimes  contusions  are  complicated  with  rupture  of  some  fibres  of  powerful 
muscles,  such  as  the  pectoral ;  these  accidents,  however,  are  not  very  frequently  met 
with  in  civil  practice,  but  are  by  no  means  uncommon  in  military  experience  from 
the  effects  of  spent  balls,  &c.  Rupture  of  a  muscle  has  been  likewise  observed  in 
cases  where  the  individual  has  fallen  across  a  projecting  body,  or  whilst  falling  from 
a  height  grasped  a  fixed  body  during  his  descent.  The  accident  is  at  once  recognised 
by  the  total  or  partial  loss  of  the  use  of  the  muscle  thus  injured,  and  by  the  sensible 
gap  existing  between  the  torn  fibres.  The  treatment  consists  in  the  relaxation  of 
the  muscle  and  careful  approximation  of  the  ruptured  ends  by  position  ;  and  this  is 
to  be  maintained,  if  necessary,  by  means  of  bandages. 

Contusions,  complicated  with  fractures  of  the  ribs,  are  of  very  frequent,  almost 
daily  occurrence.  The  statistics  of  Gurlt,1  based  on  a  collection  of  51,938 
fractures  of  all  bones,  place  those  of  the  ribs  next  to  the  forearm  and  leg  in  order 
of  frequency.  This  total  includes  8,261  fractures  of  the  ribs,  or  15*9  per  cent., 
compared  with  18  per  cent,  for  the  forearm  and  16  per  cent,  for  the  leg.  Compared 
with  these,  other  statistics  from  cases  admitted  into  the  Hotel  Dieu  (Malgaigne), 
Guy's  and  the  Middlesex  Hospitals  give  596  fractures  of  the  ribs  out  of  a  total  of 
5,921  of  all  fractures,  about  10  per  cent.  ;  whilst  the  figures  of  Middeldorpf,2  33  out 
of  167,  yield  nearly- 20  per  cent.  Both  sexes  are  liable,  but  not  equally  so.  Thus,  of 
424  observations  from  Guy's  Hospital  and  the  Hotel  Dieu,  73  were  females,  or  rather 
less  than  a  sixth.  "With  regard  to  age,  this  accident  is  found  to  occur  but  rarely  in 
the  young,  in  consequence  of  the  elasticity  with  which  the  thorax  is  endowed  at  that 
period  of  life ;  but,  on  the  other  hand,  is  predisposed  to  by  those  atrophic  and  osteo- 
malacic changes  in  the  bones,  and  ossification  in  the  cartilages  so  frequently  met 
with  in  old  age.  Of  161  cases  admitted  into  Guy's  Hospital,  85  were  under  35 
years  of  age  (9  being  below  15  years),  and  126  over  30  years;  4  being  persons  over 
70  ;  and  in  263  cases  from  Malgaigne,  1  occurred  at  9  years,  2  between  15  and  20, 
11  between  20  and  30,  48  between  30  and  40,  72  between  40  and  50,  68  between  50 
and  60,  49  between  60  and  70,  and  12  at  or  over  70  years. 

The  causes  for  the  most  part  are  to  be  referred  to  external  violence,  such  as  blows, 
falls,  the  passage  of  a  wheel  over  the  chest,  pressure  between  two  opposing  forces ;  in 
some  rare  instances  simple  muscular  contraction,  generally  in  the  form  of  power- 
ful expiratory  efforts,  has  sufficed  to  produce  the  injury.  Certain  general  or  local 
conditions  not  unfrequently  predispose  to  its  occurrence ;  besides  the  influence  of  age 
and  sex  already  mentioned,  the  ribs  are  less  liable  to  fracture  where  they  are  most 
protected,  as  in  the  uppermost,  or  most  mobile,  as  in  the  lowest,  or  when  fixed  and 
prepaied  to  receive  the  external  force ;  whilst  the  presence  of  structural  change,  on 
the  other  hand,  resulting  from  cancer,  the  pressure  of  an  aneurism,  atrophy,  <fec, 
increases  the  risk.  Fractures  from  muscular  contraction  most  commonly  occur  in 
ribs  the  seat  of  some  morbid  change,  although  they  have  been  known  to  happen  in 


1  Arrhio  f.  Jdin.  CMr.  Bd.  xxy.  1850. 


2  Beitr.  z.  Lehr.  v.  d.  Knochenb.  1853. 
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apparently  healthy  and  vigorous  individuals.  Malgaigne,  who  assumes  the  existence 
of  atrophic  thinning  in  these  cases,  has  collected  eight  examples,  occurring  equally  in 
male  and  female.  Out  of  1 0  cases  of  this  character,  8  happened  between  the  ages  of  45 
and  63  years,  one  at  the  age  of  39,  and  one  in  a  pregnant  woman  of  22  ;  7  were  pro- 
duced by  coughing,  2  by  other  muscular  actions,  as  turning  in  bed  suddenly,  and 
slipping  whilst  walking,  and  1  by  sneezing.  Usually  a  single  rib  gives  way,  but  in 
3  of  the  cases  two  ribs  were  involved  ;  the  ninth,  tenth,  or  eleventh  are  those  most 
generally  affected,  although  it  has  occurred  as  high  as  the  fourth.  The  seat  of  frac- 
ture is  situated  either  at  the  middle  or  anteriorly,  more  rarely  just  in  front  of  the 
angle. 

Respecting  the  method  of  production,  the  ribs  may  be  broken,  according  to  the 
theory  of  Petit,  in  one  of  two  ways,  either  at  the  seat  of  injury,  by  a  forcible  blow 
or  fall  on  some  projecting  body,  constituting  what  are  termed  direct  fractures,  and 
in  such  cases  one  or  two  ribs  only  are  found  involved,  with  the  broken  ends  often 
driven  inwards  (fracture  en  dedans  of  Petit) ;  or,  secondly,  the  fracture  may  take 
place  at  some  distance  from  the  site  of  the  external  violence,  hence  called  indirect 
fractures;  here  the  ribs  generally  give  way  about  their  middle,  or  most  convex  part, 
at  the  point  intermediate  between  the  two  opposing  forces,  as,  for  instance,  in  those 
cases  where  the  chest  is  squeezed  against  a  wall  or  a  post,  or  where  the  wheel  of  a 
cart  or  vehicle  passes  over  the  chest :  in  such  fractures,  three  or  more  ribs  are  in- 
volved, and  the  fractured  ends  are  often  driven  outwards  (en  dehors  of  Petit). 

This  classification  is  somewhat  too  absolute,  and  does  not  altogether  accord  with  the 
known  facts.  The  distinction  between  the  direct  and  indirect  varieties  is  not  always  easy, 
for  forces,  acting  by  compression,  sometimes  cause  fracture  at  the  place  where  the  force  is 
applied,  sometimes  at  a  distance  from  this,  the  result  depending,  in  great  measure,  upon  the 
elasticity  of  the  thorax.  Again,  the  same  violence  may  act  both  directly  and  indirectly,  as 
i?i  the  passage  of  the  wheel  of  a  vehicle  across  the  chest,  fracturing  a  large  number  of  ribs, 
often  on  both  sides  and  at  different  places,  and  operating  differently  according  to  its  direction, 
whether  it  is  applied  longitudinally  along  or  transversely  across  the  thorax.  Malgaigne  found, 
from  experiments  on  the  dead  body,  that  the  indirect  fracture  produced  by  pressure  on  the 
sternum,  occurred  much  nearer  to  this  bone  than  the  centre  of  the  rib  ;  it  may  even  occur 
behind  the  angle  and  as  far  back  as  the  neck.  A  fracture  from  indirect  violence  may  be 
limited  also  to  a  single  rib,  as  in  a  case  reported  by  Legouest,1  where  such  an  injury  followed 
a  fall  against  a  table.  The  assumption  that  the  fractured  ends  are  driven  outwards  in  in- 
direct fractures  is  not  substantiated  by  pathological  or  clinical  evidence.  Prof.  Bennet,2 
from  an  examination  of  seventy  specimens  of  fractured  ribs,  many  of  which  had  obviously 
been  produced  by  indirect  force,  did  not  meet  with  a  single  case  of  displacement  or  angular 
deformity  outwards.  On  the  other  hand,  suoh  fractures  were  in  a  few  instances  found 
accompanied  by  projection  of  one  of  the  fragments  inwards,  in  the  form  of  a  splinter  of  very 
definite  shape  detached  from  the  pleural  surface  of  the  rib  and  limited  by  a  > -shaped 
margin  ;  and  he  considers  this  beyond  doubt  to  be  a  part  of  the  direct  result  of  a  fracture 
caused  by  a  thrust  applied  to  the  anterior  extremity  of  the  rib,  and  conveyed  along  the  axis 
of  its  anterior  segment  until  it  is  suddenly  interrupted  by  the  curve  at  the  angle.  The  rib 
gives  way  here,  and  by  a  continuance  of  the  force  acting  from  before  backwards,  one  fragment 
may  penetrate  the  other,  and  whenever  any  displacement  occurs,  it  encroaches  on  the 
chest-cavity. 

Complete  or  incomplete  fractures  may  exist,  the  latter  implicating  either  the  upper 
or  lower  margin  of  the  rib  or  its  anterior  or  posterior  cortical  layers,  and  occasion- 
ally running  longitudinally  and  parallel  to  the  axis  of  the  rib.  Complete  fractures 
are  either  transverse,  oblique  or  comminuted,  and  involve  one  or  several  ribs,  in 
one  or  more  places,  with  the  fractured  ends  remaining  in  apposition  or  displaced  from 
each  other.  The  displacement  consists  either  of  overlapping  of  the  broad  or  narrow 
surfaces,  or  of  angular  deformity  inwards  or  outwards.  It  is  only  possible  in  the  former 
case  when  several  ribs  are  broken,  is  never  very  excessive,  being  rarely  more  than 
half  an  inch  in  extent,  and  its  direction  depends  upon  the  force  employed,  the  an- 
terior fragment  being  usually  in  front.  Deformity  inwards  attains  a  considerable 
degree  when  the  fracture  is  double,  so  that  a  portion  of  one  or  more  ribs  becomes 
completely  detached  and  depressed  (in  one  case  to  the  extent  of  three-quarters  of 
an  inch),  and  sinking  in  with  each  act  of  inspiration  or  by  the  application  of  slight 
external  pressure. 

1  Gaz.  des  Hop.  1859.  2  Dublin  Quart.  Journ.  Mar.  1876. 
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The  middle  ribs  are  those  most  frequently  broken,  fracture  of  the  first,  second 
and  third  being  least  common,  whilst  fracture  of  the  first  rib  alone  is  exceptionally 
rare,  and  by  some  authors  said  to  be  unknown.  An  example  of  the  latter  accident 
occurred  in  a  child  who  was  run  over  by  a  vehicle,  and  was  admitted  into  the 
Middlesex  Hospital  with  double  pneumothorax  and  general  emphysema.  It  died 
within  a  few  hours,  and  on  examination  a  fracture  of  the  left  first  rib  only,  posteriorly 
near  the  neck,  was  found,  together  with  laceration  of  the  costal  pleura,  minute  rupture  of 
lung,  and  subpleural  emphysema.  Of  61  cases  recorded  at  Guy's  Hospital,  44  involved 
from  the  fourth  to  the  eighth  rib,  13  the  last  four,  and  4  the  first  three ;  in  9  cases  a 
single  lib  was  fractured.  Fractures  of  the  ribs  may  be  complicated,  firstly,  by  an 
external  wound,  generally  produced  by  the  force  which  causes  the  fracture,  as  in 
gunshot  injuries  ;  secondly,  by  rupture  of  muscles,  usually  the  intercostal,  exception- 
ally the  pectoral  or  serratus  magnus  ;  thirdly,  by  the  presence  of  a  foreign  body,  as  a 
bullet  or  fragment  of  cloth,  &c.  ;  fourthly,  by  perforation  of  the  lung,  causing  em- 
physema, haemorrhage,  pneumothorax,  or  pneumonia ;  and,  fifthly,  by  wound  of  the 
pleura,  exciting  pleurisy.  Other  and  more  rare  complications  may  also  occur,  such 
as  wound  of  the  pericardium  or  heart,  in  six  examples  of  which,  the  lesion  twice 
affected  the  right  auricle,  twice  the  left  auricle,  once  both  ventricles,  and  once  the 
apex ;  in  one  case  of  perforation  of  an  auricle  the  patient  lived  for  an  hour,  and  then 
died  suddenly,  the  opening  having  been  plugged  by  one  of  the  fragments  which  sub- 
sequently became  displaced.  Wounds  of  the  intercostal  vessels  are  mostly  fatal, 
although  a  case  of  recovery  after  ligature  is  recorded  by  Desportes,  and  one  in  which 
the  injury  was  followed  by  a  traumatic  aneurism,  which  was  treated  subse- 
quently, by  Uhde.1  The  diaphragm  may  also  be  perforated  and  the  abdominal 
viscera  wounded,  either  liver,  spleen,  or  intestine.  The  relative  proportion  of 
complicated  and  uncomplicated  cases  may  be  seen  in  the  following  analysis  of  136 
cases  :  108  of  these  were  uncomplicated,  and  28  complicated,  16  with  emphysema 
of  whom  4  had  symptoms  of  pneumonia,  but  all  recovered,  and  of  the  remaining  1 2? 
6  died  at  once  from  fatal  collapse,  and  6  recovered ;  of  these  latter,  3  had  haemoptysis 
and  emphysema,  and  3  extensive  injury  and  severe  inflammatory  symptoms.2 

The  ordinary  symptoms  and  diagnosis  of  a  fractured  rib  per  se  will  consist  of, 
firstly,  the  sensation  expressed  by  the  patient  of  his  having  felt  something  snap  or 
give  way  ;  secondly,  his  complaining  of  pain  at  the  seat  of  injury,  a  kind  of  severe 
stitch  in  the  side,  or  catching  of  the  breath  during  an  irregular  respiration,  while  he 
carefully  avoids  to  take  a  deep  inspiration  or  a  prolonged  expiration ;  even  the 
slightest  attempt  to  cough  distresses  the  patient  and  disturbs  the  fracture,  giving 
rise  to  the  sensation  of  grating ;  thirdly,  the  partial  arrest  of  the  movements  of  the 
ribs  on  the  affected  side,  as  well  as  of  those  on  the  sound  side,  in  consequence  of  their 
consonance  of  action ;  hence  the  respiration  is  carried  on  principally  by  the  dia- 
phragm and  abdominal  muscles ;  fourthly,  the  detection  of  crepitus,  owing  to 
the  movements  of  the  fractured  ends  one  against  the  other — and  this  is  to  be  ascer- 
tained by  manipidative  measures,  either  by  simply  placing  one  hand  firmly  over  the 
seat  of  mischief,  whilst  the  other  hand  is  employed  in  making  counter-pressure  on 
the  opposite  side  of  the  chest,  and  then  instructing  the  patient  to  take  a  full  inspira- 
tion ;  or  by  applying  the  hands  one  on  either  side  of  the  supposed  seat  of  fracture  and 
making  alternate  pressure,  so  as  to  cause  the  two  ends  to  rub  against  each  other  j  or 
in  very  thin  subjects,  by  taking  hold  of  the  rib  in  front  and  making  the  necessary 
movements ;  or,  lastly,  should  all  these  means  fail,  by  having  recourse  to  auscultation, 
which  will  often  assist  in  detecting  the  crepitation  of  fracture,  notwithstanding  the  de- 
preciation of  its  value  in  obscure  cases  by  some  surgeons  of  excellent  authority.  It 
must  be  borne  in  mind  that,  although  crepitus  is  an  essential  indication  of  fracture, 
yet  in  some  rare  instances  it  may  escape  detection,  and  more  especially  when  one 
bone  only  is  broken,  and  at  a  part  where  it  is  thickly  covered  by  muscles  or  much 
fat,  or  where  the  periosteum  has  remained  untorn  ;  hence  caution  must  be  used  in 
denying  the  existence  of  fracture  in  consequence  of  the  absence  of  crepitus. 


1  Deutsche  Klinik,  1856. 


2  Guy's  Sbsp.  Repts.  vol.  vi.  18G0. 
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The  prognosis  is  in  general  exceedingly  favourable,  but  of  course  it  will  be  modi- 
fied according  to  the  primary  and  secondary  complications,  more  especially  the  lesion 
of  important  structures.  In  old  and  elderly  persons,  who  happen  at  the  time  to  be 
the  subjects  of  bronchitis,  asthma,  or  other  form  of  chronic  disease,  a  guarded  prog- 
nosis must  always  be  given,  even  should  the  fracture  be  uncomplicated ;  for  these 
individuals  often  succumb,  in  the  one  instance,  to  shock  from  their  low  state  of 
vitality,  and  in  the  other  to  a  kind  of  asphyxia  from  inability  to  free  the  lungs  of 
the  accumulated  mucous  secretion. 

Consolidation  of  the  fractured  ends  generally  takes  place  in  from  twenty -five  to 
thirty  days.    The  callus  is  thrown  uniformly  out  over  the  whole  circumference  of 

Fig.  127. — External  view  of  a  preparation  of  Fractured  Ribs,  repaired  and  united  to 
each  other  by  extension  of  Callus. 


both  bones,  and  seldom  or  ever  forms  any  great  projection  on  the  pleural  aspect. 
Sometimes  an  excess  of  callus  may  extend  so  as  to  form  junctions  with  the  rib  above 
and  below. 

Union  by  bone  occasionally  fails  to  take  place,  and  instead,  the  fragment  may 
either  become  simply  united  by  fibrous  or  ligamentous  tissue,  or  some  form  of  false 
joint  is  established,  either  forming  a  kind  of  synchondrosis,  or  possessing  a  synovial 

Fig.  128.— Internal  view  of  the  same.    (Guy's  Hospital  Museum.) 


membrane  and  capsule.  This  may  arise  from  deficiency  of  callus,  or  from  the  pre- 
sence of  a  clot  of  blood,  or  collection  of  pus,  and  is  conduced  to  by  certain  con- 
stitutional influences,  such  as  pregnancy  or  alcoholism.  Herard  records  a  case 
of  spontaneous  fracture  of  the  eleventh  rib  during  pregnancy,  in  which  union 
had  not  occurred  at  the  end  of  forty-five  days.  Callus  may  be  thrown  out  around 
each  fractured  end,  and  yet  the  fragments  do  not  coalesce,  as  seen  in  a  preparation 
(No.  421)  of  Mr.  Hunter's,  in  the  Royal  College  of  Surgeons'  Museum ;  exceptionally, 
caries  or  necrosis  of  the  ends  may  interfere  with  union,  an  example  of  which  is 
referred  to  by  Hamilton,  where  an  abscess  formed  round  the  fragments,  the  ends 
being  subsequently  resected  by  an  operation.  Suppuration  in  simple  fracture  is  occa- 
sionally seen,  especially  in  constitutions  impaired  by  disease  and  alcoholic  excess. 

The  treatment  comprises  local  and  constitutional  measures.  The  local  treat- 
ment consists  in  maintaining  the  rib  in  as  perfect  a  state  of  rest  as  possible  by  any 
of  the  following  plans  :  firstly,  the  application  of  broad  strips  of  stout  plaster,  extend- 
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ing  from  the  spine  round  the  affected  side  to  the  sternum.  These  are  not  easily 
displaced,  and  whilst  fixing  the  one  side,  leave  the  other  unimpeded  in  the  act  of 
respiration.  In  place  of  the  strips,  a  single  large  sheet  of  strapping  may  be  used,  but 
its  application  in  this  manner  is  less  uniform.  Secondly,  the  use  of  the  circular 
roller,  or  a  broad  sheet  of  linen  encircling  the  chest,  fixed  by  pins  or  stitched  and 
retained  in  position  by  T-bandages  on  the  shoulders.  Thirdly,  the  use  of  com- 
presses of  splints  of  leather,  pasteboard,  felt,  or  gutta-percha  moulded  to  the  side ;  in 
those  cases  where  the  fragments  are  depressed,  these  splints  should  be  applied  verti- 
cally on  either  side  of  the  fracture,  and  retained  there  by  strapping  on  a  roller. 
Fourthly,  the  recumbent  posture  in  bed,  without  any  confining  apparatus,  particularly 
in  those  cases  where  pressure  aggravates  the  pain  and  distress,  and  tends  to  increase  the 
depression  of  the  bones.  Fixation  of  the  chest  in  plaster  splints,  after  reposition 
of  the  displaced  ends  by  means  of  inspiratory  efforts,  has  been  recommended,  espe- 
cially in  gunshot  injuries  of  the  thorax.  Many  attempts  have  also  been  made  to 
elevate  the  depressed  ends  by  manipulative  and  operative  measures.  Malgaigne's 
method  of  depressing  the  one  fragment  until  it  touches  and  becomes  interlocked  with 
the  other,  so  as  to  raise  this,  may  be  of  service ;  but  such  means  as  the  finger  (after 
exposing  the  fracture  by  incision)  hooks,  elevators,  levers,  which  have  been  recom- 
mended from  time  to  time,  are  in  the  highest  degree  dangerous  and  have  been 
generally  abandoned.  The  constitutional  treatment  will  comprise  the  administration 
of  ordinary  surgical  remedies,  such  as  rest,  quietude,  careful  diet,  and  abstention  from 
all  stimulating  drinks.  Expectorants,  diaphoretics,  demulcents,  and  in  some  cases 
opiates,  where  much  cough  and  irritation  exists,  with  the  frequent  use  of  small  doses 
of  antimonial  wine,  are  useful  and  effective.  Venesection  is  employed  on  rare  occasions 
for  the  relief  of  alarming  chest  symptoms  which  threaten  to  terminate  fatally  by 
asphyxia,  the  chief  indications  for  its  vise  being,  increasing  dyspnoea,  oppressed  circu- 
lation, engorgement  of  the  lungs,  and  insufficient  aeration  of  the  blood,  as  exhibited 
by  the  dusky  countenance,  cyanosed  lips,  and  hard  pulse.  In  these  cases  it  acts  quickly 
and  like  a  charm,  and  blood  should  be  taken  freely  until  the  distressing  symptoms 
are  relieved,  and  the  venesection  repeated  if  they  recur.  Should  the  urgency  not 
demand  bleeding  from  the  arm,  relief  may  be  obtained  by  freely  leeching  the  front  of 
the  chest. 

As  an  example  of  the  frequency  of  the  necessity  of  this  mode  of  treatment, 
we  may  mention  that,  out  of  136  cases  in  Guy's  Hospital,  only  three  required 
venesection. 

Fractures  of  the  sterno-costal  cartilages,  first  noticed  as  early  as  the  year  1698  by 
Z winger,  and  described  by  Lobstein  1  in  1820,  are  comparatively  rare  accidents. 
Magendie,  in  his  treatise  on  the  subject,  states  that  he  had  seen  five  examples  in  the 
space  of  two  years.  Gurlt 2  has  collected  thirty  cases  in  his  work  on  fractures  ; 
Holmes  mentions  three  cases ;  and  Bennet 3  gives  a  detailed  examination  of  six 
examples  of  the  fracture,  arranging  them  in  three  classes  ;  firstly,  as  complications  of 
graver  accidents;  secondly,  limited  direct  and  uncomplicated  fractures;  and,  thirdly, 
those  the  result  of  muscular  action. 

The  fracture  usually  occurs  after  middle  age,  although  it  may  happen  in  young 
people ;  as  in  a  case  of  Malgaigne's,  at  the  age  of  1 7  years.  In  direction  the  fracture  is 
transverse,  very  rarely  oblique,  as  in  cases  by  Manuel  and  Bennet,  but  never  irregular 
or  comminuted  ;  and  generally  involves  the  eighth  cartilage,  less  commonly  the  seventh 
or  ninth.  According  to  Boyer,  the  cartilages  between  the  fifth  and  eighth  are  those 
most  liable  to  fracture.  There  is  usually  some  displacement  of  the  ends,  either  for- 
wards or  backwards,  or  one  fragment  overlapping  the  other,  the  sternal  being  most 
frequently  on  an  anterior  level.  Delpech  considers  this  prominence  of  either  frag- 
ments to  depend  on  the  situation  of  the  fracture ;  when  at  the  sternal  end,  the  internal 
being  anterior,  and  the  reverse  at  the  costal  end  of  the  cartilage.  The  displacement 
has  been  explained  by  muscular  action,  but  in  many  instances  is  rather  due  to  the 
direction  of  the  external  force.    Although  it  is  most  frequently  the  result  of  direct 

1  TraM  tFAnat.  Tath.  vol.  i.  2  Hand.  d.  Leh.  v.  d.  Knochenh.  1862. 

3  Dublin  Quart.  Jowrn.  March,  1876. 
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violence,  it  may  be  caused,  as  in  the  bony  ribs,  by  muscular  action ;  and  in  fourteen 
tabulated  cases,  four  were  due  to  the  latter  cause  :  one  by  sneezing  and  three  by 
energetic  contraction  of  the  muscle  of  the  trunk  and  upper  extremities.  When  the 
violence  is  direct,  it  may  prod  ace  fracture  of  two  or  more  of  the  cartilages.  The 
diagnosis  is  usually  easy  when  the  syuq^toms  are  well  marked ;  the  latter  being 
pain  at  the  seat  of  fracture,  increased  by  coughing  and  inspiring  and  by  pressure, 
projection  of  one  end,  and  increased  mobility.  Should  the  fragments  be  in  apposition 
and  no  irregularity  exist,  the  diagnosis  is  more  difficult,  and  depends  on  the  local 
tenderness  and  swelling,  and  frequently  the  presence  of  a  cracking  sound  during  move- 
ments of  the  arm  and  trunk.  Consolidation  is  usually  complete  in  from  twenty-five 
to  forty-one  days,  and  takes  place  by  the  medium  of  bony  callus,  which  according  to 
Lobstein,  forms  a  ring  or  ferrule  around  the  broken  ends,  closely  adherent  to  them,  and 
more  developed  on  the  posterior  than  on  the  anterior  surface.  Malgaigne  accepts  this 
view,  and,  in  addition,  the  existence  of  a  bony  layer  between  the  fragments,  but 
not  continuous  with  these.  It  has  been  subsequently  shown  by  other  observers,  that 
intermediate  vmion  also  takes  place  by  the  medium  of  fibrous  and  finally  osseous 
tissue.  The  bony  ferrule  applies  only  to  fractures  which  are  only  slightly  or  not  at 
all  displaced  ;  in  other  cases,  where  the  fragments  overlap  each  other,  according  to  the 
specimens  examined  and  described  by  Bennet,  the  union  is  mainly  effected  by  osseous 
matter  deposited  so  as  to  fill  up  the  angle  formed  by  them  on  the  pleural  surface,  as 
well  as  the  space  between  the  fragments;  this  osseous  material  developing  through  the 
medium  of  a  new  formation  of  cartilaginous  tissue.  The  limitation  of  the  uniting 
callus  in  greater  part  to  the  pleural  surface  of  the  fragments  receives  an  explanation  in  a 
recent  specimen  examined  by  Prof.  Bennet 1  in  which  the  perichondrium  was  found 
completely  torn  through  on  the  outer  suface ;  whilst  on  the  inner  or  pleural  surface 
it  still  retained  its  continuity,  being  stripped  for  three-quarters  of  an  inch  from  the 
sternal  end,  and  forming  an  arch  between  the  fragments.  The  same  observer  con- 
siders that  the  degeneration  of  the  cartilage  previous  to  its  ossification  predisposes  it 
to  fracture  ;  and  that  the  development  of  the  callus  is  similar  to  that  in  bone,  except 
that  it  is  more  limited  and  of  slower  formation.  In  the  Museum  of  St.  Bartholomew's 
Hospital  are  three  specimens  :  Series  iii.  No.  4,  section  of  a  cartilage  of  a  rib  which 
appears  to  have  been  fractured  and  reunited  by  the  growth  of  a  new  cartilaginous 
substance ;  No.  48,  section  of  the  cartilage  of  a  rib  which  has  been  fractured  and  is 
firmly  united — the  uniting  medium  consists  of  cartilage  and  of  bone  ;  and  No.  73, 
where  the  fractured  portions  are  surrounded  by  a  ring  of  bone.  The  prognosis  is 
good,  and  the  treatment  the  same  as  that  for  fractured  ribs ;  when  displacement 
exists,  an  attempt  to  reduce  this  may  be  made  by  pressure  and  deep  inspiratory  efforts, 
the  sternum  being  thrown  forward  at  the  same  time.  The  reduction  occasionally 
fails,  and  all  forcible  pressure  is  to  be  deprecated.  Malgaigne  states  that  he  has  used 
with  success  a  modification  of  the  common  truss,  furnished  with  well-protected  pads ; 
the  one  pad  is  placed  on  one  side  of  the  fracture,  the  semicircular  spring  made  to 
encircle  the  chest,  and  the  counter-pad  made  to  press  upon  the  other  end  of  the 
fracture. 

Fractures  of  the  sternum  are  by  no  means  common,  for  during  eleven  years  at  the 
Hotel  Dieu  only  one  example  was  recorded ;  at  the  Middlesex  Hospital,  according  to 
Mr.  Lonsdale,  2  cases  were  met  with  in  1,901  fractures,  and  among  51,938  fractures 
collected  by  Gurlt,  there  were  only  52  of  the  sternum,  or  1  per  cent.  Thus  alone  it 
is  a  very  uncommon  accident,  but  it  is  more  frequently  met  within  conjunction  with 
other  injuries,  e.g.  of  the  ribs,  spine,  clavicle,  &c.  At  St.  George's  Hospital,  during 
the  four  years  1857-60,  9  cases  of  this  fracture  were  dissected,  all  of  which  were 
complicated,  3  with  fractured  spine  and  6  with  fractured  ribs ;  and  of  6  cases 
which  died  in  the  Middlesex  Hospital,  2  were  complicated  with  fractured  ribs,  2 
with  injury  to  the  spinal  column,  1  with  rupture  of  the  right  ventricle,  and  1  was 
uncomplicated  and  died  of  bronchitis.  They  occur  most  frequently  between  the 
ages  of  20  and  50  years,  may  be  either  transverse  or  longitudinal,  usually  the  former, 
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and  may  implicate  the  manubrium,  body,  or  xiphoid  cartilage.  Comminuted  and 
multiple  fractures  are  not  unknown,  as  many  as  three  separate  lines  of  fracture 
having  been  found.  The  most  common  seat  of  fracture  is  the  body,  between  the 
manubrium  and  the  fourth  cartilage,  more  rarely  below  this,  and  still  more  rarely  in 
the  manubrium  itself.  It  is  caused  by  direct  force,  as  by  falls,  blows,  kicks,  or  compres- 
sion by  heavy  weights ;  but  even  more  frequently  results  from  indirect  violence,  as  by 
forcibly  bending  the  body  backwards  in  falling  across  a  projecting  body,  of  which  cases 
are  quoted  by  Sabatier,1  Rollande,2  Malgaigne,3  and  Cassan,4  or  by  forcible  flexion  of 
the  trunk  forward,  or  by  forces  acting  at  either  extremity  of  the  vertebral  column,  as 
by  falls  on  the  bead,  shoulders,  feet,  and  buttocks.  Fere 5  has  seen  a  fracture  pro- 
duced in  the  last-mentioned  manner  in  the  dead  subject.    Sometimes,  but  very 


Fig.  129.— Fracture  of  the  First  Bone 
of  the  Sternum  transversely.  From 
a  man  aged  56,  who  fell  forty 
feet  from  a  scaffold,  and  died  in 
two  and  a  half  hours ;  he  had  like- 
wise fractured  spine,  ribs,  and  other 
bones. 


Fig.  130. — Fracture  of  the  Second 
Bone  of  the  Sternum  transversely 
and  obliquely.  From  a  man  aged 
40,  who  fell  off  a  waggon-load  of 
hay,  and  was  sent  up  to  the  hospital 
from  the  country,  and  died  on  the 
following  day. 


(From  preparations  in  Guy's  Hospital  Museum.) 


rarely,  the  bone  gives  way  from  excessive  muscular  contraction,  as  in  two  cases  re- 
corded by  Chaussier,6  one  by  Lucchetti,7  and  one  by  Pirotais,8  occurring  during  the 
throes  of  labour,  from  contraction  of  the  anterior  trunk  muscles,  and  simultaneous 
arching  backwards  of  the  body,  and  in  a  case  by  Lafont 9  during  an  effort  to  prevent 
a  fall  backwards.  It  has  also  happened  to  a  celebrated  vaulter,  whilst  bending  the 
body  backwards  to  lift  a  heavy  weight  by  his  teeth.10  Gurlt  has  collected  eight 
examples  of  fracture  by  muscular  action,  five  being  in  females. 

The  mechanism  of  the  direct  fractures  is  obvious,  but  an  explanation  of  the 
indirect  variety  is  less  easy,  the  theory  of  contre-coup  which  has  been  invoked  for 
the  purpose  being  unacceptable.  In  those  fractures  which  are  due  to  forced  flexion, 
the  forcible  contact  of  the  chin  against  the  front  of  the  sternum  may  be  the  efficient 
cause,  as  in  a  case  referred  to  by  Rivington  11  of  an  acrobat  who,  in  falling,  was 
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doubled  up  with  the  head  forcibly  flexed  on  the  chest ;  but  here  the  cause  acts  directly 
on  the  bone.  Different  views  have  prevailed  in  explanation  of  the  action  of  the  in- 
direct forces,  such  as  the  overarching  of  the  sternum,  or  the  traction  upon  it  in  opposite 
directions  by  the  muscles  and  ribs  attached  to  it.  Maisonneuve  believes  the  force  to 
be  transmitted  to  the  sternum  through  the  clavicle,  and  Eivington  through  the 
ribs. 

Displacement  in  these  fractures,  particularly  in  the  direct  variety,  varies  accord- 
ing to  the  kind  of  force  producing  the  lesion  ;  it  may  be  absent  altogether.  In  the 
indirect  examples,  the  lower  fragment  is  usually  anterior  to  the  upper,  occasionally 
over-riding  it ;  in  one  case  the  fragments  were  so  far  separated  as  to  permit  the  pulsa- 
tion of  the  aorta  to  be  felt ;  more  rarely  the  lower  fragment  lies  behind  the  upper. 

The  symptoms  are  a  sensation  of  breaking  at  the  time  of  the  accident,  localised 
pain  increased  by  pressure,  movement,  respiration,  coughing,  <fcc.,  and  in  some  in- 
stances, abnormal  mobility  and  crepitus  with  pressure  on  deep  inspiration.  When 
displacement  is  present,  there  is  visible  deformity,  consisting  of  an  abnormal  promi- 
nence, and  above  this  a  deep  depression ;  and  if  the  fragments  overlap  each  other, 
the  costal  cartilages  are  approximated  to  each  other.  Sometimes  the  patient 
exhibits  a  special  attitude,  the  head  and  trunk  are  bent  forward,  and  he  is  unable  to 
sit  upright  or  to  straighten  himself  without  pain  ;  if  the  displacement  is  considerable, 
it  may  induce  oppression  of  breathing  and  palpitation. 

The  diagnosis  is  easy,  when  displacement  exists,  from  the  presence  of  the  sharp 
projection  and  corresponding  depression,  the  altered  relations  of  the  costal  cartilages, 
and  occasionally  from  the  existence  of  bony  crepitus ;  but  when  the  fibrous  and 
fascial  layers  are  untorn,  preventing  separation  of  the  fragments,  the  diagnosis  be- 
comes proportionately  difficult,  and  in  some  cases  impossible,  and  is  based  upon  the 
localised  pain  and  swelling,  mobility  and  crepitus  at  the  seat  of  fracture.  In  order 
to  elicit  the  latter  sign,  Despres  1  employed  a  pillow,  so  arranged  behind  the  back, 
that  the  head  became  very  dependent,  and  the  body  strongly  arched  forwards;  then, 
by  pressing  on  the  sternum,  he  was  enabled  to  detect  both  crepitus  and  mobility. 
Certain  congenital  and  pathological  conditions  may  be  mistaken  for  fracture,  such 
as  congenital  fissure  of  the  bone,  nodes,  a  prominent  angle  at  the  junction  of  the 
manubrium  and  body,  and  the  crepitus  of  adjacent  fractures. 

It  may  be  complicated  with  other  lesions,  with  the  presence  of  an  external  wound 
or  a  foreign  body.  Mediastinal  haemorrhage  becomes  excessive  when  the  internal 
mammary  vessels  are  injured,  as  in  a  case  of  Gulliver's,2  in  which  both  mammary 
arteries  were  torn,  and  in  which  the  extravasation  caused  compression  of  the  heart. 
Injuries  to  the  viscera,  as  wounds  of  the  heart  and  lungs,  are  rare.  Petit  mentions  a 
case  where  the  heart  was  compressed  by  a  fragment,  and  Dupuytren  one  where  the 
pericardium  was  pierced  and  the  ventricle  torn.  Inflammation  and  suppuration 
may  ensue,  with  consecutive  caries  or  necrosis,  and  may  excite  pleurisy  or  pneumonia. 
When  the  fracture  is  uncomplicated,  union  takes  place  rapidly  by  bony  callus ;  even 
in  the  position  of  the  unreduced  deformity,  without  causing  any  permanent  functional 
disturbance  :  as  in  a  case  referred  to  by  Claras,  where  the  angle  formed  by  the 
fragment  almost  touched  the  vertebral  column,  and  yet  produced  no  further  symptoms 
beyond  occasional  haemoptysis. 

The  prognosis  of  cases,  free  from  or  with  only  slight  complications,  is  not  alto- 
gether favourable,  since  8  out  of  a  total  of  46  died. 

The  treatment  will  be  the  same  as  for  fractured  ribs  :  sometimes  the  bandage  or 
strapping  cannot  be  borne,  so  that  the  patient  must  be  kept  in  the  recumbent  posi- 
tion; sometimes,  though  rarely,  he  cannot  even  bear  this,  and  is  only  comfortable 
when  in  the  sitting  position,  with  an  inclination  of  the  body  forwards,  resting  the 
head  in  front ;  and  in  this  state  some  have  actually  remained  for  eight  days. 

When  the  bones  have  been  much  displaced,  reposition  may  be  effected  by  direct 
pressure,  or  by  manipulation,  by  placing  a  cushion  under  the  chest,  and  throwing 
the  shoulders  well  back,  and  pressing,  at  the  same  time,  on  the  ribs  below,  thus 
causing  an  increase  of  the  arch,  and  so  bringing  the  edges  of  the  bones  mto  apposi- 

1  Gaz.  des  Hop.  1872.  -  Land.  Med.  Gazette,  1829. 
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tion,  or  by  traction  in  opposite  directions,  partly  on  the  head  and  neck,  and  partly 
on  the  lower  end  of  the  sternum,  the  ribs  and  pelvis.  In  two  cases  reposition  has 
taken  place  spontaneously,  one  during  a  fit  of  coughing,  and  the  other  from  turning  in 
bed.  Other  plans  have  been  devised  for  the  same  object,  but  in  general,  although  the 
reduction  may  be  perhaps  readily  effected,  the  difficulty  consists  in  retaining  the 
ends  in  situ.  Respecting  the  suggestions  for  the  use  of  a  kind  of  corkscrew,  to  be 
screwed  into  the  depressed  portion,  so  as  to  draw  it  up,  and  for  the  employment  of 
elevators,  hooks,  and  trepans,  all  these  must  be  considered  as  not  only  useless,  but 
the  relics  of  the  old  cruel  and  barbarous  surgery. 

The  general  treatment  should  be  expectant,  facilitating  expectoration,  and  treating 
symptoms  and  complications  as  they  arise.  If  suppuration  follow,  evacuation 
should  be  deferred  until  pointing  takes  places,  on  account  of  the  difficulty  of  its 
diagnosis,  when  no  trace  of  it  exists  externally.  Martiniere  1  afforded  an  escape  for 
the  pus  in  the  mediastinum,  by  removing  a  loose  fragment  of  bone. 

Longitudinal  fractures  of  the  sternum  are  very  rare,  so  that  their  occurrence  has 
been  denied  by  many  authors. 

Two  cases  are  mentioned  by  Plouquet,3  one  by  Pauli,3  and  one  by  Barrau.4  The  latter 
case  is  quoted  by  Malgaigne,  as  follows:  '  A  mason,  aged  60,  fell  from  a  scaffold  on  some 
large  stones ;  the  fracture  was  longitudinal,  and  the  right  portion  depressed  about  eight  to 
ten  lines,  the  left  somewhat  overlapping  ;  reduction  was  effected  by  drawing  the  arm  to  the 
side,  and  carrying  it  backwards,  then  pressing  firmly  on  the  middle  of  the  right  sternal  ribs, 
making  alternate  movements  from  before  backwards,  so  as  to  disengage  the  bones,  whilst,  at 
the  same  time,  gentle  pressure  was  made  on  the  left  or  riding  portion,  so  as  to  keep  it  on  its 
own  level.  After  reduction,  a  compress  was  applied,  and  maintained  by  a  firm  bandage :  the 
case  was  successful  at  the  end  of  six  weeks,  and  no  deformity  resulted. 

Dislocations  of  the  sternum. — The  body  may  be  dislocated  from  the  manubrium. 

Maisonneuve  5  first  demonstrated  the  exact  anatomical  relations  of  this  injury, 
and  described  the  existence  of  two  distinct  kinds  of  articulation  occasionally  found 
between  the  manubrium  and  the  body  of  the  sternum  :  the  one  a  true  amphi- 
arthrosis,  the  intervening  tissue  consisting  of  a  lamina  of  true  fibro-cartilage,  with  a 
limited  movement  due  to  the  elasticity  of  the  latter ;  and  the  other,  an  arthrodial 
joint,  each  surface  of  which  is  covered  with  a  distinct  separate  lamina,  adherent  to 
the  bone  by  one  surface  and  free  on  the  other.  He  further  pointed  out  that  the 
second  costal  cartilages  are  more  intimately  connected  with  the  manubrium  than  with 
the  body,  and  that  the  anterior  fibrous  layer  is  stronger  and  denser  than  the  posterior, 
which,  being  more  loosely  adherent  to  the  bone,  is  more  liable  to  be  stripped  off  in 
injury  to  the  bone.  These  observations  have  been  for  the  most  part  confirmed  by 
Rivington,  who,  in  100  specimens,  found  the  amphiarthrodial  type  in  51,  the 
diarthrodial  in  32,  an  intermediate  variety  in  11,  and  ossification  in  6.  With 
such  a  conformation,  the  possibility  of  a  true  luxation  between  these  two  parts  of 
the  sternum  is  indisputable. 

The  accident  occurs  almost  exclusively  in  adults,  the  youngest  example  on  record 
being  that  of  a  partial  dislocation  in  a  boy  aged  12  years,  reported  by  Ancelet,  and 
the  position  of  the  two  bones  is,  with  few  exceptions,  a  uniform  one,  the  gladiolus 
being  displaced  forwards  from  the  manubrium,  and  occasionally  over-riding  it ;  in 
the  cases  of  Petit,  Sabatier,  and  Siredey  the  reverse  happened,  the  manubriuni  being 
displaced  forwards.  The  second  costal  cartilages  remain  adherent  to  the  manubrium, 
except  in  a  few  instances,  where  one  or  both  retain  their  connection  with  the  body 
of  the  bone ;  the  anterior  ligamentous  tissues  are  usually  ruptured,  whilst  the 
posterior  are  entire  and  partially  stripped  from  the  bone.  Its  pi-oduction  requires 
considerable  force,  which  is  applied  either  directly,  as  by  falling  on  the  edge  of  a 
boat,  or  indirectly,  by  forcible  flexion  forwards,  or  bending  backwards  of  the  trunk, 

1  Mem.  de  VAcad.  roy.  de  Chir.  t.  iv. 

3  The  two  cases  of  Plouquet  are  those  of  Kramer  and  Mayer. 

3  V.  Amman.  Monatssch.  f.  Med.  u.  Chir.  vol.  i. 

4  Barrau,  These  de  Strasbourg,  5  janvier,  1815. 

5  Archiv.  yen.  de  Mi'd.  iii.  ser.  t.  xiv. 
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by  falls  or  blows  on  the  back,  falls  on  the  feet,  or  even  by  muscular  action  ;  it  has  also 
happened  from  force  applied  to  another  part  of  the  sternum,  causing  fracture  here 
and  dislocation  at  the  junction  of  the  two  bones.  Hi vington  explains  the  production 
of  the  accident  from  indirect  causes,  by  the  lever-like  action  of  the  ribs  which  transmit 
the  shock  to  the  sternum,  and  drive  it  forward.  Owing  to  the  greater  mobility 
and  leverage  possessed  by  the  lower  ribs,  as  compared  with  the  upper,  the  gladiolus 
is  carried  forward  more  powerfully  than  the  manubrium ;  the  greatest  stress  is  ex- 
perienced at  the  junction  of  the  more  fixed  with  the  more  moveable  part,  and  should 
an  articulation  exist  there,  dislocation  results.  The  symptoms  are  liable  to  be  mis- 
taken for  fracture  at  or  about  the  same  level ;  but  the  diagnosis  is  based  on  the 
following  features  :  in  dislocation  there  is  present,  about  an  inch  and  a  half  below 
the  sternal  notch,  a  marked  projection,  with  a  depression  above,  at  the  bottom  of 
which  the  manubrium  can  be  felt.  This  prominence  is  recognised  as  the  articulating 
surface  of  the  body  by  its  three  smooth  articulating  facets,  one  central  for  the  manu- 
brium, and  two  lateral  for  the  costal  cartilages  ;  the  second  cartilages  are  attached 
to  the  manubrium  and  depressed,  the  third  are  carried  forwards  with  the  body,  and 
the  second  intercostal  space  narrowed;  occasionally  the  head  and  neck  remain 
fiexed  upon  the  trunk,  and  attempts  to  rectify  this  produce  pain  and  dyspnoea. 

The  prognosis  is  serious,  from  the  complications  which  are  frequently  associated  with 
the  injury,  and  from  the  great  force  required  to  produce  it.  The  treatment  consists  in 
removing  the  displacement  by  direct  pressure,  or  by  position,  the  body  being  bent  back- 
wards with  a  pillow  under  the  back,  and  traction  made  in  opposite  directions,  above  on 
the  head  and  neck,  and  below  on  the  lower  ribs  and  pelvis,  or  more  simply  by  allowing 
the  head  to  hang  backwards  over  the  bed,  combined  with  deep  inspiratory  efforts  ; 
but  permanent  reduction  is  frequently  impossible. 

Of  the  pathological  variety,  Malgaigne  gives  three  cases  only.  They  possess  some 
degree  of  interest,  and  are  recorded  in  his  work  on  dislocations. 

Fracture  and  dislocation  of  the  ensiform  cartilage. — These  are  very  rare  injuries, 
although  they  have  been  regarded  in  early  times  as  a  presumptive  cause  of  obstinate 
vomiting ;  thus  Turner  1  remarks  that  the  cartilage  '  is  liable  to  depression  from 
external  violence,  by  wdiich  the  upper  orifice  of  the  stomach  is  compressed,  causing 
symptoms  of  vomiting,  convulsions,  and  gangrene  and  death,  unless  elevated,  and 
that  it  is  frequently  displaced  forwards.' 

Of  the  six  cases  referred  to  in  the  table,  p.  821,  one  was  an  instance  of  fracture, 
four  of  dislocation  backwards,  and  one  forwards.  Recovery  took  place  in  all,  in  one 
only  was  operative  interference  necessary. 

Dislocations  of  the  ribs.  1.  Costo-vertebral. — The  anatomical  arrangements  for 
this  important  articulation  would  tend  to  prove  that  it  would  be  almost  impossible 
to  luxate  the  head  of  the  rib  without  fracture  of  the  neighbouring  parts,  so  strong 
are  the  ligamentous  tissues  around.  Yet  it  does  appear  notwithstanding  that  luxa- 
tion has  been  effected  after  severe  violence.  However,  in  most  instances,  other 
complications  have  existed,  generally  fracture  of  the  spine  and  displaced  vertebrae. 
Ambrose  Pare  was  the  first  to  describe  these  dislocations,  and  to  arrange  them  in 
three  classes — upwards,  downwards,  and  forwards — in  which  classification  he  was 
followed  by  Barbette,2  Juncker,3  and  Heister.4  Platner5  observed  that  fracture 
rather  than  dislocation  usually  took  place,  and  that  the  head  of  the  rib  could  be  only 
dislocated  inwards,  not  easily  upwards  or  downwards,  and  never  outwards,  in  conse- 
quence of  the  transverse  process  of  the  vertebra. 

These  descriptions  were  theoretical,  and  had  no  foundation  in  experience  ;  and  the 
earliest  described  case  on  record  is  that  by  Buttet,  deiailed  in  a  memoir  on  th  e  subject,6 
in  which  he  rejects  as  chimerical  the  upward  and  downward  dislocations,  and  considers 
only  the  forward  variety  as  possible.  He  based  the  evidence  of  luxation  in  his  case 
(which  recovered)  upon  the  movement  of  the  rib  experienced  along  its  whole  length 
by  pressure  upon  its  anterior  extremity,  and  on  the  presence  of  a  very  distinct  and 


1  Art  of  Surgery,  1725. 
3  Conspect.  chir.  1730. 
s  Instit.  chir.  1745. 
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audible  sound  differing  from  the  crepitus  of  fracture.  The  correctness  of  the  diag- 
nosis has  been  doubted,  Boyer  considering  it  a  fracture  of  the  neck  of  the  rib.  No 
additional  experience  was  acquired  till  a  case  demonstrated  by  post-mortem  examina- 
tion was  published  by  Henkel,1  in  which  the  left  eleventh  rib  was  displaced  forward 
by  a  fall  into  a  ditch,  and  death  ensued  on  the  fifteenth  day  from  fractured  spine  and 
paraplegia.  Boudet 2  described  a  case  where  the  fourth  rib  was  luxated  forwards 
and  inwards  by  a  fall  of  ninety  feet,  with  fracture  of  the  transverse  process,  and 
laceration  of  the  lung,  and  Alcock  3  one  where  the  dislocation  implicated  two  ribs, 
resulted  from  the  fall  off  a  roof  on  to  the  back,  and  proved  fatal  on  the  fifteenth  day 
from  fracture  of  the  spine  and  paraplegia.  Kennedy 4  collected  four  cases  of  this 
accident  in  young  persons  aged  eleven,  fifteen,  seventeen,  and  twenty  years  re- 
spectively, and  all  produced  by  direct  violence  on  the  back  ;  two  were  fatal,  one 
immediately,  from  fractured  skull,  in  which  the  two  last  ribs  displaced,  and  one  on 
the  sixth  day  from  paraplegia,  with  complete  dislocation  of  the  tenth  and  incomplete 
of  the  eleventh  rib.  In  two  in  which  recovery  took  place,  a  depression  was  present 
over  the  heads  of  the  two  last  ribs,  and  on  making  pressure  anteriorly,  the  posterior 
end  was  made  to  move ;  the  deformity  subsequently  disappeared.  Bransby  Cooper 
refers  to  a  case  of  old  dislocation  in  which  the  rib  was  anchylosed  to  the  front  part  of 
the  corresponding  vertebrae.  A  case  of  luxation  of  the  left  seventh  rib  forward  was 
admitted  into  Guy's  Hospital,5  but  died  five  minutes  after  admission  from  fracture  of 
the  spine  and  other  injuries;  and  one  into  the  Middlesex  Hospital,  affecting  the  first 
rib,  which  proved  fatal  shortly  after  admission  from  fracture  of  the  skull. 

The  libs  most  commonly  involved,  according  to  Buttet,  are  the  lower  true  ribs, 
but  from  the  published  cases  5  occurred  in  the  lowest  ribs,  3  the  seventh  or 
eighth,  1  the  fourth,  and  1  the  first.  The  causes  must  necessarily  be  direct  violence 
over  a  small  amount  of  surface,  so  that  it  is  expended  upon  one  or  two  libs, 
thus  driving  the  heads  forwards  and  inwards ;  the  force  may  also  be  thrown  upon 
"the  angle  of  the  rib.  The  opposing  forces  must  be  powerful.  The  diagnosis  is 
difficult,  and  must  be  only  conjectural  :  thus  there  maybe  a  deep  depression,  but  this 
does  not  appear  to  be  always  present ;  and  it  may  be  overlooked,  for  there  is  great 
ecchymosis  and  swelling,  with  pain ;  there  may  be  mobility  of  the  rib  without 
crepitation. 

The  treatment  is  unsatisfactory,  and  the  recommendations  of  the  older  surgeons, 
such  as  suspending  the  patient  by  the  arm  to  a  door,  or  bending  the  trunk  forward 
over  a  cylindrical  body,  combined  with  pressure  on  the  ribs,  are  useless.  Kennedy 
used  a  compress  on  the  anterior  end  of  the  rib,  with  a  bandage.  If  the  dislocation 
affects  the  floating  ribs,  it  is  almost  impossible  to  effect  reduction. 

2.  C osto-chondral  dislocations  are  evidenced  by  the  prominence  of  the  rib  in  front  of 
its  corresponding  cartilage,  by  a  snapping  noise  when  pressed  upon,  and  by  the  absence 
of  bony  crepitus.  According  to  many  authorities,  these  are  cases  of  fracture  of  the 
costal  car  tilage  or  rib  close  to  the  articulation.  Saurel  was  unable  to  produce  them 
experimentally  on  the  cadaver,  but  Carbonell 6  has  demonstrated  it  post-mortem  in  a 
case  which  proved  fatal  froni  other  severe  injuries,  and  in  which  the  second,  third, 
and  fourth  ribs  were  dislocated  from  their  cartilages.  Malgaigne  has  collected  four 
examples,  but  regards  them  as  insufficient  to  attest  the  fact  of  the  dislocation.  In 
the  case  of  Chaussier  it  resulted  from  fits  of  coughing,  affected  a  single  rib  on  each 
side,  and  was  associated  with  consecutive  hernia  of  the  lung.  Those  of  Bouisson  and 
De  Kimpe  followed  direct  violence,  and  the  single  rib  which  was  displaced  was  readily 
reduced  and  retained  in  position  by  a  bandage.  Sir  Charles  Bell  also  briefly  recites 
a  case  in  which  all  the  ribs  were  luxated  upon  their  cartilages  by  compression  of  the 
chest  between  a  post  and  a  carriage.  They  are  not  of  much  importance,  and  require 
the  same  treatment,  reduction  and  maintenance,  as  for  fractures. 

3.  Chondro-sternal  dislocations. — These  injuries  are  more  common  than  the 

1  Gaz.  vied.  1834.  2  Bidl.  de  la  Soc.  oTAnat.  1839. 

3  Land.  Med.  Gaz.  1839. 

1  l)uh.  Med.  Journ.  1841,  vol.  v. ;  and  Cooper's  Diet.  vol.  i. 

5  Post-mortem  Record*,  1864,  No.  178.  6  Bull,  de  la  Soc.  d'Anat.  1865. 
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former,  and  either  occur  singly  or  as  a  complication  of  other  bony  lesions,  as  fractures 
of  the  sternum  or  ribs.  Saurel  has  succeeded  in  producing  it  on  the  dead  body,  but 
the  cartilage  was  invariably  depressed  behind  the  sternum.  Sir  C.  Bell  has  seen  it 
produced  by  violent  extension  of  the  arms  during  exercise  with  dumb-bells,  but 
found  it  difficult  to  replace  and  retain  by  a  compress  and  bandage.  Malgaigne  quotes 
three  cases  from  Ravaton,  Manzetti,  and  Monteggia,  in  all  of  which  the  cartilages 
were  displaced  forwards  from  traumatic  causes  ;  that  of  Manzetti  implicated  three 
ribs,  which  were  reduced  by  arching  the  spine  over  pillows  behind  the  back.  B. 
Cooper  saw  a  luxation  of  the  fifth  and  sixth  cartilages  in  a  weakly  baker's  boy  pro- 
duced by  the  constant  action  of  the  pectorals  in  kneading  bread  ;  and  other  cases  are 
recorded  by  Bennet  in  a  female  who  was  run  over,  and  in  whom  the  third  left  rib 
was  broken  in  two  places  and  dislocated  at  the  sternum,  and  by  Gross,  who  mentions 
that  he  has  seen  several  cases,  and  cites  one  of  a  man  in  whom  the  last  three  ribs 
were  dislocated  by  a  fall  from  a  scaffold  ;  whilst  Middeldorpf  considers  the  accident  of 
common  occurrence  during  youth,  when  the  ribs  are  more  yielding  and  the  carti- 
laginous connections  more  loo«e,  and  refers  to  two  cases — one  in  which  three  cartilages 
were  displaced  inwards,  and  reposition  was  found  impossible,  and  another  in  which  the 
second  right  rib  was  fractured  and  displaced  forwards  from  the  sternum.  This  luxa- 
tion is  accompanied  with  prominence  of  the  cartilage  and  pain,  and  may  be  attended 
with  severe  after-symptoms,  febrile  excitement,  apd  spitting  of  blood.  It  is  generally 
replaced  by  pressure,  aided  by  position  and  deep  inspiration,  and  maintained  by  a 
compress  or  a  moulded  splint. 

4.  Dislocation  of  cartilages  upon  each  other. — It  is  a  question  whether  these 
cases  were  not  fractures.  The  sixth,  seventh,  and  eighth  ordinarily  articulate  with 
each  other;  sometimes  the  fifth  and  sixth,  as  also  the  eighth  and  ninth  at  times. 
The  displacement  has  occurred,  in  all  those  cases  that  have  been  placed  on  record,  by 
muscular  effort,  and  its  perfect  and  permanent  reduction  is  difficult.  The  example 
recorded  by  Garengeot  1  happened  in  a  woman  during  an  effort  to  lift  up  a  child,  the 
accident  being  associated  with  severe  pai,n  to  the  left  of  the  xiphoid  cartilage,  separa- 
tion of  the  cartilages,  and  the  formation  of  a  prominence  under  the  skin  at  this  spot. 
Similarly  the  case  of  Martin  resulted  from,  an  attempt  to  prevent  a  fall  backwards  off 
a  chair;  it  was  associated  with  a  painful  cracking  and  a  swelling  and  elevation  over  the 
last  three  true  cartilages  on  the  right  side,  so  that  the  hand  could  be  passed  beneath 
them,  was  treated  with  a  compress,  and  binder,  and  recovered  with  deformity  at  the 
end  of  a  month.  Boyer  quotes  a  case  in  which  the  luxated  cartilages  were  dej)ressed  ; 
and  Malgaigne  gives  a  description  of  one  in  which  the  accident  had  happened  nine 
years  before  from  a  muscular  effort  with  a  lever,  and  in  which  the  seventh,  eighth, 
and  ninth  cartilages  were  depressed  below  the  sixth  and  tenth.  Reduction  is 
partially  effected  by  pressure  on  the  projection  during  an  act  of  inspiration. 

Contusions  of  the  parietes  are  sometimes  followed  by  inflammation,  suppuration, 
and  the  development  of  tumours  ;  these  subjects  are  treated  of  elsewhere. 

One  complication,  however,  requires  special  mention  in  this  place ;  it  is  that  of 
subpectoral  abscess,  or  diffused  suppuration  under  the  pectoral  muscles,  which  is 
generally  the  consequence  of  injury.  It  is  attended  with  severe  constitutional 
symptoms,  but  the  local  signs  are  very  obscure,  and  give  no  definite  indication  of  its 
existence ;  there  is  great  pain,  and  general  tumefaction  in  the  pectoral  region,  and 
no  evidence  of  fluctuation,  unless  the  pus  reaches  the  axilla,  when  its  presence  may 
be  detected.  Its  diagnosis  must  mainly  be  based  upon  the  constitutional  symptoms, 
viz.  severe  constitutional  irritation,  with  febrile  disturbance,  and  unmistakable  rigors  ; 
these,  with  marked  tumefaction,  fully  warrant  the  surgeon  in  making  an  exploratory 
incision  through  the  pectoral  muscles,  in  the  direction  of  their  fibres,  so  as  to  give 
an  exit  to  the  pus.  Free  opening  and  counter-opening  combined  with  antiseptic 
precautions,  effectual  drainage,  and  the  administration  of  tonics  and  good  diet, 
constitute  the  course  of  treatment  adapted  to  these  cases.  Another  form  of  suppu- 
ration which  has  of  late  years  attracted  attention,  and  which  is  occasionally  the 
result  of  simple  contusions,  wounds,  or  fractures,  merits  remark.    This  is  a  localised 

1  Mem.  del'Aaid.  Em/,  cfc  Chir.  t.  i.  1843. 
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INJURIES  OF  THE  CHEST. 


inflammation  and  suppuration  in  the  connective  tissue  between  the  costal  pleura 
and  the  rib,  first  described  by  Wunderlich  and  entitled  peripleuritic  or  retrocostal 
abscess.  It  forms  a  localised  fluctuating  swelling,  passing  out  between  the  ribs  and 
dilating  a  limited  number  of  intercostal  spaces,  and  has  to  be  distinguished  from  a 
pointing  empyema.  M.  Bartels  1  lias  formulated  the  distinctive  differences  between 
the  two  affections;  they  are  of  unfavourable  prognosis,  for  of  eight  cases  collected  by 
Bartels  four  died  and  two  were  still  unhealed,  and  required  for  treatment  free  incision 
for  evacuation  and  efficient  drainage. 

Periostitis,  necrosis,  and  caries  of  the  ribs  and  sternum,  do  not  require  special 
notice,  and  the  operation  of  resection  of  the  ribs  is  described  in  the  essay  on 
Excisions. 

Wounds  of  the  parietes  of  the  chest,  commonly  called  non-penetrating  wounds, 
include  the  several  varieties  of  incised,  punctured,  lacerated,  and  gunshot  wounds ; 
the  general  characters  of  which  are  described  in  the  essays  on  Wounds  and  Gun- 
shot Wounds.  Here  we  shall  merely  refer  to  certain  special  complications  of  the 
ordinary  incised,  punctured,  and  lacerated  wounds,  as  they  affect  the  surface  and 
tissues  of  the  chest. 

Superficial  wounds  involving  the  skin  and  cellular  tissue  of  the  chest  require 
little  comment.  When  of  the  incised  variety,  the  haemorrhage  is  trivial,  and  union 
frequently  ensues  by  first  intention  ;  but  it  is  otherwise  with  punctured  wounds, 
which  in  the  long  narrow  track  traversed  by  the  weapon  are  liable  to  lead  to  sub- 
cutaneous haemorrhage,  inflammation,  diffuse  or  local  suppuration,  and  end  in  the 
formation  of  sinuses,  which,  in  consequence  of  the  movements  of  the  arm  and  the 
acts  of  respiration,  are  difficult  to  manage. 

Deep  wounds  of  the  chest  wall  may  involve  the  muscles,  blood-vessels,  nerves,  or 
the  bony  or  cartilaginous  thorax.  Wounds  of  the  muscles  in  front  and  behind  the 
chest,  when  passing  across  their  fibres,  are  attended  with  very  great  separation,  and 
leave  a  large  gap,  in  consequence  of  the  power  and  extent  of  the  individual  muscle 
involved.  And  in  the  treatment  of  such  wounds,  the  function  of  the  divided  muscle 
must  be  borne  in  mind,  so  that  the  edges  may  be  approximated  as  closely  as  possible ; 
thus,  in  wounds  of  the  muscles  in  front  of  the  chest,  the  arm  must  be  drawn  for- 
wards, and  carried  inwards  towards  the  opposite,  and  maintained  in  this  position 
during  the  healing  of  the  wound  :  in  wounds  of  the  muscles  behind,  the  opposite 
course  is  to  be  pursued.  In  a  case  of  extensive  wound  of  the  latissimus  dorsi 
muscle,  and  in  a  case  of  wound  of  the  pectoralis  major,  M.  Petit  applied  several 
points  of  suture,  and  with  success :  but  sutures  through  muscular  tissue  are  in 
general  not  advisable,  unless  there  beaverylaige  flap;  and  when  employed,  they 
should  include  the  fascia  in  front  of  and  behind  the  muscle,  else  the  suture  will  tear 
away.  When  the  wovind  involves  the  tendinous  part  of  the  muscle,  sutures  may  be 
used  with  great  advantage.  These  wounds  are  not  unfrequently  protracted  in 
healing,  result  in  impairment  of  the  muscular  function  or  consecutive  atrophy,  and 
occasionally  in  adhesion  of  the  divided  ends  to  the  adjacent  structures.  Transverse 
wounds  of  the  intercostal  muscles  weaken  the  chest,  and  sometimes  permit  the  escape 
of  the  lung,  to  which  we  shall  refer  further  on. 

Wounds  of  the  thoracic  and  other  parietal  vessels  (excluding  the  intercostal  and 
internal  mammary)  partake  of  the  ordinary  characters  of  wounded  vessels  :  the  only 
peculiarity  in  respect  to  the  chest  is  in  reference  to  punctured  wounds,  as  in  stabs 
by  a  sword,  bayonet,  foil,  &c,  where  a  vessel  has  been  involved,  and  the  blood,  not 
being  able  to  escape  externally,  has  diffused  itself  under  the  muscles  in  the  loo^e 
cellular  tissue,  and  sometimes  to  a  very  great  extent. 

Hennen 2  speaks  of  injuries  to  the  infrascapular  arteries  as  liable  to  produce  most  ex- 
tensive subcutaneous  hseniorrh ape, '  filling  the  whole  subscapular  spaces  with  blood,  which 
makes  its  way  down  to  the  loins  by  infiltration  and  causes  there  deep  abscesses  and  even 
gangrene,'  and  state?  that  he  had  met  cases  in  which  the  blood  dissecting  up  the  muscles 
completely  bad  reached  as  low  as  the  sacrum,  producing  the  lumbar  eccbymosis  described 
by  Valentin  as  diagnostic  of  bajmo-thorax.    In  a  case,  by  the  same  author,  of  wound  of  the 


1  Deutsckes  Arch./.  Klin.  Chir.  1874. 
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suprascapular  artery  by  a  sabre,  death  followed,  and,  on  examination,  the  artery  was  found 
punctured  and  a  traumatic  aneurism  the  size  of  an  egg  developed  at  the  seat  of  puncture. 
Bonstetten  1  describes  a  case  of  wound  of  the  long-  thoracic  artery  from  a  wound  in  the  left 
axilla  by  a  knife.  The  haemorrhage,  which  was  severe,  ceased  spontaneously,  but  recurred 
on  the  eighth  day,  and,  the  wound  being  reopened,  the  artery  was  ligatured  behind  the 
pectoral,  with  complete  success.  Cases  of  secondary  haemorrhage  from  the  external  mammary 
with  fatal  result  are  described  as  occurring  in  the  American  war.  Important  veins  may 
also  be  reached  by  the  weapon,  as  in  a  case  in  which  the  cephalic  was  divided  by  a  stab 
just  below  the  clavicle  leading  to  thrombosis  and  a  fatal  result.2 

Ice  or  carefully  applied  compression  will,  in  the  simpler  cases,  be  sufficient  to 
arrest  the  hsemorrhage ;  but  where  one  of  the  larger  trunks  has  been  injured  or 
secondary  haemorrhage  ensues  threatening  the  life  of  the  patient,  the  case  must  be 
treated  according  to  the  rules  laid  clown  in  the  essay  on  Wounds  of  Arteries. 
Injuries  to  nerves  may,  according  to  Dupuytren,  explain  the  pain  which  not  un- 
frequently  complicates  punctured  wounds  of  the  chest,  whilst  dyspnoea,  fever,  and 
even  convulsive  movements  are  attributed  by  Boyer  to  the  same  cause. 

Wounds  involving  the  ribs,  costal  cartilages,  or  sternum,  require  immediate 
closure  of  the  wound,  and  the  ordinary  treatment  for  fractured  ribs.  Here,  how- 
ever, we  must  be  on  our  guard,  and  ascertain  whether  or  not  a  portion  of  the  weapon 
or  instrument  has  been  broken  off,  and  become  imbedded  in  the  lib  or  cartilage ;  an 
event  which  has  happened  once  or  twice.  In  general  the  piece  is  loose,  and  readily 
removed,  but  in  some  instances  it  has  been  found  fixed,  requiring  immense  force  to 
extract  it;  or  it  may  be  smooth  and  convex  on  its  surface,  such  as  a  bullet,  when 
difficulty  is  experienced  in  laying  hold  of  it.  Sometimes  the  pointed  instrument  may 
traverse  the  lib  and  appear  on  its  inner  side,  causing  a  penetrating  wound  of  the 
chest.  Foreign  bodies  may  also  lodge  in  the  soft  tissues  of  the  thorax,  and  even 
remain  passive  there  for  a  lengthened  period,  determining  no  inflammation,  occasion- 
ally travelling  slowly  to  other  parts  of  the  body  more  or  less  remote.  Needles,  one  of 
the  commonest  of  these  offending  substances,  have  been  extracted  years  after  their 
introduction,  producing  in  some  cases  sharp  pricking  pains  limiting  the  movement 
of  the  arm  and  inducing  liypera?sthesia  of  the  skin. 

A  curious  case  is  decribed  by  Luca,  in  which  thirty-two  sewing-needles  were  extracted 
from  beneath  the  skin  of  the  mammary  glands,  where  they  bad  been  introduced  with  the 
intention  of  inducing  sympathetic  action  on  the  part  of  the  impregnated  uterus  and  procuring 
abortion. 

Non-penetrating  wounds  may  be  attended  with  emphysema,  particularly  where 
they  involve  parts  possessing  loose  cellular  tissue,  such  as  the  axilla,  and  below  the 
large  chest  muscles.  This  is  much  less  common  than  supposed  and  is  denied  by  some 
authorities.  The  emphysema  rarely  attains  any  considerable  degree,  and  may  be  pre- 
vented altogether  or  be  hindered  from  extending  by  the  exact  closure  of  the  wound. 

II.  Injuries  and  Wounds  of  the  Contents  of  the  Chest. 

These  will  be  treated  of  under  two  separate  heads  :  first,  those  produced  by 
external  wounds,  commonly  called  penetrating ;  and  second,  those  caused  by  con- 
tusion, without  any  breach  of  the  external  surface. 

Respecting  penetrating  wounds,  these  will  be  best  considered  by  studying  them 
according  to  the  organ  or  structure  involved,  in  the  following  order.  1.  Wounds  of  the 
pleura  and  lungs,  with  their  attendant  complications ;  2.  Wounds  of  the  mediastina, 
pericardium.,  and  heart ;  3.  Wounds  of  the  intercostal,  internal  mammary,  and  large 
vessels  of  the  chest ;  4.  Wounds  of  the  oesophagus. 

1.  Wounds  of  the  pleura  and  hmcj  and  their  complications. — These  injuries  are 
usually  classified  as  simple  penetrating  wounds,  either  of  the  pleura  or  mediastinum, 
and  penetrating  wounds,  complicated  with  lesion  of  some  of  the  viscera  of  the  thorax  > 
as  the  lungs  or  heart.  Simple  penetrating  wounds  are  rare,  and  having  regard  to 
the  intimate  contact  which  exists  between  the  lung  and  the  wall  of  the  chest,  their 


1  Gaz.  de  Strasbourg ,  Ser.  iii.  t.  iv. 


2  Medical  Times  and  Gaz.  1873. 
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possibility  is  even  denied  by  some  authors.  There  are,  however,  sufficient  facts,  both 
clinical  and  experimental,  to  prove  that  this  injury  does  now  and  then  take  place 
not  only  in  incised,  but1  even  in  gunshot  wounds.  Kbnig  1  believes  that  they  are 
more  common  than,  is  generally  supposed,  and  that,  on  account  of  the  slight  symptoms 
they  excite,  they  frequently  escape  detection  ;  the  rapidity  with  which  the  lung 
collapses  when  air  is  admitted  into  the  pleural  cavity  being  highly  favourable  to 
their  occurrence.  He  considers  that  two  conditions  conduce  to  this  injury — the  kind 
of  weapon,  and  the  character  of  the  force  employed;  if  the  weapon  be  sharp,  and 
completely  hll  the  wound,  and  the  force  rapid  and  direct,  the  lung  will  be  probably 
unable  to'  escape ;  whilst  if  the  blow  be  less  energetic,  the  weapon  more  blunt,  filling 
the  wound  less  completely,  and  allowing  the  entrance  of  air  by  its  side,  then  the 
reverse  may  happen — the  lung  suddenly  collapses  and  remains  uninjured.  Such  a 
result,  according  to  Legouest,2  can  only  occur  at  the  lower  part  of  the  chest,  which 
is  incompletely  filled  by  the  lung  during  expiration  and  where  both  surfaces  of  the 
pleura  are  in  contact.  Clinical  evidence  in  support  of  the  injury  is  afforded  by  the 
rare  cases  of  prolapse  of  uninjured  lung  or  omentum  through  a  wound  in  the 
thoracic  wall. 

The  immediate  questions  for  elucidation  in  all  wounds  of  the  thorax  are,  firstly, 
is  the  wound  a  penetrating  one?  and,  secondly,  is  it  simple  or  complicated  by  injury 
to  the  viscera  1 

The  recognition  of  the  fact  of  penetration  is  difficult.  Where  the  wound  is  large 
and  the  lung  distinctly  visible,  the  nature  of  the  injury  is  palpable  enough;  bub 
these  wounds  in  general  are  not  so  extensive,  owing  to  the  protection  of  the  ribs  ; 
hence  we  must  rely  upon  other  diagnostic  marks.  1st.  Deductions  drawn  from  the 
weapon  used,  with  the  attending  external  circumstances;  these  will  comprise  the 
consideration  of  the  varied  forms  of  penetrating  instruments,  the  extent  of  the  blood- 
stain upon  the  blade,  the  size  of  the  wound  compared  with  the  breadth  of  the  blade, 
the  respective  positions  of  the  injured  person  and  the  aggressor  at  the  time  of  the 
infliction  of  the  wound,  the  mode  and  direction  in  which  the  weapon  was  thrust,  &c. 
These  points  are  by  no  means  decisive,  and  are  often  doubtful ;  for  the  blade  may 
have  two  cutting  edges,  and  then  the  wound  will  be  larger ;  the  bayonet  or  sword- 
thrust  may  glance  off  the  ribs  and  pass  a  long  distance  under  the  skin,  without 
entering  the  chest — thus  cases  are  related  in  which  a  sword  has  passed  from  the 
right  to  the  left  of  the  chest  without  penetrating  the  cavity  ;  again,  the  position  of 
the  combatants  is  often  inaccurately  stated.  2nd.  Exploration  by  means  of  the 
finger,  probe,  sound,  or  other  instruments.  Were  this  to  be  permitted,  and  a  careful 
and  minute  examination  made  by  the  introduction  of  the  finger  into  the  wound,  an 
easy  diagno.vis  would  at  once  be  realised  :  but  in  wounds  of  the  chest,  as  in  wounds  of 
the  abdomen,  all  manipulative  examination  is  to  be  denounced  as  perfectly  unwarrant- 
able, being  attended  with  highly  dangerous  results,  by  disturbing  nature's  efforts  to 
effect  a  repair,  disarranging  the  clot,  and  exciting  irritation  and  inflammation  ;  a 
proceeding  tending  only  to  gratify  curiosity,  without  the  slightest  benefit  to  the 
patient.  The  same  remarks  apply  to  the  injecting  of  fluids  into  the  wound,  which 
is  to  be  considered  as  a  relic  of  barber-surgery,  and  is  wisely  expunged  froui  all 
modern  works.  3rd.  Another  mischievous  and  meddlesome  proposition  is  the 
following,  viz.  the  closing  of  the  external  wound,  and  then  directing  the  patient  to 
take  a  deep  inspiration,  when  he  is  to  hold  his  breath  so  as  to  close  his  glottis ;  and 
then  to  make  an  effort  to  expire,  at  the  same  time  that  the  surgeon  re  opens  the 
wound  and  holds  a  lighted  candle  close  to  it  :  should  the  wound  have  penetrated  the 
lung,  air  will  be  driven  out  through  the  opening  and  blow  the  flame  of  the  candle  to 
one  side.  This  must  always  be  regarded  as  a  dangerous  and  hazardous  experiment ; 
and  even  if  justifiable,  it  is  not  conclusive  evidence,  for  in  many  cases  of  penetrating 
wounds  of  the  lungs,  there  are  several  circumstances  which  may  prevent  the  escape 
of  air  from  the  organ.  4th.  Certain  symptoms  or  complications  of  the  injury  itself: 
(a)  traumatopnea,  the  passage  of  air  to  and  fro  through  the  external  wound  caused  by 
the  aspiiatory  force  of  the  movements  of  the  thorax  and  accompanied  by  an  audible 

1  Archiv  d.  Heilk.  vol.  v.  1SU4.  -  TraitS  de  Chlr.  d'Armee,  1863. 
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hissing  or  gurgling  sound ;  this  is  pathognomonic  of  penetration  with  or  without 
injury  to  the  lung,  but  it  occurs  too  rarely  to  give  it  much  prominence  as  a  diagnostic 
sign,  e.g.  Fraser  noted  it  twice  in  nine  fatal  cases  where  the  lung  was  wounded,  and 
once  in  seven  fatal  cases  where  the  lung  was  unwounded :  (b)  pneumo-thorax  occurring 
when  the  wound  is  oblique  and  valvular,  so  that  the  air  admitted  cannot  escape, 
although  its  absence  does  not  exclude  penetration,  for  it  disappears  rapidly  by  absorp- 
tion when  the  air  is  not  renewed  :  (c)  emphysema  in  the  neighbourhood  of  the  wound 
is  almost  invariably  associated  with  penetration,  and  is  very  rarely  the  result  of  aspira- 
tion into  the  soft  parts  without  a  pleural  injury  ;  when  the  lung  is  unwounded  it 
never  attains  a  very  high  degree.  5th.  The  absence  of  haemoptysis  is  by  no  means 
a  sufficient  test  that  the  pleural  cavity  only  has  been  penetrated.  Haemoptysis, 
although  usually  a  symptom  of  injured  lung,  may  take  place  in  non-penetrating 
wounds,  and  even  in  injuries  of  the  lung  it  may  be  absent. 

Thus,  then,  there  are  no  absolute  signs  upon  which  we  can  decide ;  therefore  in 
the  prognosis,  which  must  be  guarded,  and  must  always  be  considered  unfavourable 
for  at  least  four  or  five  days,  the  possibility  of  penetration  must  be  taken  into  account. 

The  primary  complications  which  may  ensue  in  this  class  of  injuries  are,  emphy- 
sema, pneumo-thorax,  hernia  of  the  lung,  haemo-thorax,  and  the  presence  of  foreign 
bodies  in  the  wound  or  cavity.  The  secondary,  or  subsequent,  complications  are, — 
pneumonia,  pleurisy,  hydro-thorax,  empyema,  fistulous  openings,  contraction  of  the 
side  of  the  chest,  he.    These  will  be  alluded  to  in  their  appropriate  place. 

The  treatment  will  differ  but  little  from  that  laid  down  in  non-penetrating 
wounds,  viz.  the  removal  of  foreign  bodies,  the  arrest  of  haemorrhage,  the  immediate 
closure  of  the  external  wound,  and  strictly  enforcing  the  recumbent  position  until 
the  period  of  danger  has  passed  over.  The  patient  must  be  kept  on  low  diet,  and  be 
carefully  watched  in  the  interim,  and  the  slightest  indication  of  any  untoward 
symptom  is  to  be  treated  with  energy,  according  to  the  instructions  given  further  on. 

A  rare  complication  of  a  penetrating  wound  of  the  chest  is  the  escape  of  its 
contents  through  the  opening,  constituting  a  hernia  of  the  lung.  There  are  four 
varieties  :  the  traumatic,  consecutive,  spontaneous,  and  congenital ;  the  two  latter 
do  not,  however,  come  within  the  scope  of  this  article.  The  traumatic  variety, 
usually  entitled  prolapse  of  the  lung,  occurs  immediately  at  the  moment  or  shortly 
after  the  infliction  of  the  wound ;  whilst  the  consecutive  takes  place  after  its  cicatri- 
sation from  yielding  of  the  tissues  filling  the  gap  and  is  usually  designated  by  the 
term  pneumocele. 

The  mechanism  of  their  production  has  been  most  commonly  explained  on  the 
theory  of  sudden  forced  expiratory  effort.  According  to  Cloquet 1  they  result  from  a 
strong  expiratory  effort ;  whilst  the  glottis  is  closed  simultaneously  with  a  blow  on  the 
chest,  the  compressed  lung,  reacting  by  its  elasticity  against  the  wall  of  the  thorax, 
tends  to  escape  at  the  spot  of  least  resistance.  Morel  Lavallee 2  accepts  the  same  ex- 
planation, except  that  he  assumes  the  open  glottis  to  offer  a  resistance  to  the  rapid 
emptying  of  air  from  the  lung  which  consequently  reacts  against  the  thorax.  Malgaigne  3 
advances  a  different  interpretation  and  holds  it  clue  to  the  air  from  the  sound  lung 
passing  during  a  sudden  forced  expiration  with  closed  glottis  into  the  bronchi  of  the 
injured  organ  expanding  this  and  forcing  it  out  through  the  external  wound  ;  whilst 
Bech  4  believes  the  accident,  on  the  other  hand,  to  happen  at  a  moment  of  deepest 
inspiration  when  the  lung  is  in  most  complete  contact  with  the  chest  wall,  or  after 
completed  inspiration,  at  the  commencement  of  expiration,  when  this  is  interrupted 
by  coughing  by  which  the  still  expanded  lung  is  pressed  powerfully  against  the  wall 
of  the  thorax.  Agnus  attributes  some  influence  to  certain  anatomical  peculiarities, 
such  as  deep  fissures. 

The  most  frequent  situation  for  the  occurrence  of  this  accident  is  one  of  the  lower 
intercostal  spaces  at  the  anterior  or  lateral  regions  of  the  chest  and  occasionally  just 
below  the  nipple  in  front.  These  localities  are  more  exposed  to  injury  and  correspond 
to  the  more  mobile  parts  of  the  lungs,  and  particularly  to  their  free  margins,  which 


1  Now.  Journ.  de  Med.  1810. 
3  Traite  cFAnat.  1859,  vol.  ii. 


2  Mem.  de  la  Soc.  de  C/iir.  1847,  vol.  i. 
4  Memorabilien,  vol.  xxiii.  187'J. 
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are  most  prone  to  escape  through  a  wound.  The  size  of  the  protrusion  varies  from  a 
small  marble  to  a  cricket  ball,  and  forms  a  more  or  less  globular  mass  covered  by  its 
own  pleura  and  having  no  investing  sac. 

The  protrusion  usually  occurs  immediately  after  the  wound,  in  most  cases  follow- 
ing the  withdrawal  of  the  weapon;  a  few  instances  have  occurred  in  which  the  pro- 
trusion has  taken  place  a  short  time  after  the  infliction  of  the  wound,  as  in  a  case 
referred  to  by  Larrey  in  which  it  happened  during  a  fall  whilst  the  patient  was 
being  conveyed  to  the  ambulance.  The  accompanying  symptoms  are  indefinite ;  occa- 
sionally, as  in  Larrey 's  case,  sharp  pain  and  later  haemoptysis,  cough  and  dyspnoea  may 
exist  ;  on  the  other  hand  there  may  be  a  complete  absence  of  general  symptoms. 
At  first  the  prolapse  is  of  normal  colour,  and,  with  its  base  tightly  constricted  ;  it 
gradually  becomes  congested,  swollen,  and  finally  gangrenous,  and  sloughs  off.  This 
is  not,  however,  the  usual  course;  in  a  large  number  of  instances,  from  exposure 
to  the  atmosphere,  the  prolapse  shrinks,  becomes  dry,  and  carnified,  and  covered 
with  granulations,  gradually  diminishes  in  size,  and  becoming  smaller  and 
smaller,  finally  cicatrises  over ;  in  some  severe  cases  it  has  been  known  to  return 
spontaneously  into  the  cavity  of  the  thorax.  The  wound  through  which  it  passes  is 
usually  small  and  of  the  punctured  or  incised  variety  and  the  extruded  lung  unin- 
jured, although  a  wound  of  the  lung  offers  no  obstacle  to  its  prolapse.  Anger  shows 
the  possibility  of  this  by  experiments  on  animals,  and  the  cases  of  Roscius  and 
Angelo  confirm  it,  the  wounded  lung  in  the  former  case  (which  protruded  through 
the  fifth  space)  being  excised.  There  is  little  difficulty  in  diagnosis,  although  a  pro- 
lapse of  the  omentum  through  the  wall  of  the  thorax  may  be  mistaken  for  a  prolapse 
of  the  lung,  especially  if  a  short  interval  has  intervened,  an  error  which  happened  in 
the  case  of  Ruysch.'  Instances  of  this  rare  accident  are  reported  by  Berthe,  Veyron- 
Lacroix,  and  Dieu,  the  latter  recommending  that  the  prolapsed  omentum  should  not 
be  reduced  on  account  of  the  danger  of  leaving  it  lodged  within  the  cavity  of  the 
thorax,  with  a  communication  between  the  pleural  cavity  and  the  external  atmosphere. 
Such  protrusions  are  to  be  discriminated  from  prolapse  of  the  lung  by  their  soft, 
fatty,  reddish,  and  irregular  feel  and  appearance  and  by  the  absence  of  crepitation. 

The  prognosis  on  prolapse  of  the  lung  is  generally  favourable  ;  the  majority 
of  cases  recovering.  The  methods  of  treatment  employed  have  been — immediate  re- 
duction, the  ligature,  excision,  or  non-interference.  All  these  measures  have  been 
severally  and  successfully  tried  ;  thus,  Rollande  cut  the  prolapse  off,  and  powdered 
the  surface  with  astringents,  and  with  success ;  Tulpius  tied  the  pedicle,  and 
excised  the  remainder  ;  Fabricius  relates  a  case  in  which  the  hernia  was  cauterised 
with  the  hot  iron,  and  a  recovery  effected ;  and  Ruysch  details  one  in  which  a 
ligature  was  applied,  and  the  mass  allowed  to  slough  off,  with  favourable  results. 
Reduction  of  the  prolapse,  especially  when  this  is  seen  at  an  early  period,  has  been 
generally  recommended,  and  the  wound  enlarged  if  it  offered  any  obstacle  to  the 
return  of  the  lung.  Very  few  such  cases  are  on  record.  Angelo  employed  this  treat- 
ment in  one  instance  and  Polaillon  in  a  case  which  proved  fatal  from  other  complica- 
tions, whilst  in  the  two  fatal  cases  out  of  the  fourteen  collected  by  Cauvy  the  prolapse 
had  been  first  excised  and  then  reduced.  It  is  obvious  that  this  treatment  exposes 
the  patient  to  all  the  dangers  of  an  open  penetrating  wound  of  the  chest  by  allow- 
ing the  access  of  air  to,  and  by  the  accumulation  and  decomposition  of  blood  in, 
the  pleural  sac,  unless  the  external  wound  be  immediately  united ;  complications 
which  ai*e  unlikely  when  the  prolapse  is  left  in  situ  to  plug  the  pleural  wound,  and 
to  seal  it  by  contracting  adhesions.  More  commonly  the  protrusion  is  treated  either 
by  the  application  of  a  ligature  to  its  base,  or  by  leaving  it  to  shrink,  granulate,  and 
cicatrise  without  interference.  In  the  former  case  the  prolapse  may  be  permitted  to 
slough  oft",  or,  to  facilitate  its  separation,  may  be  excised  after  a  ligature  has  been 
applied  ;  a  procedure  preferred  by  Cauvy,  who  mentions  a  case  in  which  cicatrisation 
was  complete  by  the  twenty-eighth  day.  Guthrie  recommends  that  it  should 
be  allowed  to  remain,  and  says  that  three  cases  after  Waterloo,  which  were  not 
interfered  with,  terminated  favourably ;  and  more  recently  Bech  advocates  non- 

1  Obs.  Anat.  Chir.  Med.  1691. 
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intervention  and  refers  to  two  eases  in  his  own  practice  in  which  the  prolapse  receded 
by  degrees  until  it  became  level  with  the  surrounding  parts,  finally  cicatrising  and 
disappearing. 

An  immediate  hernia  of  the  lung  may  take  place  without  a.ny  external  wound,  and  is 
sometimes  observed  in  rare  cases  of  extensive  comminuted  fractures  of  the  ribs.  A 
fatal  case  of  this  kind  is  quoted  by  Hamilton,  as  occurring  in  a  man  who  was 
crashed  by  the  fall  of  a  heavy  weight,  and  who  died  at  the  end  of  sixty  hours. 
After  death  a  fracture  of  the  third  and  fourth  cartilages  was  found,  with  a  laceration 
of  the  intercostal  muscles  to  such  an  extent  as  to  allow  a  protrusion  of  the  lung,  the 
size  of  a  fist.  Hernia  of  the  l  ight  upper  and  middle  lobe  under  the  skin  also  occurred 
in  a  case  reported  by  Weiss,  where  the  third,  fourth,  and  fifth  ribs  were  separated 
from  their  cartilages,  and  depressed  by  the  horn  of  an  ox ;  it  was  readily  reducible 
and  did  not  reappear  after  the  third  day. 

The  consecutive  variety  is  a  hernial  protrusion  which  occurs  after  the  external  wound 
has  closed,  or  results  from  a  subcutaneous  injury  weakening  the  thoracic  wall,  as  by 
causing  rupture  of  the  intercostal  muscles.  Velpeau  records  the  case  of  a  man,  aged 
29,  who  received  a  sword-thrust  at  the  inner  side  of,  and  a  little  below,  the  left 
nipple ;  he  lost  much  blood,  but  had  no  haemoptysis ;  the  wound  healed  in  six  weeks, 
and  in  three  months  and  a  half  after  the  injury  he  was  admitted  into  the  hospital 
with  prolapse  of  the  lung  ;  the  latter  was  found  fixed  in  its  present  position,  and  was 
therefore  left  alone.  In  this  class  of  cases  the  lung  is  covered  by  integument,  and  the 
development  and  progress  of  the  protrusion  are  very  slow ;  in  exceptional  cases  it 
appears  rapidly  or  suddenly,  and  may  sometimes  attain  a  considerable  size.  It  occurs 
most  commonly  in  males — for,  according  to  Desfosses,1  out  of  14  cases  13  were  males 
and  1  a  female — and  usually  in  adults.  The  signs  of  this  occurrence  will  be,  the 
appearance  of  a  soft  tumour,  which  is  more  or  less  circumscribed,  elastic,  and  indo- 
lent ;  the  integuments  covering  it  are  perfectly  natural,  and  without  any  change  of 
colour.  The  swelling  moves  simultaneously  with  respiration,  expanding  in  expira- 
tion and  diminishing  in  inspiration ;  it  enlarges  equally  at  all  points  during  coughing ; 
and  if  respiration  be  suspended  for  some  time,  the  tumour  disappears.  On  manipu- 
lation it  crepitates  and  imparts  an  impulse  on  coughing,  and  the  depression  in  the 
parietes  can  be  readily  felt.  The  resonance  is  superficial,  and  on  auscultation,  the 
respiratory  murmur  is  louder  than  normal,  and  with  forced  expiration  accompanied 
by  adventitious  sounds  such  as  fine  crepitation.  Occasionally  it  produces  some  degree 
of  pain  and  oppression,  with  cough.  The  diagnosis  has  to  be  made  from  abscesses, 
aneurisms  and  empyema,  and  the  prognosis  is  not  serious,  the  affection  being  occa- 
sionally cured  if  treated  early.  The  treatment  consists  in  reducing  the  hernia  and 
keeping  it  reduced ;  if  irreducible  it  must  be  protected  from  external  injury  and  pre- 
vented enlarging  by  carefully  adjusted  pads  and  bandages,  or  by  the  application  of  a 
hollow  padded  truss,  whilst  the  patient  must  abstain  from  forcible  effort  and  severe 
exertion. 

A  wound  of  the  lung  may  be  superficial  or  deep  ;  and  when  arising  from  external 
wound,  it  maybe  either  of  the  incised,  punctured,  lacerated,  or  gimshot  variety; 
but  when  produced  by  fractured  ribs,  it  is  generally  of  the  lacerated  kind.  The 
incised  wounds  are  the  most  dangerous,  as  they  almost  always  give  rise  to  imme- 
diate haemorrhage  and  escape  of  air ;  the  lacerated  wounds  are  next  in  severity,  on 
account  of  the  retractility  of  the  lung-tissue  ;  punctured  wounds,  such  as  are  caused 
by  a  stab,  are  the  simplest  form  and  offer  a  more  favourable  prognosis ; — gunshot 
wounds  have  been  specially  considered  in  the  essay  on  Gunshot  Injuries. 

Three  conditions  generally  take  place  when  the  lung  is  wounded — the  escape  of 
blood  or  haemorrhage,  the  escape  of  air  from  division  of  the  air-vesicles  or  tubes,  and 
a  more  or  less  collapsed  state  of  the  organ.  The  escape  of  blood  may  take  place  into 
the  parenchyma  of  the  lung,  causing  ccchymosis,  or  a  kind  of  pulmonary  apoplexy,  and 
this  is  generally  met  with  in  superficial  wounds,  and  in  the  punctured  variety  ;  it  may 
escape  into  the  air-tube,  and  be  coughed  up  with  the  sputa,  constituting  haemoptysis ; 
it  may  pass  through  the  parietal  wound  externally;  or  it  may  flow  freely  into  the 
1  De  la  Hernie  du  Puumun.    These,  1875. 
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cavity  of  the  pleura,  producing  hsemo-thorax.  The  air  may  likewise  find  its  way 
into  each  of  the  above  situations,  viz.  into  the  lung-tissue,  causing  lobular  emphy' 
sema,  as  observed  in  punctured  wounds,  into  the  bronchi,  mixing  with  the  blood 
and  sputa,  and  forming  a  mixture  of  a  frothy  red  character ;  into  the  pleural 
cavity,  inducing  pneumo-thorax ;  or  it  may  escape  externally  through  the  parietal 
wound,  but  more  generally  it  becomes  diffused  into  the  subcutaneous  cellular  tissue, 
producing  more  or  less  extensive  emphysema.  The  collapse  of  the  lung  may  or  may 
not  take  place,  and  this  will  depend  a  good  deal  upon  the  antecedent  circumstances  : 
where  a  lung  has  become  adherent  from  old  pleuritic  adhesions,  no  collapse  will  ensue, 
nor  any  escape  of  air  or  blood  into  the  pleura ;  hence  a  favourable  issue  will  be  expected. 

Collapse  of  the  lung  is  not  an  invariable  sequence  of  an  opening  made  into  the  pleural 
cavity,  even  when  the  lung  is  free  from  adhesions.  Houston  opened  the  thorax  in  dogs  and 
the  lung  did  not  collapse,  and  Hewson  failed  to  obtain  it  in  his  experiments.  Dolbeau, 
through  an  opening  half  an  inch  long  in  the  pleura  of  an  animal,  saw  the  lung  still  applied 
to  the  inner  surface  of  the  thoracic  wall  and  only  separate  from  this  when  depressed  by  a 
blunt  instrument ;  a  circumstance  which  has  been  explained  by  the  physical  adhesion  exist- 
ing between  the  two  slightly  moistened  pleural  surfaces.  In  some  of  Smith's  experiments  1 
collapse  failed  to  take  place  or  only  occurred  by  the  movement  of  gliding  along  the  vertebral 
column,  without  separation  of  the  lung  from  the  wall ;  and  this  observer  was  also  led  to 
conclude  that  collapse  was  most  frequent  when  the  opening  is  in  the  vicinity  of  the  margin  of 
the  lobe.  Clinically  collapse,  although  producing  serious  symptoms  of  dyspnoea  and  shock, 
is  nevertheless  favourable  to  the  recovery  of  the  wound  in  the  lung  ;  a  fact  recognised  by  J. 
Bell,  who  remarks  that  '  the  collapsed  state  of  the  lung,  while  it  is  a  cause  of  distress,  is  at 
the  same  time  a  chief  means  of  safety,'  preventing  the  escape  of  air  and  blood  and  predis- 
posing to  more  rapid  union  of  the  surfaces  of  the  wound  which  are  thus  brought  into  contact. 

The  repair  of  a  wounded  lung  takes  place  either  by  primary  union  or  by  inflam- 
mation, the  former  occurring  more  frequently  than  was  previously  suspected.  The 
evidence  of  most  authors  on  military  surgery  amply  confirms  this,  so  that  many 
wounds  that  would  have  formerly  been  explained  by  deflection,  or  considered  as 
circumferential,  may  now  with  greater  probability  be  assumed  to  be  instances  of 
penetration  of  the  lung,  followed  by  immediate  union  in  the  track  of  the  wound. 

Nelaton  mentions  a  case  which  proved  fatal  on  the  fifth  day  and  where  there  was  exact 
and  immediate  coaptation  on  the  wound  in  the  lung.  Klebs  3  states  that  out  of  twenty  post- 
mortem examinations,  in  only  one  was  there  any  development  of  pneumonia  around  the 
wound,  and  Socin,3  from  examination  of  many  cases,  was  astonished  to  see  how  perfect  even 
long  shot  canals  through  the  lung  could  heal,  supposing  no  foreign  body  were  present,  and 
had  no  doubt  that  many  such  healed  by  primary  union.  In  a  series  of  experiments  made  on 
the  lower  animals  Kdnig 4  obtained  uniform  results  in  the  repair  and  closureof  lung  and  pleural 
wounds.  This  was  effected  primarily  by  extravasation  of  blood  into  the  wound  of  the  lung 
tissue  immediately  adjacent,  and  later  by  the  adhesive  inflammatory  process  leading  to 
localised  exudation  of  lymph,  covering  the  surface  of  the  wound,  and  uniting  the  contiguous 
pleural  surfaces  ;  in  time  the  blood  and  lymph  were  replaced  by  connective  tissue,  the  pleural 
adhesion  disappeared,  and  the  situation  of  the  injury  became  finally  represented  by  a  fine 
lung  and  pleural  scar.  These  inflammatory  processes  were  strictly  limited  to  the  locality  of 
the  wound  and  only  exceptionally  became  diffused  over  a  wider  area  in  the  lung  or  pleura. 
Trousseau  obtained  similar  results  in  his  experiments  on  horses,  the  wound  becoming  sealed 
by  a  fibrinous  clot  even  as  early  as  half  an  hour  after  infliction,  and  later  by  plastic  inflam- 
matory exudation  from  the  lips  of  the  wound  and  adjacent  pleura  plugging  the  wound  and 
causing  adhesion  of  the  pleura.  The  inflammation  which  is  necessary  to  repair  is  thus 
limited  in  extent,  and,  according  to  Socin,  the  hepatised  layer  around  the  track  of  a  gunshot 
wound  in  many  cases  did  not  exceed  two  or  three  millimetres  in  diameter,  obliterating  the 
adjoining  air  vesicles  and  bronchi  and  isolating  the  wound  from  the  rest  of  the  lung,  whilst 
the  localised  pleural  adhesions  separated  it  from  the  general  pleural  cavity.  Hadlieh  5  shows, 
from  microscopical  examination  of  these  injuries  in  the  lower  animals,  that  the  inflammation 
that  follows  is  characterised  by  desquamation  and  proliferation  of  the  alveolar  epithelium,  and 
a  small  round-celled  chiefly  interstitial  infiltration  in  and  around  the  wound ;  clusters 
of  cells,  apparently  wandering  cells,  develop  in  the  clot  of  effused  blood,  and  become  con- 
verted into  scar  tissue,  which  subsequently  resembles  the  normal  tissue  by  the  development 
of  air  spaces  lined  by  epithelium.  Inflammation  of  a  croupous  type  was  never  found,  and  in 
general  it  had  no  progressive  tendency. 


1  Neiv  York  Med.  Record,  1868.  2  lieitr.  z.  Pathol.  Anat  d.  Schussw.  1872. 

3  Kriegschirurg.  Erfahrungen,  1872.        4  Archio  d.  Heilkunde)  18G4. 
5  Archio  f.  Klin.  Chir.  Bd.  xxiii. 
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In  rarer  cases,  particularly  in  infected  wounds,  the  reactive  inflammation  of  the 
lung  is  more  severe,  involving  the  whole  of  one  lobe  or  even  the  entire  lung,  and  in 
the  most  intense  degree  proceeding  to  suppuration  or  gangrene. 

The  symptoms  of  a  wounded  lung,  excluding  the  primary  and  secondary  complica- 
tions (viz.  emphysema,  pneumo-thorax,  hsemo-thorax,  pleurisy,  pneumonia,  etc.),  are 
the  following  : — 1.  The  escape  of  blood  and  air  through  the  external  wound,  of  a  pale 
red  and  frothy  character ;  this  symptom  will  be  a  strong  presumptive  evidence,  but  its 
absence  by  no  means  indicates  that  the  lung  is  not  wounded  :  there  may  be  an 
influx  and  efflux  of  this  frothy  blood  during  inspiration  and  expiration,  shoidd  the 
wound  in  the  lung  be  opposed  to  the  external  one.  2.  The  issue  of  blood  mixed 
with  air  and  mucus  from  the  mouth  during  the  efforts  of  coughing;  and  this  is 
always  to  be  regarded  as  a  dangerous  sign,  for  bleeding  is  generally  abundant  in 
severe  wounds  of  the  lung,  and  in  such  wounds,  the  complete  expulsion  of  the  blood 
being  impossible,  it  accumulates  in  the  tubes,  producing  a  choking  sensation,  and 
may  suffocate  the  patient.  3.  A  deeply  fixed  pain  in  the  chest,  and  a  considerable 
degree  of  irritation  and  tickling  in  the  larynx,  inducing  a  constant  desire  to  cough. 
4.  Dyspnoea  and  difficulty  in  respiration,  owing  to  partial  collapse  of  the  lung,  or 
pressure  upon  its  structure. 

The  constitutional  symptoms  are,  in  the  first  instance  on  receipt  of  the  injury, 
those  of  collapse,  arising  either  from  shock  or  great  loss  of  blood,  or  nervous  anxiety 
and  agitation;  the  shock  in  some  instances  proving  rapidly  fatal.  As  these  subside, 
inflammatory  reaction  may  follow,  or  the  wound  may  heal  with  complete  freedom 
from  constitutional  disturbance. 

The  diagnosis  frequently  presents  great  difficulties,  and  several  cases  are  on 
record  where  such  wounds  have  excited  no  objective  symptoms,  either  haemoptysis, 
dyspnoea,  emphysema,  or  pneumo-thorax.  Fraser  1  has  shown  how  little  reliance  is 
to  be  placed  on  individual  symptoms  for  diagnosis,  even  on  those  supposed  to  be 
most  characteristic,  such  as  haemoptysis,  which  occurred  once  in  9  fatal  cases  of 
penetration  with  wound  of  the  lung,  and  twice  in  7  fatal  cases  where  no  wound  of 
the  lung  existed ;  or  dyspnoea  which  was  present  in  only  7  out  of  2 1  cases  of  fatal 
lung  wound ;  or  traumatopncea  noted  twice  in  9  fatal  cases  with  wound  and  once  in 
7  fatal  cases  without  a  wound  of  the  lung ;  in  the  American  War 2  the  latter 
symptom  was  noticed  49  times  in  8,715  penetrating  wounds.  A  combination  of 
these  symptoms,  such  as  the  escape  of  frothy  blood  by  the  mouth  and  external 
wound,  with  rapidly  increasing  hsemo-thorax  and  dyspnoea,  is  sufficient,  however,  to 
establish  the  diagnosis. 

Dollinger 3  records  a  case  of  gunshot  wound  of  the  chest,  in  which  an  examination  of  the 
sputa  proved  a  valuable  means  of  diagnosis  where  other  symptoms  were  wanting.  On  the 
third  day,  in  the  blood-stained  mucous  expectoration,  a  dark  blue  cotton  thread  was  found 
by  the  microscope  similar  to  those  in  the  coat  worn  by  the  patient  at  the  time  of  the  injury ; 
and  later,  the  abundant  sputa  contained  fine  dark  blue  or  black  pigment  particles  in  the 
protoplasm  of  the  cells  chiefly  constituting  it. 

The  prognosis  of  a  wounded  lung  when  unattended  by  dangerous  complication  is 
grave,  although  not  unfavourable;  but  such  wounds  when  complicated  may  prove  fatal 
from  haemorrhage,  asphyxia  or  subsequent  inflammation,  suppuration,  pyemia,  or  sep- 
ticaemia. Considerable  diversity  of  opinion  and  statement  exists  as  to  the  general 
mortality  of  chest  wounds,  and  this  is  variously  estimated  by  authorities ;  Otis 
found  that  out  of  a  total  of  1,609  cases  including  gunshot  wounds,  65  per  cent, 
died. 

The  local  treatment  will  consist  in  airesting  any  haemorrhage  from  the  superficial 
vessels,  in  removing  all  extraneous  bodies,  and  in  closing  the  external  wound  as 
quickly  as  possible,  so  as  to  prevent  air  being  drawn  into  the  chest ;  and  then  con- 
fining the  chest  to  a  state  of  repose  by  carefully-applied  strips  of  adhesive  plaster, 
extending  from  the  spine  to  the  sternum.  The  starch  and  plaster  qf  Paris  bandages 
have  also  been  utilised  for  immobilising  the  chest- wall,  particularly  in  gunshot  wounds. 

1  Treatise  on  Penetrating  Wounds  of  the  Chest,  1859. 

2  Otis,  Surgical  History  of  the  War  of  the  Rebellion,  1870. 

3  Med.-Chir.  Presse,  Bd,  xiii. 
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The  external  application  of  ice  to  the  chest  has  been  used  in  severe  haemoptysis, 
and  with  the  best  effects.  The  constitutional  measures  will  comprise  the  adoption 
of  such  remedies  as  are  appropriate  for  the  particular  stage  in  which  the  patient  is 
found  :  thus  in  the  stage  of  collapse  it  is  not  desirable  to  interfere,  for  collajise  is  the 
means  by  which  haemorrhage  is  restrained,  by  allowing  coagulation  to  take  place  in 
the  divided  vessels.  The  patient  should  be  left  in  the  position  in  which  he  is  found, 
or  be  carefully  carried  to  some  more  convenient  locality ;  the  room  or  place  should 
be  cool,  and  every  measure  tending  to  prevent  haemorrhage  should  be  adopted. 
Certain  drugs  and  general  medicinal  remedies  have  been  recommended  and  em- 
ployed at  various  times  by  different  authorities.  The  most  valuable  of  these  is 
opium  when  administered  judiciously ;  but  the  efficacy  of  many  others  that  have 
received  trial — digitalis,  aconite,  calomel,  tartar  emetic,  sal-ammoniac — is  question- 
able. Astringents  internally  are  frequently  necessary  to  a.ssist  in  arresting  haemorrhage, 
and  among  the  most  potent  are  the  inhalation  of  turpentine,  ergot,  gallic  and  sul- 
phuric acids,  and  acetate  of  lead  with  opium.  Total  abstinence  from  food  and 
exciting  drinks  must  be  enjoined  for  the  first  few  days ;  and  the  internal  exhibition 
of  ice  and  cold  diluents  is  acceptable. 

The  use  of  the  lancet,  and  its  power  to  stay  haemorrhage  and  prevent  subsequent 
inflammation,  has  been  one  of  the  most  vexed  points  in  the  general  treatment. 
Formerly  held  as  absolutely  indispensable  for  these  purposes,  and  its  employment 
carried  to  an  almost  incredible  excess,  it  has  now  almost  completely  fallen  into  dis- 
use. Its  antiphlogistic  powers  are  questionable,  in  most  cases  it  is  unnecessary, 
and  in  some  positively  harmful  by  depleting  the  system  unnecessarily  and  inducing  a 
condition  of  asthenia  and  loss  of  recuperative  power  ;  if  employed,  its  use  should  be 
limited,  to  relieve  that  oppression  of  respiration  and  engorgement  of  the  lungs  which 
is  liable  to  follow  injuries  of  these  viscera ;  or  in  some  very  rare  cases,  with  the  object 
of  inducing  sudden  syncope  to  stop  an  internal  hcemorrhage,  which  is  otherwise  un- 
controllable and  threatens  to  prove  fatal. 

The  following  complications,  although  generally  associated  with  wounds  of  the 
lung,  may  occur  from  other  causes.  We  have  had  occasion  to  mention  these  compli- 
cations incidentally,  but  shall  now  describe  each  separately. 

a.  Emphysema,  or  the  infiltration  of  air  into  the  subcutaneous  cellular  tissue, 
when  occurring  in  the  region  of  the  chest,  may  be  due  to  one  of  four  conditions  :  the 
first  and  by  far  the  most  frequent  form  arises  from  fracture  of  the  ribs,  where  the 
broken  bone  has  penetrated  the  pleura  and  entered  the  lung,  allowing  air  to  escape  : 
the  second,  from  penetrating  wounds  of  the  lungs  or  bronchi ;  where  on  inspiration  the 
air  received  into  the  lung  escapes  from  its  wounded  part  into  the  chest,  and  on 
expiration  is  forced  out  through  the  external  wound,  diffusing  itself  in  the  cellular 
tissue ;  if  the  external  opening  be  large  and  directly  corresponding  to  that  in  the 
lung,  no  emphysema  may  take  place,  but  in  oblique  and  punctured  wounds  it  is 
almost  always  present,  and  increases  during  every  successive  act  of  respiration  :  the 
third,  from  penetrating  wounds  of  the  pleura  without  any  lesion  of  the  lung,  where 
the  air  enters  from  the  exterior  during  each  inspiration,  and  on  being  forced  out 
again  at  expiration,  cannot  entirely  escape,  but  diffuses  itself  under  the  integument : 
the  fourth,  and  rarer  form  proceeds  from  rupture  of  the  air  cells  or  tubes  without 
any  exter  nal  wound  or  fracture ;  and  we  may  here  include  those  cases  where  the 
rupture  occurs  near  the  root  of  the  lung,  in  which  the  air  makes  its  way  into  the 
mediastinum,  travels  up  through  the  superior  opening  of  the  chest  into  the  cellular 
tissue  of  the  neck,  and  then  diffuses  itself  over  the  body. 

Its  production  takes  place  in  one  of  two  ways :  either  in  the  manner  suggested  by  Petit, 
in  17:23,  who  considered  it  consecutive  to  and  associated  with  pneumo-thorax,  the  air  being 
driven  out  of  the  pleural  cavity  into  the  subcutaneous  cellular  tissue  by  forced  expiration  ; 
or  through  the  medium  of  pleural  adhesions  alonp  which  the  air  from  the  wounded  lung 
passes  directly  into  the  subcutaneous  tissues  without  entering  the  pleural  cavity.  Its 
variations  in  degree  and  amount  have  been  explained  by  Bezard,1  who  arrived  at  his  con- 
clusions from  experimental  evidence.    Firstly,  when  no  adhesions  are  present,  the  extension 


1  Itechet'ches  sur  RMknphjpaein.  1608. 
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of  the  emphysema  mainly  depends  on  the  size  of  the  lung  wound — if  this  be  large,  the  efflux 
of  air  is  continuous  and  the  emphysema  increases  rapidly  ;  if  small,  it  is  readily  closed  by  the 
collapse  of  the  lung,  the  escape  of  air  ceases,  the  lung  gradually  becomes  re-expanded  by  the 
expired  air  from  the  opposite  lung,  and  the  air  expelled  from  the  pleura  into  the  cellular 
tissues  produces  an  emphysema  of  limited  extent.  Secondly,  when  adhesions  exist,  these 
either  simply  limit  or  localise  the  pneumo-thorax,  or,  if  they  correspond  to  the  wound  in  the 
lung,  conduct  the  air  directly  from  this  organ  into  the  cellular  tissue,  and,  inasmuch  as  they 
prevent  the  collapse  of  the  lung,  air  continues  to  escape  until  the  wound  is  closed  by  acoagu- 
lum,  or  inflammatory  exudation  ;  the  emphysema  thus  attains  a  high  degree. 

The  symptoms  of  emphysema  consist  of  a  swelling  of  the  integument,  commenc- 
ing at  the  seat  of  mischief,  and  gradually  and  progressively  increasing  in  all  direc- 
tions, the  skin  remaining  of  a  perfectly  natural  colour  ;  this  swelling  has  a  peculiar 
and  distinctive  character,  which  renders  its  diagnosis  easy,  viz.  a  crepitating  and 
crackling  feel  under  pressure,  by  some  compared  to  the  feeling  of  a  dry  bladder  half 
filled  with  air — it  is  elastic,  but  the  air  may  be  made  to  change  its  situation  by 
digital  pressure ;  it  speedily  returns,  however,  on  removal  of  the  finger,  and  is  thus 
unlike  oedema  and  anasarca,  which  pit  on  pressure,  and  remain  so  for  some  time  : 
there  is  no  attending  pain.  It  may  become  generalised  all  over  the  body  except  in 
the  palms  of  the  hands,  soles  of  the  feet,  and  scalp,  as  in  the  celebrated  case  of  Littre, 
where  the  swelling  produced  by  it  was  eleven  inches  in  thickness  on  the  chest  and 
nine  inches  on  the  abdomen.  Such  extensive  emphysema  is  very  rare,  collapse  of  the 
wounded  lung  and  the  occlusion  of  its  wound  by  extra vasation  of  blood,  usually  prevent- 
ing its  increase.  Emphysema  is  rare  in  those  cases  where  the  external  wound  is  large 
and  free  as  in  gunshot  injuries  ;  Fraser  saw  it  seven  times  in  51  cases  of  penetration, 
and  Hennen  says  that  it  does  not  occur  more  than  once  in  50  cases.  Constitutional 
symptoms  are  absent  except  in  the  extreme  cases,  when  by  exciting  pressure  on  the 
thorax  and  its  contents,  interfering  with  the  action  of  the  respiratory  muscles,  and 
intensifying  the  effects  of  the  existing  injury,  it  may  lead  to  increased  difficulty  of 
breathing,  orthopncea,  and  later  to  obstruction  to  the  circulation,  as  exhibited 
by  the  livid  red,  swollen,  and  suffused  countenance,  the  weak,  contracted,  and 
afterwards  irregular  pulse,  and  cold  extremities ;  if  not  relieved,  death  occurs  by 
suffocation. 

The  prognosis  is  in  general  very  favourable,  except  in  cases  of  extensive  wounds. 

The  local  treatment  will  in  some  measure  depend  upon  the  nature  of  the  cause  : 
thus  in  emphysema  from  fractured  ribs,  a  question  arises  whether'  or  not  a  bandage 
or  strapping  should  be  applied. 

Abernethy  1  speaks  in  favour  of  this  practice  :  '  Pressure  by  bandage  not  only  hinders  the 
air  from  diffusing  itself  through  the  cellular  substance,  but  serves  to  prevent  it  from  escaping 
out  of  the  wounded  lung,  and  of  course  facilitates  the  healing  of  the  wound,  which  would  be 
prevented  by  the  constant  transmission  of  air.  Samuel  Cooper,2  on  the  other  hand,  remarks  : 
'  When  emphysema  is  complicated  with  a  fractured  rib,  the  latter  injury  is  unquestionably 
a  reason  in  favour  of  a  bandage.  But  whether  the  pressure  of  the  roller  will  be  useful  or 
hurtful  with  respect  to  the  emphysema  itself,  or  the  state  of  lungs  and  respiration,  may  be 
questionable.  As  for  its  tendency  to  resist  the  diffusion  of  air  in  the  cellular  tissue,  this  cir- 
cumstance does  not  appear  to  me  important,  because  the  air  thus  diffused,  much  as  it  dis- 
figures the  patient,  is  nearly  harmless.'  '  Neither  will  a  bandage  have  so  much  effect  in 
hindering  the  diffusion  of  air  as  scarifications ;  with  this  importaut  additional  consideration, 
that  punctures,  or  small  incisions  made  over  the  broken  rib,  prevent  the  spreading  of  the  air, 
by  letting  it  escape,  while  a  bandage  can  only  do  so  by  more  or  less  resisting  its  escape  from 
the  cavity  of  the  pleura,  which  mode  of  operation  in  some  cases  would  dangerously  interfere 
with  the  continuation  of  respiration  by  the  lung  of  the  opposite  side.' 

It  appears  best  to  be  guided  in  this  respect  by  the  patient's  sensations.  If 
moderately  firm  pressure  on  the  injured  part  of  the  chest  with  the  hands  affords 
relief  to  the  breathing,  it  will  be  right  to  make  trial  of  the  bandage  ;  but  if  this 
appears  to  increase  the  pain  or  the  dyspnoea,  its  use  must  be  abandoned.  Vogt 
recommends  the  use  of  the  elastic  bandage,  by  which  the  cellular  meshes  are  com- 
pressed and  extension  prevented ;  it  should  be  applied  sufficiently  firmly  to  effect 
this,  but  not  so  tightly  as  to  interfere  with  the  respiration.  Larrey  recommended 
long  and  deep  incisions,  Hunter  short  and  superficial  punctures  to  permit  the  escape 


1  Surgical  Works,  vol.  ii.  p.  179. 


3  Surgical  Dictionary,  7th  ed.  p.  489. 
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of  the  effused  air ;  but  in  general  these  are  not  requisite,  and  should  form  the  excep- 
tion rather  than  the  rule,  to  be  employed  when  the  air  has  diffused  itself  over  a 
great  extent  of  surface,  and  not  to  be  performed  over  the  fractured  bone  if  it  can  be 
avoided.  Where  emphysema  is  due  to  the  external  air  being  drawn  in  through  a 
wound  during  respiration,  the  treatment  will  be  to  force  out  again  as  much  air  as 
possible,  and  to  close  the  wound.  Where  it  is  due  to  penetrating  wounds  of  the 
lung,  is  the  external  wound  to  be  closed  or  left  open?  Both  plans  are  liable  to 
objection  ;  thus,  if  the  wound  be  closed,  there  is  no  direct  vent  for  the  air  to  escape, 
and  the  effusion  continues  to  extend  more  rapidly ;  and,  on  the  other  hand,  if  the 
wound  be  left  open,  the  external  air  may  be  drawn  in  and  increase  the  mischief. 

Larrey's1  celebrated  case  well  exemplifies  the  efficacy  of  restoring  the  parallelism 
between  the  internal  and  external  wounds  in  cases  of  widespread  emphysema;  the  injury,  an 
oblique  lance  wound  below  the  scapula,  had,  after  being  closed  externally,  produced  such 
an  emphysema  of  the  entire  body,  that  the  limbs  were  inflexible,  the  mouth  and  eyes 
closed,  and  the  pulse  and  respiration  hardly  perceptible.  Larrey  removed  the  dressings  and 
rendered  the  wounds  parallel  by  a  bistoury ;  and  by  the  aid  of  scarifications  and  incisions  the 
patient  recovered. 

b.  Pneumo-thorax  is  the  presence  of  air  in  the  cavity  of  the  pleura,  to  which  it  finds 
access  either  by  an  external  wound,  or  by  a  wound  of  the  lung,  or  by  both  channels ; 
it  rarely  occurs  alone,  but  is  usually  associated  with  the  presence  of  emphysema  or 
haimo-thorax,  and  depends  upon  the  aspiration  of  air  by  the  movements  of  respiration 
into  the  space  left  by  the  retraction  of  the  lung  from  the  chest-wall,  after  the  virtual 
vacuum  of  the  pleura  has  been  opened  by  an  injury  of  the  chest-wall  or  lung. 

The  presence  of  adhesions  limits  or  prevents  this  inherent  power  of  retraction  ;  and 
consequently  the  pneumo  thorax,  in  these  cases,  is  either  partial  or  absent  altogether. 
Its  degree  when  it  follows  as  a  result  of  an  external  wound  is  never  alarming,  the  air, 
so  long  as  the  wound  remains  patent,  entering  and  escaping  with  freedom ;  and 
becoming  rapidly  absorbed  or  producing  subcutaneous  emphysema  when  the  wound 
is  closed.  As  a  result  of  an  injury  to  the  lung  it  may  assume  more  formidable  propor- 
tions, if  the  conditions  of  the  wound  are  such  as  to  defer  its  closure;  the  air  continues 
to  escape  into  the  pleural  sac,  to  accumulate  there,  and  especially  when  combined 
with  blood,  or  serous  effusions,  to  exercise  a  dangerous  interference  with  the  respira- 
tory function  of  the  opposite  lung  demanding  active  interference.  Cases  in  which 
both  pleurae  are  opened  and  double  pneumo-thorax  exists  are  frequently,  although 
not  always,  fatal  from  the  collapse  of  both  lungs.  Air  when  effused  into  the  pleural 
cavity  or  into  the  subcutaneous  tissues  Ins  no  injurious  influence  on  the  serous 
membrane,  for  Wintrich  has  injected  air  and  other  gases  into  the  pleura  of  animals, 
and  Senfft  blown  air  into  that  of  dogs,  closing  the  wound  antiseptically,  without 
exciting  inflammation.  The  air  quickly  absorbs,  and  it  is  only  when  it  continues  to 
pass  and  remain  in  contact  with  the  pleura  for  a  lengthened  period  that  inflammation, 
hydro-  or  pyo-pneumo-thorax,  is  induced. 

The  symptoms  of  pneumo-thorax  are  thpse  of  pressure  on  the  thoracic  viscera 
producing  urgent  and  excessive  dyspnoea  or  orthopnoea,  and  in  extreme  degrees, 
displacement  of  organs,  as  the  heart,  diaphragm,  &c.  There  is  frequently  a  sense  of 
constriction  at  the  base  of  the  thorax,  effacement  of  the  intercostal  spaces  and  uni- 
lateral distension  of  the  thorax  ;  the  resonance  is  tympanitic,  becoming  less  so  as  the 
pressure  increases ;  the  vesicular  murmur  is  distant,  absent,  or  amphoric  in  type ; 
and  in  those  cases  where  fluid  is  present  as  in  ha>mo-  or  pyo-pneumo-thorax.  there 
is  dulness  at  the  base,  metallic  tinkling,  and  occasionally  succussion  sounds.  If  the 
lung  be  wounded,  coarse  crepitant  or  gurgling  rales  are  to  be  heard.  The  prognosis 
depends  upon  the  cause  and  amount  of  the  pneumo-thorax,  its  innocuity  or  otherwise 
in  the  pleural  cavity,  and  the  extent  and  severity  of  the  injury  to  the  lung, 

The  treatment  of  the  slighter  degrees  is  left  to  nature  ;  but  in  the  severer  cases, 
where  life  is  threatened,  surgical  interference  is  necessary.  Some  of  the  older 
surgeons,  Abernefliy,  J.  Bell,  Thipuytren,  recommended  and  practised  opening  the 
chest  by  an  incision  jn  an  intercostal  space  to  allow  the  air  to  escape,  and  Bell  and 

1  Mem.  de  Chir.  militairc,  t.  IV. 
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Abernethy  employed  a  suction  syringe  for  its  removal ;  Legouest  retained  a  valvular 
cannula  in  the  chest  until  the  wound  in  the  lung  had  cicatrised,  and  Smith  advises 
that  the  collapsed  lung  should  be  inflated  from  the  opposite  side  by  first  closing  the 
external  wound,  and  taking  a  deep  inspiration,  then  uncovering  the  wound,  forcing 
the  air  out  from  the  pleural  cavity  by  a  strong  expiratory  effort,  and  continuing  this 
until  the  air  is  removed,  and  the  lung  expanded,  when  the  wound  is  closed  perma- 
nently. These  are  dangerous  procedures,  and  should  the  pressure  of  the  air  demand 
treatment,  the  use  of  a  fine  trocar  or  the  aspirator  would  be  more  judicious,  as 
instanced  by  the  following  case  : — 

A  child,  13  years  old,  was  run  over  by  a  cab,  and  was  admitted  with  urgent  dyspnoea, 
with  quick  and  feehle  pulse,  blue  lips,  and  cold  and  livid  surface ;  the  left  side  of  the  chest 
became  tympanitic,  an  inch  and  a  quarter  greater  than  the  opposite  side,  the  heart  displaced 
downwards  and  to  the  rig-lit,  and  the  respiration  greatly  oppressed.  Puncture  was  made  by  a 
fine  trocar  and  cannula  between  the  fifth  and  sixth  rib.  Air  escaped  with  a  hiss,  the  breathing 
immediately  improved,  and  the  heart  gradually  regained  its  normal  position.  A  pad  was  placed 
over  the  opening,  in  ten  minutes  the  boy  was  asleep,  and  he  subsequently  had  no  pain,  dyspnoea, 
or  other  bad  symptoms  up  till  the  time  of  his  discharge.1 

c.  Ihemo-thorax  is  haemorrhage  into  the  cavity  of  the  pleura.  This  may  be 
derived  from  the  heart,  large  vessels,  lungs,  intercostals,  or  internal  mammary  vessels, 
or  in  unexceptional  cases  from  other  vessels  in  the  neighbourhood,  as  in  a  case  by 
Polaillon,2  in  which  the  fatal  haemorrhage  was  due  to  a  wound  of  one  of  the  phrenic 
veins. 

When  the  bleeding  proceeds  from  the  lungs,  it  is  always  associated  with  some 
degree  of  pneumo- thorax,  and  like  the  latter  maybe  limited  by  the  presence  of  adhesions. 
In  amount  and  rapidity  of  formation  it  varies  according  to  the  vessel  implicated  and 
the  extent  of  the  wound,  from  a  few  ounces  to  complete  distension  of  the  pleural 
cavity  with  some  pounds  of  blood.  As  soon  as  extravasation  occurs,  the  blood 
undergoes  certain  changes,  an  acquaintance  with  which  is  of  importance  as  concerns 
the  treatment  of  hsemo-thoi-ax. 

The  experiments  of  Trousseau  and  Leblanc 3  on  haemo-thorax  produced  artificially  in 
horses  proved  that  blood  effused  into  the  pleura  coagulated  so  rapidly  that  when  the  inter- 
costal artery  was  divided  and  allowed  to  bleed  into  the  pleura,  and  a  counter-opening  made 
into  the  chest,  hardly  a  drop  of  blood  flowed  from  the  latter;  and  that  coagulation  always 
occurred  within  a  few  minutes  after  the  extravasation.  Such  a  fact  would  tend  to  demon- 
strate the  inutility  of  opening  the  pleural  cavity  with  a  view  to  evacuate  fluid  blood  shortly 
after  its  effusion,  although  such  a  practice  may  be  of  service  when  the  serum  has  separated 
from  the  clot,  or  when,  by  exciting  pleural  inflammation,  it  has  led  to  pleural  effusion. 
The  same  experiments  also  showed  that  the  haemorrhage  had  little  tendencv  to  excite  in- 
flammation unless  freely  mixed  with  air,  and  that  it  underwent  absorption  with  extraordinary 
rapidity. 

Nelaton,4  in  some  of  his  more  recent  experiments,  finds  that  the  behaviour  of  the  effused 
blood  depends  on  its  amount.  It  coagulates  immediately  and  completely,  and  separates  into 
two  portions,  clot  and  serosity.  If  the  effusion  be  not  very  abundant,  the  serum  is  absorbed 
by  the  third  or  fourth  day,  and  if  inflammation  supervene,  it  remains  localised  to  the  region 
round  the  clot,  serving  to  encyst  it ;  if  the  effusion  be  excessive,  inflammation  ensues  before 
the  absorption  of  the  serum,  which  then  undergoes  change,  and  gives  rise  to  severe  symptoms. 
The  symptoms  and  progress  differ  greatly  in  the  two  class  of  cases,  in  the  former  favourable, 
in  the  latter  grave. 

Where  the  blood  is  effused  immediately  and  in  large  quantities,  there  will  be  all 
the  signs  of  internal  haemorrhage,  and  death  speedily  ensues,  owing  to  the  immense 
loss  of  blood,  and  suffocation  from  pressure  on  the  lungs.  These  signs  are,  great 
oppression  and  uneasiness,  restlessness,  and  sitting  up  in  bed,  with  the  body  bent 
forwards;  the  countenance  and  surface  become  deadly  pale  and  cold,  and  this  is 
followed  soon  by  syncope  and  utter  prostration,  the  patient  lying  almost  motionless 
in  bed,  with  the  legs  drawn  up,  and  an  occasional  heaving  of  the  chest :  with 
dilated  pupils  and  glassy  eye,  clammy  perspiration,  and  weak  fiutteiing  pulse. 

1  Curling,  Med.  Times  and  Gazette,  1867,  p.  59. 

2  Mem.  de  la  Son.  de.  Chir.  1878. 

3  Journ.  de  Med.  veterin.  1834;  and  Clin.  Med.  Led.  xxxiii. 

4  Des  Epancltements  du  Sam/  des  Plewes,  1880. 
Vol.  I.  3  H 
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When  the  effusion  takes  place  slowly,  recovery  may  be  anticipated,  and  the 
symptoms  are  both  rational  and  physical ;  the  rational  are,  firstly,  the  symptoms 
peculiar  to  all  abundant  haemorrhages,  such  as  syncope,  vertigo,  paleness,  &c.  ;  and, 
secondly,  the  functional  disturbance  of  respiration,  such  as  dyspnoea,  short  and 
hurried  breathing,  continual  agitation  and  change  of  position.  These  symptoms  are 
by  no  means  conclusive,  as  they  may  be  present  without  any  effusion  in  the  chest ; 
and,  on  the  other  hand,  patients  may  die  of  effusion  of  blood  in  the  chest,  without 
any  serious  impediment  to  the  respiration. 

The  physical  signs,  which  are  more  to  be  relied  upon,  are  enlargement  of  one  side 
of  the  thorax,  with  bulging  of  the  intercostal  spaces  and  separation  and  diminished 
mobility  of  the  ribs  ;  a  variable,  rapidly  increasing,  and  occasionally  shifting  dulness 
over  the  lower  part  of  the  chest  and  increased  resonance  above  ;  absence  of  respiratory 
murmur  and  vocal  resonance  over  the  dull  area  ;  succussion  either  felt  by  the  patient 
or  produced  by  the  surgeon  ;  and,  lastly,  the  lumbar  ecchymosis  of  Valentin,  described 
as  occurring  two  or  three  days  after  the  injury,  extending  from  the  angles  of  the  false 
ribs  towards  the  quadratus  lumborum  muscle,  of  a  deep  violet  colour,  and  due  to 
transudation  of  blood  from  the  pleural  cavity.  Larrey  considered  it  a  pathognomonic 
sign,  and  Lanceroe,  deceived  by  its  absence,  declined  to  perform  paracentesis  in  a  case 
where  a  pint  of  blood  was  found  to  be  present  in  the  chest.  It  is,  however,  a  most 
exceptional  symptom,  and  is  of  little  practical  service. 

Where  the  large  vessels  of  the  root  of  the  lung  are  involved,  the  haemorrhage  proves 
rapidly  fatal.  This  is  the  case  even  in  vessels  of  the  second  order  near  their  origin. 
When  poured  out  with  less  rapidity,  a  fatal  result  may  ensue  from  the  haemorrhage  or 
from  compression  of  the  thoracic  viscera  by  the  collection  of  blood.  The  subsequent 
course  in  cases  which  recover  from  the  immediate  effect  of  the  accident  depends  on  the 
changes  that  take  place  in  the  effusion.  Trousseau  has  in  his  experiments  shown  how 
rapidly  Wood  may  become  absorbed  in  simple  haemothorax  ;  but  where  the  blood  is 
mixed  with  air,  introduced  by  an  external  wound,  decomposition  of  the  clot  is  liable 
to  ensue,  with  acute  septic  inflammation,  and  all  its  consequent  dangers  ;  occasionally 
the  effusion  perforates  a  bronchus. 

The  diagnosis  is  not  difficult  when  the  case  is  seen  early.  The  rapidly  increasing 
dulness,  combined  with  the  symptoms  of  internal  haemorrhage,  are  sufficient  for 
recognition  ;  but  at  a  later  period  it  is  difficult  to  distinguish  from  hydro-thorax.  The 
surgeon  is  rarely  in  a  position  to  determine  the  source  of  the  haemorrhage,  unless  the 
wound  be  large  and  the  parts  visible. 

The  treatment  of  haeino-thorax,  when  unassociated  with  any  external  wound,  if  it 
does  not  rapidly  terminate  fatally,  must  be  the  treatment  of  internal  haemorrhage 
generally,  ice  to  the  wall  of  the  chest,  astringents,  elevated  position  ;  when  a  wound  is 
present  the  line  of  treatment  is  more  difficult.  The  majority  of  authorities  recommend 
immediate  and  exact  closure  of  the  external  wound,  so  as  to  allow  the  effused  blood 
to  coagulate,  and  thus  form  a  plug  against  further  haemorrhage ;  the  effusion  may 
prove  to  be  inconsiderable,  and,  provided  no  air  has  decomposed  the  blood,  and  there 
be  only  slight  subsequent  inflammation,  the  whole  may  become  absorbed.  Should, 
however,  the  effusion  increase,  and  cause  the  above-named  symptoms,  the  wound 
must  be  reopened  to  permit  the  escape  of  the  accumulated  blood  ;  if  this  does  not 
relieve  the  urgent  symptoms,  and  the  haemorrhage  continues,  the  wound  should  be 
again  reclosed,  the  patient  placed  on  the  wounded  side,  and  the  trunk  elevated.  Some 
surgeons,  as  J.  Bell,  Pare,  &c,  recommended  the  external  wound  to  be  kept  open  and 
dependent ;  others,  as  Hunter,  preferred  enlarging  the  wound,  or  performing  the 
operation  for  empyema  ;  Duret  succeeded  in  stopping  the  haemorrhage  by  opening 
the  wound,  admitting  air,  and  allowing  the  lung  to  collapse. 

Nelaton  formulates  the  following  rules  for  treatment  :  if  the  symptoms  subside 
after  closing  the  wound,  no  interference  is  necessary,  unless  signs  of  inflammation 
appear  between  the  eighth  and  twelfth  days,  when  they  may  be  treated  by  blistering 
and  local  bleeding;  if  the  oppression  of  respiration  and  fever,  instead  of  diminishing, 
are  stationar  y  or  increase,  it  becomes  necessary  to  evacuate  the  fluid,  by  a  very  small 
opening,  when  it  consists  of  sanguinolent  serum,  or  by  a  free  dependent  opening 
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when  the  effused  fluid  has  become  altered,  purulent  and  fetid,  so  as  to  effect  the 
removal  of  the  decomposing  blood-clot  by  frequent  injection. 

d.  Penetrating  wounds  of  the  chest,  complicated  with  the  presence  of  foreign 
bodies,  are  always  to  be  considered  dangerous,  inasmuch  as  they  may  set  up  inflam- 
mation and  its  consequences;  in  rare  instances,  however,  especially  if  the  substance 
be  small,  such  as  a  bullet,  it  may  become  encysted,  and  remain  quiescent  for  years. 

In  explanation  of  this  widely  different  result,  it  has  been  assumed  that  the  severe  inflam- 
matory complications  proceed  not  from  the  presence  of  the  foreign  body,  but  are  rather  due 
to  the  action  of  the  septic  and  putrefactive  germs  introduced  with  it ;  and,  in  support  of  this 
view,  Konig,  by  carefully  purifying'  the  foreign  substance  before  introduction,  has  succeeded  in 
healing  in  the  pleura  and  lungs  of  animals  such  objects  as  needles,  knife-blades,  balls,  &c. 
The  inflammation  which  followed  these  experiments  was  limited  to  the  formation  of  a  con- 
nective-tissue capsule  around  the  foreign  body,  which  thus  remained  without  reaction  in  the 
substance  of  the  organ.  In  a  similar  way  fragments  of  fractured  rib,  when  unassociated  with 
an  external  wound,  have  remained  embedded  for  years  in  the  tissue  of  the  lung.  On  the 
other  hand,  balls,  portions  of  clothing,  and  similar  substances  entering  the  thorax  through  an 
external  wound  of  considerable  size,  which  remains  patent,  are  most  frequently  the  source 
of  suppuration,  which  soon  acquires  a  septic  cbaiacter,  from  the  germs  of  putrefaction 
introduced  by  the  foreign  body,  and  leads  to  circumscribed  sloughing  of  tissue  in  the 
lung,  with  diffuse  inflammation,  or  to  an  encapsuled  or  diffuse  septic  empyema. 

The  foreign  body  may  be  lodged  in  the  parietes,  or  it  may  enter  the  pleural  cavity 
and  fall  upon  the  diaphragm;  or,  again,  it  may  pass  into  the  pericardium  ;  generally, 
however,  foreign  bodies  enter  the  lungs  or  heart. 

When  the  foreign  body  is  lodged  in  the  parietes,  it  must  he  extracted  forthwith  ;  but 
some  difficulty  may  be  experienced,  as  in  a  case  of  Gerard's1  of  a  man,  aged  27,  who  was 
struck  very  violently  with  a  knife  on  the  outer  part  of  the  fourth  true  rib.  The  weapon 
penetrated  the  rib,  projected  into  the  thorax,  and  was  so  fixed  that  it  could  not  be  extracted 
with  any  kind  of  forceps.  Gerard  succeeded  in  pushing  it  out  by  the  finger  introduced  into 
the  thorax,  and  arm^d  with  an  iron  thimble ;  this  procedure  is  hardly  desirable  to  follow,  for, 
as  Vidal  remarks,  there  is  great  risk  of  the  thimble  coming  off  and  fallina'  into  the  thorax  on 
the  withdrawal  of  the  finger.  Malle,  in  1843,  trepanned  the  fifth  rib,  in  which  the  blade 
of  a  knife  was  impacted,  and  recovery  ensued. 

Foreign  bodies,  such  as  projectiles,  fragments  of  clothing,  wadding,  or  splinters  of 
bone,  may  enter  and  lodge  in  the  pleural  cavity  without  wounding  the  lung,  or  may 
penetrate  the  latter  and  be  subsequently  dislodged  from  it,  or  traverse  it,  impinge  on 
a  rib  on  the  opposite  side,  and  then  fall  into  the  pleura  ;  the  foreign  substance  either 
remains  near  the  external  wound,  a  position  from  which  it  may  be  after  a  time  dis- 
placed, or  falls  at  once  by  gravitation  to  the  bottom  of  the  cavity,  and  rests  on  the 
diaphragm  in  the  posterior  cul-de-sac  near  the  vertebral  column.  In  this  situation, 
foreign  bodies  excite  inflammation  frequently  of  a  most  intense  degree,  resulting  in  an 
empyema,  or  a  localised  abscess,  by  the  pointing  of  which  they  may  be  brought  towards 
the  surface ;  more  rarely  they  remain  loose  in  the  chest,  or,  becoming  encapsuled  by 
the  formation  of  adhesions,  are  retained  for  lengthened  periods  of  time. 

A  specimen  in  the  Royal  College  of  Surgeons  Museum  exhibits  an  instance  of  recovery 
from  an  empyema  produced  by  the  lodgment  of  a  musket-ball.  The  ball  remained  forty- 
two  years  in  the  chest,  and  was  found  at  death  in  a  cavity  containing  pus  ;  the  lung  was 
compressed  and  the  pleura  greatly  thickened. 

The  immediate  symptoms  are  obscure,  but  occasionally  pain  or  a  sensation  of  dis- 
placement are  present ;  the  subsequent  are  those  of  inflammation  and  suppuration. 
The  diagnosis  must  be  based  on  the  lodgment  of  a  foreign  body  followed  by  the 
onset  of  pleural  symptoms,  the  absence  of  all  signs  of  wound  of  the  lung,  together  with 
irritation  and  inflammation  of  the  diaphragm. 

In  the  case  of  policeman  Thain,  who  was  shot  while  bringing  a  prisoner  from  Hamburg, 
the  symptoms  were  at  first  so  slight  that  the  wounds  were  regarded  as  being  superficial ;  but 
after  several  days,  sudden  symptoms  of  empyema  set  in,  together  with  great  diaphragmatic 


1  Sabatier,  Med.  op.  vol.  ii. 
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pains  and  dyspnoea,  and  speedy  death.  On  examination,  one  ball  was  found  lodged  in  the' 
intercostal  space,  another  in  the  diaphragm,  and  a  third  was  rolling  about  loose  in  the  chest ; 
but  the  lung  was  uninjured.  Larrey  was  more  successful,  for  in  one  of  his  cases  he  made  an 
incision  into  the  chest,  and,  after  evacuating  about  twelve  ounces  of  pus,  he  succeeded  in  re- 
moving the  ball  by  means  of  a  polypus  forceps,  having  previously  ascertained  its  presence  by 
the  introduction  of  a  sound.  Baudens  equally  successfully  extracted  a  ball  and  some  splinters 
of  ribs  by  cutting  down  and  opening  the  cavity  upon  a  sonde  a  dard  introduced  between 
the  second  and  third  ribs,  and  made  to  project  behind,  between  the  eleventh  and  twelfth  ; 
recovery  ensued  in  forty  days.  In  a  case  where  a  knife-blade  four  inches  long,  passed  through 
the  lung,  broke  off  in  the  pleural  cavity  and  was  followed  by  empyema,  its  removal  was  suc- 
cessfully accomplished  through  a  wound  made  to  evacuate  the  latter.1 

When  the  foreign  body  has  entered  the  lung,  an  unfavourable  prognosis  must  be 
given  ;  as  in  the  pleura,  it  may  result  in  inflammation  and  suppuration  in  the  form 
of  an  abscess,  which  may  make  its  way  externally  through  the  wall  of  the  thorax,  or 
into  a  bronchus,  or  the  substance  may  become  encapsuled  and  remain  imbedded,  or 
be  expelled  at  some  subsequent  period.  In  the  Litter  case,  after  the  subsidence  of 
the  immediate  consequences  of  the  wound,  with  apparent  recovery,  cough,  expectora- 
tion, dyspnoea,  reappear,  and  subside,  only  to  be  followed  by  the  symptoms  of  acute 
inflammation,  and  the  formation  of  an  abscess,  which  either  points  externally,  dis- 
charges itself  into  the  pleural  sac,  or  during  a  fit  of  coughing  bursts  into  a  bronchus, 
when  the  pus  is  expectorated,  and  with  it  frequently  the  foreign  body.  The  lodgment 
may  produce  other  lesions,  such  as  sub-acute  or  interstitial  pneumonia,  gangrene, 
vomica?,  caseous  and  tubercular  deposits,  or  a  phthisical  condition  of  the  lung. 

Reveille-Parise  2  records  the  case  of  an  officer  who,  a  month  after  recovery  from  a  gun- 
shot wound  of  the  chest,  began  to  experience  difficulty  of  respiration,  pain  at  the  wound,  and 
haemoptysis.  An  abscess  pointed,  was  opened,  and  a  hard  substance  extracted,  which  proved 
to  be  an  angular  fragment  of  his  metal  gorget.  A  remarkable  case  of  the  kind  is  referred  to 
by  Otis,  where  an  entire  watch  was  driven  into  the  lung  by  a  point-blank  shot,  and  for  several 
weeks  parts  of  it  were  extracted  by  the  wound  and  others  expectorated.  In  a  few  instances 
musket-balls  have  been  ejected  by  the  bronchi ;  as  in  an  example  related  by  Gross,  where  a 
minio  ball  was  expelled  by  the  mouth  three  years  after  entering  the  chest. 

Tolerance  of  foreign  bodies  by  the  lung  in  which  they  become  encysted  occurs  in 
some  instances  for  considerable  periods. 

Velpeau  3  cites  the  case  mentioned  by  Guidon,  that  of  a  convict  who  died  at  Rochefort, 
and  in  whose  chest  was  found  a  part  of  a  fencing  foil,  which  fifteen  years  before  had 
traversed  the  chest  from  one  part  to  the  other,  one  of  the  extremities  being  implanted  in  the 
rib,  while  the  other  end  was  fixed  in  the  spine  ;  the  middle  part  was  in  the  centre  of  the 
lung,  surrounded  by  calcareous  deposit.  Percy  4  refers  to  a  case  of  Murat's,  where  a  ball  in 
the  lung  gave  no  trouble  for  twenty  years,  and  Moore  5  to  one  in  which  a  bullet  was  encysted 
in  the  lung  for  fifty  years. 

A  striking  example  of  recovery  with  lodgment  is  recorded  by  Lorinser 6  in  the  case  of  a 
man  who  shot  himself  four  times  through  the  chest ;  all  the  balls  penetrated,  lodged,  and 
were  not  extracted.  The  injury  was  followed  by  haemoptysis,  pneumo-thorax,  paresis  of  the 
left  arm,  and  asthmatic  attacks.  The  wounds  were  healed,  and  the  vesicular  murmur  had 
returned  by  the  fourteenth  day. 

Impalement  and  transfixion  injuries  of  the  chest  by  foreign  bodies  such  as  stakes, 
spikes,  ramrods,  lances,  shafts,  &c,  deserve  special  mention,  from  the  severity  of  the 
injury,  and  the  occasional  difficulty  of  treatment ;  some  remarkable  instances  of 
recovery  from  such  accidents  are  also  on  record. 

Plater  describes  a  case  of  impalement  by  a  stake  winch,  entering  at  the  loins,  passed  up 
into  the  cavity  of  the  chest,  and  was  withdrawn,  leaving  a  large  opening  from  which  air 
escaped  and  a  piece  of  flannel  was  subsequently  removed,  and  which  remained  unclosed  till 
the  death  of  the  patient,  who  lived  a  long  time  ;  and  Mr.  South  7  the  case  of  a  sailor,  aged 
19,  wbose  chest  was  transfixed  by  the  bolt  of  the  trysail-mast  (five  inches  and  a  half 
long,  and  two  inches  and  a  half  wide),  which  entered  between  the  fourth  and  fifth  left  ribs, 
and  made  its  exit  between  the  eleventh  and  twelfth  ribs,  four  inches  to  the  left  of  the  spine. 
There  was  difficult  breathing,  haemoptysis,  and  threatening  suffocation.  The  wound  was 
closed  by  lint  and  strapping  ;  he  was  freely  bled,  recovered,  and  went  to  sea.    He  was  seen 

1  Sucbier,  Deutsche  Med.  Woch.  1881,  No.  23.  -  Arohiv.  de  Med.  t.  viii.  1825. 

3  Presse  midicale,  torn.  i.  p.  151,  and  Manec  Bull,  de  Id  Soc.  d'Aunl.  1829. 

4  Man.  du  Chir.  rVArmee,  p.  125.  5  Lancet,  1847,  vol.  i.  p.  67. 

8  Wien.  Med.  Woch.  vol.  xxi.  7  Souths  Chelius,  vol.  i.  p.  411. 
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ten  years  afterwards,  and  was  then  quite  well.  In  the  Museum  of  the  Royal  College  of 
Surgeons  of  England  is  recorded  the  case  of  T.  T.,  aged  35: — the  shaft  of  a  chaise  was 
forced  between  the  ribs  on  the  left  side,  through  the  cavity  of  the  thorax  behind  the 
sternum,  and  made  its  exit  between  the  ribs  on  the  right  side,  without  injury  to  the  large 
vessels,  lungs,  &c.  It  was  withdrawn,  and  he  walked  up  two  flights  of  stairs  to  bed;  he  had 
difficulty  of  breathing,  pain  and  weight  in  the  chest,  vomiting  and  hiccough.  He  was  bled 
very  largely  and  blistered.  He  recovered,  and  lived  for  five  years  without  inconvenience, 
when  he  began  to  sutler  from  difficulty  of  breathing  and  irregular  action  of  the  heart.  He 
died  ten  years  after  the  accident.  The  lungs  were  adherent,  to  the  panetes,  and  the  peri- 
cardium entirely  adherent  to  the  heart,  which  latter  was  larger  than  usual.  Velpeau  1 
describes  an  instructive  case  in  which  a  large  ramrod  was  fixed  in  the  chest  from  the  right 
dorsal  region  to  the  right  front  of  the  chest;  attempts  at  extraction  were  unsuccessful,  and 
the  patient  died  suddenly  on  the  fourth  day  whilst  waiting  for  further  treatment ;  it  had 
passed  through  a  vertebra,  grazing  the  inferior  cava  below  the  base  of  the  heart  and  out 
below  the  right  nipple.  He  concludes  that  it  is  preferable  to  remove  the  foreign  body  at 
once ;  the  drawback  to  this  is  the  possibility  of  haemorrhage  from  the  long  wound  thus  left. 
Percy  relates  a  case  of  extraction  of  a  foil  which  soon  proved  fatal.  Longmore  2  gives  details 
of  a  recovery  after  complete  transfixion  of  the  right  chest  and  lung  by  a  lance,  in  which  there 
was  hardly  any  haemorrhage  after  removal.  Impalement  by  iron  spikes  of  railings  are  almost 
always  fatal ;  a  case  which  was  admitted  into  the  Middlesex  Hospital  in  which  the  broken 
end  of  a  spike  four  inches  long  projected  from  a  wound  of  the  front  of  the  chest  proved 
fatal  in  twelve  hours,  and  a  second  accident  of  a  similar  character  lived  two  hours. 

The  treatment  of  foreign  bodies  lodged  in  the  thorax  consists  in  their  immediate 
removal  when  detected,  or,  if  this  be  impossible,  in  awaiting  and  treating  the  inflam- 
matory complications  they  may  excite.  Where  the  presence  of  a  foreign  body  is 
suspected,  information  may  be  obtained  by  a  judicious  and  careful  examination  of  the 
wound,  although  some  surgeons,  as  Percy,  prefer  to  employ  an  expectant  treatment  in 
all  such  cases.  Should  it  be  detected  close  to  the  external  wound,  it  may  be  removed 
through  this  without  difficulty ;  and  cases  are  not  wanting  where  fragments  of  cloth- 
ing, bone,  &c,  have  been  in  this  way  extracted  from  the  lung.  If  it  be  recognised 
as  having  fallen  into  the  pleural  cavity,  an  attempt  at  removal  by  a  counter-opening 
through  the  lower  intercostal  spaces  may  be  made,  unless  the  injury  be  complicated 
by  haemo-thorax.  In  most  cases  the  foreign  body  remains  undiscovered,  and  further 
active  treatment  must  be  deferred  till  suppuration  ensues  ,  if  the  latter  form  an 
empyema,  the  pus  should  be  evacuated  by  a  dependent  opening,  through  which  the 
posterior  cul-de-sac,  where  the  body  not  unfrequently  lies,  can  be  explored  by  the 
finger  or  the  sound  ;  and  if  this  be  barren  of  result,  the  wound  must  be  kept  patent, 
a  portion  of  the  rib  being  resected  if  necessary  for  the  purpose,  and  the  treatment 
adopted  as  that  for  empyema. 

The  secondary  complications  of  penetrating  wounds  of  the  chest  which  have 
been  already  alluded  to  are,  pneumonia,  pleurisy,  empyema,  and  fistula.  Traumatic 
pneumonia,  unless  complicated  with  or  excited  by  the  presence  of  a  foreign  body,  is 
characterised  in  most  cases  by  a  benignity  contrasting  strongly  with  the  idiopathic 
variety.  Its  occurrence  is  far  from  being  universal ;  Fraser  did  not  discover  a  single 
case  in  nine  fatal  cases  of  wound  of  the  lung,  whilst  in  nine  fatal  cases  in  which  the 
lung  was  unwounded  there  existed  one  case;  thus  showing  that  the  lung-tissue  is 
little  prone  to  inflame  as  a  result  of  traumatism.  Its  onset  is  usually  insidious, 
without  rigors,  but  accompanied  by  severe  local  pain,  followed  by  fever,  dyspnoea, 
and  cough,  with  expectoration  of  rusty  sputa,  resembling  that  of  ordinary  pneumonia, 
or  with  haemoptysis.  The  physical  signs  are  usually  restricted  to  the  region  round 
the  wound,  and  are  marked  by  those  of  ordinary  hepatisation,  occasionally  combined 
with  moist  rales  and  gurgling  sounds  from  the  admixture  of  blood  and  air.  Its 
course  is  rapid,  and  terminates  by  resolution  at  the  end  of  a  week,  or  in  some  rare 
cases  is  followed  by  suppuration  or  gangrene. 

An  example  of  the  latter  result  following  a  penetrating  shot  wound,  where  a  great  part 
of  the  upper  and  middle  lobe  of  the  lung  became  gangrenous,  is  reported  by  Schneider3 
in  the  case  of  a  man  who  shot  himself  with  a  pistol  containing  two  large  deer-shot  ; 
enormous  effusion  of  blood  into  the  pleura  occurred,  with  extensive  laceration  of  the  lung, 


T  Nouv.  element  de  Med.  op.  1839,  t.  iii. 

3  Archil)  f.  Mia.  Chir.  Bd.  xxiii. 


2  Lancet,  1871. 
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terminating  in  gangrene  ;  haemo-pyopneumo-th'drax  and  septic  infection  followed.  An  opening 
wis  male  and  part  of  a  rib  resected,  and  as  soon  as  the  gangrenous  process  had  ceased,  the 
upper  lob  J  of  the  lung  could  be  seen  shrunken  to  a  small  piece  adherent  to  the  pericardium. 

The  diagnosis  from  the  idiopathic  variety  is  established  by  its  localisation  to  the 
seat  of  injury,  the  absence  of  extension  and  plastic  exudation,  and  its  tendency  to 
early  resolution.  It  may,  however,  exceptionally  involve  the  whole  of  one  lobe,  or 
even  the  entire  lung  in  the  form  of  pleuro-pneumonia.  The  treatment  is  purely 
expectant. 

Injuries  of  the  pleura  lead  to  inflammation  of  the  adhesive  or  suppurative  type. 
Membranous  pleurisy  may  limit  itself  to  the  wound,  or  extend  over  the  whole  pleural 
surface,  or  limit  a  sacculated  empyema,  or  lead  to  a  serous  effusion,  and  usually 
terminates  favourably  ;  suppurative  pleurisy,  or  empyema,  is  the  most  dangerous 
complication  of  wounds  of  the  chest  cavity,  and  when  induced  by  the  entrance  of 
infected  air  or  foreign  bodies,  especially  in  conjunction  with  fluids  such  as  blood 
prone  to  decomposition,  it  places  the  life  of  the  individual  in  the  greatest  jeopardy 
by  the  possibility  of  septic  absorption.  It  produces  hectic  fever,  rapid  emaciation, 
temporary  exacerbations  when  the  discharge  does  not  escape  readily,  and  frequently 
leaves  a  fistula.  Eor  treatment  an  early  and  active  interference  by  operation  is 
required,  with  as  complete  evacuation  of  the  cavity  as  possible. 

The  operation  of  opening  the  cavity  of  the  chest  demands  consideration  here, 
inasmuch  as  it  is  a  valuable  auxiliary  in  the  treatment  of  those  pleural  effusions 
which  so  frequently  ensue  as  complications  of  injuries  and  wounds  of  the  thorax; 
and  a  knowledge,  therefore,  of  its  mode  of  execution,  the  symptoms  and  indications 
that  demand  its  performance,  as  well  as  the  local  manifestations  that  guarantee  its 
success,  are  essential  to  the  surgeon  who  may  be  frequently  called  upon  to  employ  it 
both  in  the  treatment  of  injury  and  disease. 

The  indications  for  its  performance  are  furnished  chiefly  by  the  nature,  amount, 
and  duration  of  the  effusion,  which  may  consist  of  serum,  pus,  blood,  or  air.  Puru- 
lent collections  demand  a  more  prompt  and  active  interference  than  serous,  and 
therefore  a  differential  diagnosis  between  the  two  fluids  is  of  primary  importance  in 
their  treatment.  When  the  effusion  is  acute  in  its  formation,  the  presence  of  pus  is 
presumed  from  the  more  intense  constitutional  disturbance  and  the  greater  severity 
of  the  pain ;  and  when  chronic,  from  its  origin  (traumatic,  septic,  or  otherwise),  its 
duration  and  stationary  character,  the  persistently  high  and  hectic  temperature,  the 
presence  of  rigors,  loss  of  flesh  and  strength,  sweating,  and  superficial  oedema  of  the 
chest-wall,  and,  according  to  Baccelli,  the  non-conduction  of  the  whispered  voice 
through  purulent,  and  its  conduction  through  serous,  fluids  to  the  ear  of  the  observer, 
placed  on  the  chest-wall. 

From  the  insufficiency  of  these  accompanying  symptoms,  it  has  become  a  practice 
of  late  years  to  establish  a  diagnosis  by  means  of  an  exploratory  puncture,  and  for 
this  purpose  the  ordinary  hypodermic  syringe  is  employed,  the  use  of  which,  whilst 
affording  in  most  cases  conclusive  evidence,  is  not  altogether  free  from  the  possibility 
of  error,  such  as  the  withdrawal  of  serum  alone  from  the  upper  layers  of  a  sero- 
purulent  effusion.  When  the  fluid  is  of  a  serous  character,  its  amount  and  duration 
should  determine  the  necessity  for  interference;  and  the  operation  should  be  no 
longer  delayed  when  the  fluid  completely  distends  the  chest,  or  is  producing  severe 
dyspnoea,  orthopnoea,  threatening  of  syncope,  displacement  of  the  viscera,  cyanosis, 
or  pulmonary  congestion  of  the  opposite  lung;  or  when  absorption  is  so  long  deferred 
that  the  subsequent  re  expansion  of  lungs  is  endangered  by  the  formation  of  adhe- 
sions. At  the  same  time  it  must  be  remembered  that  a  dangerous  degree  of  effusion 
may  exist  without  inducing  symptoms  of  a  threatening  character. 

The  modern  methods  of  operating  are,  firstly,  tapping  by  the  trocar  or  aspirator, 
with  precautions  to  exclude  the  entrance  of  air  in  the  case  of  serous  effusions ;  and, 
secondly,  by  a  large  opening,  without  such  precautions,  in  order  to  evacuate  the 
contents  of  the  pleura  as  completely  as  possible — the  operation  for  empyema. 

Paracentesis,  as  formerly  performed  by  the  ordinary  trocar  and  cannula,  possessed 
two  disadvantages  :  the  risk  of  admitting  air,  and  the  difficulty  experienced  in 
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evacuating  the  fluid  when  the  intra-thoracic  pressure  is  low.  To  avoid  the  former 
the  cannula  of  Reybard  was  formerly  and  even  at  present  is  still  employed,  its  object 
being  obtained  by  affixing  to  the  end  of  the  cannula  a  tube  of  moistened  goldbeater's 
skin,  which,  acting  as  a  valve,  effectually  prevents  the  entrance  of  air,  whilst  it  inter- 
poses no  difficulty  to  the  exit  of  fluid.  This  has  been  supplanted,  and  the  latter 
difficulty  also  overcome,  by  the  methods  now  in  use — the  syphon  with  subaqueous 
evacuation,  and  aspiration. 

Evacuation  on  the  syphon  principle  is  best  effected  by  means  of  a  special  trocar 
and  cannula,  the  former  working  in  an  air-tight  elastic  or  leathern  collar  at  the  end 
of  the  latter,  which  is  provided  with  a  lateral  tube  and  stopcock  on  the  plan  of  an 
ordinary  Thompson's  trocar.  To  this  lateral  branch  is  fitted  a  piece  of  india-rubber 
tubing,  the  other  end  of  which  is  placed  beneath  the  surface  of  water  in  a  basin  below 
the  level  of  the  patient.  After  the  instrument  has  been  introduced  and  the  trocar 
withdrawn,  the  tap  of  the  lateral  tube  is  turned,  and  the  fluid  from  the  thorax  allowed 
to  flow  into  the  basin,  which  may  be  raised  or  lowered  according  to  the  amount  of 
syphon  action  required.1 

Girgensohn  2  employs  an  ordinary  trocar  and  cannula  in  the  following  manner.  On  with- 
drawing the  trocar,  a  piece  of  india-rubber  tubing  from  three  to  six  feet  long,  with  a  stop- 
cock at  the  end,  and  filled  with  a  two  per  cent,  solution  of  carbolic  acid,  is  slipped  over  the 
end  of  the  cannula,  conducted  into  a  receptacle,  and  the  tap  opened  beneath  a  solution  of 
carbolic  acid  ;  to  prevent  the  entrance  of  air  more  completely,  the  tube  should  be  fitted  to 
the  end  of  the  cannula  before  its  introduction,  and  the  trocar  passed  through  the  side  of  this. 
The  trocar  is  gradually  withdrawn,  and  as  soon  as  a  communication  is  established,  the  tube 
slipped  further  over  the  cannula  so  as  to  close  the  opening  made,  and  tied. 

Aspiration,  by  which  the  force  of  a  vacuum  is  utilised  for  the  purpose  of  with- 
drawing the  fluid,  requires  special  instruments,  such  as  the  aspirators  of  Dieulafoy 
and  Potain,  for  its  performance,  a  description  of  which  does  not  come  within  the 
scope  of  this  article.  It  renders  the  use  of  fine  capillary  trocars  or  perforated  needles 
possible,  but  is  regarded  by  some  operators  as  liable  to  increase  the  risk  of  injurious 
consequences,  from  the  possibility  of  employing  an  excessive  and  unknown  degree  of 
suction  force  within  the  thorax.  The  statistics  of  Bowditch,  who  has  performed  357 
aspirations  without  any  death  that  could  be  fairly  attributable  to  the  application  of 
the  principle,  is  sufficient  evidence  that  the  attendant  risk  of  the  operation,  when 
carefully  performed,  is  comparatively  slight. 

Whichever  method  be  adopted,  before  commencing  the  operation,  physical 
examination  should  determine,  if  possible,  the  non-existence  of  adhesions  at  the  spot 
selected  for  puncture,  by  the  complete  absence  of  vocal  fremitus  and  the  respiratory 
murmur  over  this  area.  The  efficiency  of  the  instrument  is  to  be  carefully  tested 
and  all  its  parts,  especially  the  trocar  and  cannula,  thoroughly  disinfected.  No 
anaesthetic  is  required,  but  the  skin,  if  necessary,  may  be  frozen  by  the  ether  spray, 
and  the  patient,  supported  in  a  sitting  or  semi-recumbent  position,  is  brought  over 
towards  the  edge  of  the  bed.  The  intercostal  space  selected  for  puncture  is  then 
localised  by  the  left  forefinger,  which  is  placed  just  aboA'e  the  upper  border  of  the  rib 
below,  and  the  trocar  thrust  through  the  space  by  a  sharp  and  decisive  movement,  so 
as  to  enter  the  pleural  cavity  without  risk  of  detaching  the  thickened  costal  pleura ; 
if  considered  requisite,  a  preliminary  incision  may  be  made  through  the  skin.  As 
soon  as  the  cessation  of  resistance  and  the  mobility  and  freedom  of  the  end  of  the 
cannula  demonstrate  its  presence  within  the  cavity,  the  trocar  is  withdrawn,  the  tap 
of  the  instrument  turned,  and  the  fluid  gradually  evacuated.  The  patient  is 
carefully  watched  so  that  the  appearance  of  any  distressing  symptom,  such  as 
dragging  pain,  dyspnoea,  cough,  faintness,  or  syncope,  should  be  immediately  recog- 
nised, and  serve  as  an  indication  for  temporarily  interrupting  the  flow.  If  these 
persist,  the  operation  should  be  suspended,  the  cannula  withdrawn,  and  the  wound 
closed  by  collodion.  The  patient  reassumes  the  recumbent  position,  and  for  the 
following  twenty-four  hours  is  to  avoid  all  muscular  effort,  whilst  the  fluid  remaining 
is  left  for  nature  to  procure  absorption. 

1  Powell,  On  Consumption,  and  Diseases  of  the  Lungs,  1878  ;  Fraentzel,  Ziemssen  Handb. 
B.  iv.  '  2  Berlin  klin.  Woch.  1877. 
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Much  difference  of  opinion  and  practice  exists  as  to  the  position  of  the  puncture 
to  be  made  in  tbe  chest-wall,  and  almost  every  part  from  the  4th  to  the  1 1th  inter- 
costal space  has  been  recommended.  Laennec  advised  the  operation  to  be  performed 
in  the  5th  space  between  the  mammary  and  axillary  lines  ;  Trousseau,  the  6th  or 
7th  outside  the  pectoralis;  Dierdafoy,  the  8th  or  9th  below  the  angle  of  the  scapula.; 
Fraentzel,  the  4th  or  5th  in  front;  Bowditch,  the  8th  or  9th  posteriorly,  and  at 
least  an  inch  and  a  half  above  the  level  of  the  lowest  point  at  which  the  respiratory 
murmur  is  heard  in  the  opposite  lung;  and  Cock,  the  7th  or  8th  in  the  line  of  the 
angle  of  the  scapula.  The  object  of  the  operation  is  best  attained  in  the  5th  or  6th 
space  in  the  lateral  region  of  the  thorax,  or  posteriorly  in  the  7th  or  8th,  about  two 
or  three  inches  to  the  outer  side  of  the  angles  of  the  rib. 

The  operation,  which  is  usually  free  from  all  danger,  simple  in  its  performance,  and  salu- 
tary in  its  results,  may  be  complicated  by  the  presence  of  various  accidents  which  may 
assume  au  alarming  or  even  fatal  character.  During  introduction,  the  end  of  the  trocar  may 
abut  on  the  rib,  an  accident  which  may  necessitate  its  reinsertion,  or  it  may  wound  important 
structures,  such  as  the  inrercostal  artery,  the  lung,  diaphragm,  or  liver.  Injuries  to  the 
iutercostal  vessels  are  haruly  likely  to  occur  from  simple  puncture,  whilst  a  wound  of  the 
lung,  when  inflicted  by  a  capillary  trocar,  is  rarely  associated  with  dangerous  consequences, 
and  is  recognised  by  the  escape  of  blood  and  the  fixed  condition  of  the  cannula;  wounds  of 
the  diaphragm  and  liver  are  more  grave  from  the  perforation  of  the  peritoneal  cavity.  Air 
producing  a  tympanitic  percussion  note  may  enter  the  pleural  cavity  in  spite  of  the  pre- 
cautions adopted  ;  hut  when  in  small  amount  need  excite  no  anxiety,  as  its  absorption  takes 
place  without  difficulty.  In  other  cases  it  may  tend  to  suppuration  and  convert  a  serous  into 
a  purulent  effusion.  The  tapping  may  prove  abortive,  no  fluid  escaping  when  the  trocar  is 
withdrawn,  even  when  the  force  of  aspiration  is  employed.  Such  a  barren  result  is  due 
either  to  an  unsuccessful  attempt  to  reach  the  cavity,  to  blocking  of  the  cannula,  or  to  the 
loss  of  that  elasticity  of  the  chest-wall  and  expansibility  of  the  lung  which  is  necessary  to 
supply  the  place  of  the  fluid  removed.  Slight  hamiorrhage  not  unfrequently  proceeds  from 
the  giving  way  of  the  recently  formed  blood-vessels,  and  even  haemoptysis  may  ensue.  The 
two  most  dangerous  complications  liable  to  result  from  paracentesis  are  the  induction  of 
syncope  and  profuse  albuminous  expectoration.  The  former  may  prove  fatal  during  or  a 
short  time  after  the  operation,  or  may  follow  several  hours  after  some  imprudent  exertion  on 
the  part  of  the  patient,  is  due  to  cerebral  anaemia  or  to  embolism,  and  may  be  best  avoided 
by  such  precautionary  measures  as  operating  in  the  horizontal  position,  and  by  cautious 
and  partial  evacuation  of  the  fluid.  Albuminous  expectoration  presents  different  aspects 
according  to  the  quantity  of  the  sputa,  and  the  gravity  of  its  symptoms,  the  patient  being 
seized  with  a  violent  cough,  and  expectorating  a  large  quantity  of  frothy  albuminous  fluid, 
sometimes  in  such  amount  as  to  cause  death  by  asphyxia  in  a  few  moments.  M.  Terrillon 
has  noted  two  fatal  cases  among  twenty-one  instances. 

The  treatment  of  empyema  is  based  on  different  principles  from  that  of  serous 
effusion.  If  left  to  the  efforts  of  nature,  absorption  being  impossible,  the  pus  sooner 
or  later  either  points  or  discharges  itself  externally  (E.  necessitatis),  frequently  in  a 
disadvantageous  position,  and  with  an  ultimately  fatal  result,  or  bursting  into  a 
bronchus  is  expectorated.  To  prevent  either  of  these  undesirable  consequences  and 
to  procure  recovery,  it  is  necessary  to  afford  a  free  exit  for  the  ptis  artificially,  to 
empty  the  cavity  completely  of  its  contents,  to  prevent  possible  stagnation  and 
decomposition,  and  to  await  a  natural  cure  and  obliteration  of  the  abscess  cavity  by 
the  gradual  sinking  in  of  the  chest-walls  and  the  re-expansion  of  the  lung,  until  the 
pleural  surfaces  come  again  into  contact  and  adhere  together.  Such  termination 
may  be  obtained  by  aspiration,  by  tapping  and  syringing  the  cavity,  by  subaqueous 
drainage,  or  by  a  single  or  double  external  incision.  The  results  of  aspiration  in 
empyema  are  too  unsatisfactory  to  permit  its  extended  application,  except  in  children, 
in  whom  there  have  been  instances  of  recovery  following  its  use;  in  adults,  should 
the  fluid  reaccumulate  after  tapping,  other  treatment  must  be  resorted  to.  Sub- 
aqueous drainage  is  practised  in  the  following  manner  :  the  chest  is  to  be  tapped 
with  a  large  trocar  and  cannula,  and  through  the  latter  one  end  of  a  piece  of  india- 
rubber  tubing  is  introduced  into  the  pleural  cavity,  whilst  the  other  end  is  placed 
under  water  below  the  level  of  the  patient,  and  the  pus  thus  allowed  to  drain  away. 
Various  methods  of  tapping  and  syringing  out  the  empyema  cavity,  with  exclusion  of 
air,  have  been  also  suggested  and  practised. 
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Potain,1  after  tapping,  passed  an  elastic  cathetev  filled  with  water  through  the  cannula 
into  the  pleural  cavity,  fixed  it  in  position  by  a  shield  of  gutta-percha,  and  then  withdrew 
the  cannula.  To  this  was  fitted  a  Y-tube,  one  arm  of  which  was  connected  with  a  receptacle 
above  the  patient  containing  fluid  for  injection,  and  the  other  with  a  vessel  below  the  bed  of 
the  patient  to  receive  the  evacuated  pus ;  both  arms  were  fitted  with  clasps,  and  when  not  in 
use  the  Y-tube  was  removed  and  the  catheter  closed  by  a  plug.  The  same  result  may  be 
obtained  and  the  cavity  injected  after  the  pus  has  been  withdrawn  by  a  single  tube  com- 
municating by  a  glass  nozzle  with  a  bottle  containing  an  antiseptic  solution,  and  which  is 
raised  or  lowered  according  as  the  cavity  is  to  be  injected  or  emptied.2  Quite  recently  it 
has  been  recommended  to  close  the  opening  after  thoroughly  syringing  out  the  pleural  cavity 
with  an  antiseptic  solution.  This  is  effected  by  erupting  a  trocar,  the  cannula  of  which  is 
closed  at  one  end  by  a  stopcock  and  possesses  two  lateral  openings  on  which  are  fitted  india- 
rubber  tubes  filled  with  a  solution  of  thymol  and  closed  by  spring  clamps.  As  the  trocar 
is  withdrawn,  the  tap  of  the  cannula  is  closed,  one  of  the  tubes  opened,  and  the  pus  allowed 
to  escape.  This  tube  is  then  clamped,  the  other  opened,  and  the  pleura  injected  through 
this  with  thymol,  and  emptied  again  through  the  first.  This  is  repeated  until  the  fluid  re- 
turns uncoloured.    The  cannula  is  then  withdrawn  and  the  opening  closed.3 

The  operative  procedure  which  has  hitherto  been  most  frequently  resorted  to  in 
empyema  is  that  preferred  in  large  collections  of  pus  elsewhere  in  the  body — viz.  a  free 
external  incision  at  the  most  dependent  part  of  the  abscess  cavity,  to  permit  of  its 
complete  evacuation,  and  if  requisite  a  counter-opening. 

Antiseptic  precautions  should,  where  possible,  be  observed  during  the  operation 
and  in  the  after  treatment,  in  order  to  lessen  the  risk  of  putrefaction,  when  this  does 
not  already  exist,  and  to  diminish  the  amount,  and  alter  the  character  of  the  purulent 
secretion.  In  those  cases  where  an  ansesthetic  becomes  necessary,  it  should  be  adminis- 
tered with  caution,  particularly  when  the  respiration  is  already  much  embarrassed,  for 
symptoms  of  an  alarming  character,  and  even  death,  have  resulted  from  its  use.  The 
patient  is  to  be  turned  upon  the  sound  side  in  such  a  manner  as  to  impede  as  little 
as  possible  the  action  of  the  sound  lung,  and  an  incision  about  two  inches  long  made 
through  the  7th  or  8th  intercostal  space,  posteriorly  and  parallel  to  the  margin  of 
the  lib,  until  the  pleura  is  reached.  After  securing  any  vascular  branch  that  may 
be  divided,  a  smaller  incision  is  made  through  the  thickened  costal  pleura,  and  the 
pus  allowed  to  escape  slowly  until  the  cavity  is  emptied  as  completely  as  possible, 
when  a  drainage-tube  of  india-rubber,  about  three  inches  in  length,  or  a  metal 
cannula,  is  introduced,  fixed  so  as  to  prevent  its  displacement,  and  the  whole  covered 
with  a  sufficiently  large  antiseptic  dressing.  Although  the  lowest  intercostal  spaces 
posteriorly  would  appear  to  provide  the  best  situation  for  drainage,  this  advantage  is 
in  some  measure  neutralised  by  the  possibility  of  existing  adhesions  between  the 
pleural  layers  at  this  spot,  by  the  greater  risk  of  wounding  the  diaphragm,  and  by  the 
subsequent  encroachment  on  the  artificial  opening  from  the  elevation  of  the  latter  as 
the  cavity  contracts  ;  on  the  other  hand,  the  more  elevated  the  opening,  the  greater  is 
the  difficulty  of  fully  emptying  the  cavity.  Wagner 4  has,  however,  found  from 
experiments  on  the  cadaver  that,  by  adopting  the  manoeuvre  suggested  by  Konig  of 
elevating  the  lower  part  of  the  trunk,  every  drop  of  fluid  may  be  made  to  escape  freely 
from  the  thorax  through  an  opening  placed  as  high  as  the  6th  or  even  the  5th 
interspace,  and  close  to  the  outer  edge  of  the  latissimus  dorsi  muscle.  The  subsequent 
treatment  of  the  case  is  guided  by  the  character  of  the  effusion  and  the  condition  of 
the  cavity ;  where  the  pus  is  fluid,  homogeneous,  non-putrescent,  and  free  from  ad- 
mixture with  false  membrane  and  solid  masses,  syringing  the  cavity  should  be  avoided 
as  a  practice  not  altogether  exempt  from  dangerous  consequences,  and  that  has  been 
followed  by  sudden  death  ; 5  but  when  putrefaction  is  present  and  the  pus  mixed  with 
broken-down  coagula,  or  shreds  of  lymph  and  false  membrane  prone  to  decomposition, 
or  with  gangrenous  sloughs  of  the  pleura  and  lung,  thorough  disinfection  of  the  cavity 
is  of  primary  importance,  and  requires,  together  with  a  free  external  opening,  the  use 
of  intrapleural  injections.  For  the  latter  a  weak  solution  of  some  antiseptic  is  to  be 
employed  by  means  of  a  catheter  and  irrigator,  such  as  a  two  per  cent,  solution  of 
carbolic  acid  (toxic  effects  are  liable  to  be  induced  by  stronger  solutions)  or  solutions 


1  Bull,  de  Therapeut.  1869. 

3  Kashimura,  Berlin,  klin.  Woch.  1880. 

5  Cayley,  Clin.  Soc.  Trans,  vol.  x. 


2  Brit.  Med.  Journ.  187«,  vol.  i.  p.  317. 
4  Das  Empyem.  u.  d.  Behandl.  1831. 
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of  boracicand  salicylic  acids,  chloral,  chloride  of  zinc,  &c,  and  the  use  of  these  is  to  be 
continued  until  the  discharge  assumes  a  healthy  character,  and  the  absence  of 
putrefraction  or  pent-up  secretion  is  shown  by  the  complete  freedom  of  the  patient 
from  pyrexia  and  constitutional  symptoms.  The  injections  should  then  be  omitted, 
and  only  resumed  when  a  renewal  of  the  latter  symptoms  points  to  the  retention  or 
decomposition  of  the  secretion.  Complete  evacuation  and  disinfection  are  more  effec- 
tually achieved  in  these  complicated  cases  by  a  double,  instead  of  a  single,  external 
opening,  by  incising  the  chest  through  the  filth  space  in  the  anterior  axillary  line, 
and  making  a  counter  puncture  posteriorly  by  cutting  down  upon  the  end  of  a  probe 
passed  in  through  the  anterior  opening,  and  made  to  project  behind  at  one  of  the  lower 
interspaces.  Both  of  these  openings  are  to  be  kept  patent  by  drainage-tubes  ;  but  the 
practice  of  passing  a  single  tube  through  the  cavity  is  not  to  be  recommended.  As 
diminution  of  the  secreting  cavity  takes  place,  the  intercostal  spaces  become  narrowed, 
the  drainage-tube  is  liable  to  be  compressed  by  the  approximated  ribs,  and  the  free  exit 
of  pus  is  interfered  with.  In  order  to  prevent  the  possibility  of  such  an  accident, 
Langenbeck  recommends  the  tube  to  be  passed  through  a  trephine  opening  in  the 
rib,  instead  of  through  an  intercostal  space,  whilst  Konig  and  others  advise  the 
resection  of  a  portion  of  one  or  two  ribs.  The  latter  operation  is  thus  described  by 
Konig ; 1  an  incision,  two  inches  long,  is  made  on  the  middle  of  the  rib  down  to  and 
through  its  periosteum,  the  latter  is  then  detached  from  the  bone  for  the  length  of 
one  to  two  inches  by  a  raspatory,  avoiding  the  intercostal  vessels  ;  the  bone  is  then 
divided  by  a  fine  saw  or  bone-forceps,  and  the  pleura  opened  through  the  space  thus 
obtained.  Even  this,  in  exceptional  cases,  may  be  insufficient,  for  the  desired  result, 
as  shown  by  a  case  operated  on  by  Mr.  Howse,2  who  removed  portions  of  three  ribs 
in  order  to  obtain  a  permanent  opening,  and  in  which  the  benefit  accruing  from  the 
operation  was  subsequently  nullified  by  the  outgrowth  of  new  bone,  from  the  perios- 
teum left  behind.  Where  such  a  possibility  is  likely  to  occur,  as  in  the  case  of  young 
people,  it  would  seem  advisable  to  remove  the  periosteal  tissue,  and  even  the  thick- 
ened pleura,  more  freely  than  hitherto. 

In  addition  to  those  accidents  already  mentioned  as  liable  to  follow  paracentesis, 
others  are  peculiar  to  the  operation  for  empyema.  Wounds  of  the  intercostal 
vessel  are  much  more  likely  to  occur ;  haemorrhage  which  ensues  ceasing  spontaneously 
when  the  divided  vessel  is  small,  or  necessitating  a  ligature  or  plugging  the  wound 
around  the  drainage-tube.  Partial  paralysis,  convulsions,  and  death  have  also  occurred. 
The  drainage-tube  may  become  displaced  and  fall  into  the  plemul  cavity,  in  one 
case  remaining  for  many  months  without  exciting  any  symptom  of  irritation  ;  in 
others,  the  tube  has  been  successfully  extiacted  by  forceps  through  the  incision,  and  in 
one  case  ulceration  into  a  bronchus  ensued,  the  tube  was  expectorated  and  swallowed, 
and  finally  lodged  in  the  oesophagus.  Even  after  the  lung  has  expanded  and  the 
chest  retracted  to  their  utmost  limits,  the  cavity  may  remain  unobliterated,  and  a 
permanent  fistula  be  formed  which  usually  terminates  fatally. 

The  pleural  fistulas  left  after  the  operation  of  empyema,  when  they  communicate 
with  a  cavity  of  small  size,  are  to  be  treated  by  enlarging  the  external  opening,  le- 
inserting  the  drainage-tube,  and  employing  stimulating  injections  of  chloride  of  zinc  ; 
but  where  the  cavity  is  of  considerable  capacity,  these  measures  are  insufficient,  and  it 
will  become  necessary,  in  order  to  obtain  approximation  of  the  walls  of  the  sac, 
to  render  the  chest-wall  more  movable  and  capable  of  falling  in  by  resecting  parts  of 
one  or  more  ribs.  This  operation  was  first  practised  by  Roser  in  1859,  for  establishing 
the  permanent  dilatation  of  an  empyemic  fistula,  but  a  case  of  Simon's,  in  1869,  in 
which  the  resection  was  followed  by  the  sinking  in  of  the  rib  and  obliteration  of  the 
cavity,  led  this  operator  to  the  conclusion  that  this  falling  in  of  the  rib  effected  a  cure 
by  rendering  it  more  mobile  and  permitting  the  walls  of  the  cavity  to  approximate 
and  adhere  together.  Since  that  date  the  operation  has  been  employed  with  this 
object,  and  with  successful  results.  To  order  the  desired  object,  Estlander 3  proposes 
if  necessary  to  remove  parts  of  several  ribs,  from  three  to  six  in  number  or  even  more, 


1  Central!,,  f.  Chirurqic,  1880,  vii.  Jahrg.  2  Clinical  So-.  Trans.  1880,  vol.  xiii. 

3  Homen,  krehivf.  Mm.  Chir.  1881,  Heft.  1. 


INJURIES  OF  MEDIASTINUM  AND  HEART. 


843 


and  recommends  the  lateral  part  of  the  chest  below  the  axilla  for  the  operation,  which 
he  performs  by  means  of  transverse  incisions  corresponding  to  the  costal  spaces,  so 
that  a  single  incision  may  be  sufficient  to  expose  two  ribs.  Schneider,  in  a  case 
already  referred  to,  was  successful  in  closing  a  fistula  left  after  gangrene  of  the  lung, 
by  removing  firstly  parts  of  the  second,  fourth,  fifth,  and  sixth  ribs,  and  subsequently 
about  two  and  a  half  inches  of  the  clavicle.  Occasionally,  in  large  cavities,  the  immo- 
bility of  the  chest-wall  is  partly  due  to  the  thickened  and  unyielding  costal  pleura, 
and  where  this  is  the  case,  Schede  recommends  that  this  should  be  removed,  together 
with  the  rib,  so  that  the  skin  is  brought  into  contact  with  and  allowed  to  adhere  to 
the  pulmonary  pleura. 

2.  Injuries  of  the  mediastinum,  pericardium,  and  heart. — Simple  penetrating 
wounds  of  the  mediastinum  are  rare  ;  more  commonly  the  injury  compromises  some  of 
the  important  structures  found  in  it,  such  as  vessels,  nerves,  heart,  oesophagus,  &c.  The 
fact  of  penetration  is  rendered  probable  by  the  depth  of  the  wound,  and  the  influence  of 
the  respiratory  movements  on  the  air  and  fluids  as  they  escape  to  and  fro  from  the  wound. 

Air  may  find  its  way  into  the  mediastinum  (pneumo- mediastinum)  either  from 
without,  or  from  an  injury  to  the  trachea,  bronchi  and  lung  ;  in  the  former  cases  its 
amount  is  limited  and  can  be  effectually  prevented  by  closing  the  wound  ;  in  the 
latter  it  acquires  a  more  formidable  degree,  and  escaping  by  the  root  of  the  neck, 
produces  general  subcutaneous  emphysema. 

When  blood  is  extravasated  {lucmo-mediastinum)  from  an  external  wound  or  a 
subcutaneous  injury,  it  may  be  scanty  in  amount,  or  when  some  considerable  vessel  is 
wounded,  the  effusion  may  be  rapid  and  extensive,  producing  symptoms  of  oppression 
and  weight  behind  the  sternum,  dyspnoea,  with  dulness  on  percussion  and  faintness 
of  the  heart-sounds  ;  in  the  former  case  the  blood  is  absorbed  or  encysted,  in  the  latter 
it  is  apt  to  excite  irritation  and  inflammation,  and  to  terminate  in  supjraration  and 
the  formation  of  an  abscess.  The  treatment  of  subcutaneous  haemorrhage  is  by  rest, 
quietude,  and  the  application  of  cold  ;  but  when  the  blood  escapes  externally,  its 
source  must  be  ascertained  if  possible,  and  the  vessel,  if  the  internal  mammary, 
secured.  Should  this  be  difficult,  the  wound  must  be  closed  as  in  other  penetrating 
wounds  of  the  chest,  and  compression  and  ice  relied  upon.  L)aude  1  facilitates  the 
removal  of  the  extravasated  blood  by  the  position  of  the  patient,  by  enlarging  the 
wound,  or  by  aspiration. 

Suppuration  may  ensue  either  from  the  presence  of  blood  or  air  in  the  cellular 
tissue,  from  the  lodgment  of  a  foreign  body,  or  as  a  complication  of  an  injury  to 
the  sternum  ;  or  it  is  secondary  to  the  conditions  of  caries  or  necrosis.  When  it 
follows  an  injury,  the  symptoms  of  the  latter  become  greatly  aggravated,  the  respi- 
ration becomes  more  oppressed,  difficult  and  abdominal  in  character;  fits  of  dyspnoea, 
intensified  bythe  recumbent  position,  ensue.  Compression  of  the  heart  and  largevessels 
produces  palpitation  and  oedema,  and  percussion  discloses  an  area  of  retrosternal  dul- 
ness. It  may  prove  rapidly  fatal  or  form  an  abscess  which  may  point  superficially  at 
an  intercostal  space,  usually  close  to  the  left  edge  of  the  sternum,  and  presenting  as 
a  soft  fluctuating  swelling  which  occasionally  enlarges  with  the  movements  of  forced 
expiration,  and  has  pulsation  communicated  to  it  by  the  heart.2  In  place  of  pointing 
externally,  the  pus  may  ulcerate  and  discharge  into  a  bronchus,  or  gravitate  down- 
wards, through  the  gap  in  the  diaphragm  behind  the  ensiform  cartilage  into  the 
abdominal  wall,  or  pass  upwards  along  the  cellular  tissue  into  the  neck.  The  in- 
flammation may  extend  to  the  pleura,  lung,  or  pericardium.  Before  pointing  occurs, 
the  diagnosis  is  difficult  and  obscure. 

The  treatment  is  to  wait  until  the  abscess  makes  its  way  and  presents  at  the 
surface,  unless  the  urgency  of  the  symptoms  demand  earlier  interference,  when  an 
opening  into  the  abscess  may  be  effected  by  trephining  or  chiselling  the  sternum. 

1  Montpell.  Med.  1871. 

2  Sir  A.  Cooper  mentions  tbe  case  of  a  medical  student  who  was  supposed  to  have 
aneurism,  hut  matter  made  its  way  through  the  sternum,  and  a  thorough  recovery  was 
effected. 
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Wounds  of  the  pericardium  seldom  occur  alone,  being  most  frequently  associated 
with  other  severe  lesions,  such  as  wounds  of  the  heart,  large  vessels,  internal  mammary 
artery,  diaphragm,  oesophagus.  When  uncomplicated,  the  injury  is  usually  followed 
by  pericarditis,  which  may  have  a  favourable  or  unfavourable  termination,  as  shown  by 
the  following  cases.  A  man  under  the  care  of  Sir  A.  Cooper  had  received  a  small 
wound  by  a  reaping-hook  through  the  rib  cartilages  ;  pain,  a  quick  small  pulse,  and 
dyspnoea  came  on  after  two  days,  and  he  died  at  the  end  of  a  fortnight,  when  an  effusion 
of  blood  and  pus  was  found  in  the  pericardium.  Dr.  Parkes  1  quotes  the  case  of  a 
juggler,  who  wounded  the  pericardium  whilst  attempting  to  swallow  a  sword.  At  the 
moment  of  the  accident  he  fell  and  fainted;  within  forty  minutes  a  pericardial  friction 
had  developed,  which  was  followed  by  rapid  effusion  of  fluid  mixed  with  air,  and 
death  occurred  at  the  end  of  forty-eight  hours.  A  stab  of  this  serous  sac  is  reported 
by  Griittner  2  in  which  the  external  wound  was  closed  by  sutures,  and  was  followed  by 
symptoms  of  syncope  and  dyspnoea.  After  thirty-six  hours  the  sutures  were  removed, 
blood  and  serum  escaped,  and  death  ensued  on  the  seventh  day,  when  the  pericardium 
was  found  to  contain  pus  and  air.  Recovery  is  not  unfrequent,  as  in  a  case  of 
Hennen,  in  which  the  injury  resulted  from  a  bayonet  wound.  When  the  patient  died 
three  months  after  from  pneumonia,  long  fibrinous  pericardial  adhesions  were  found 
post  mortem.  Dr.  Farqubarson  3  recounts  an  interesting  case  of  recovery  in  a  boy, 
who,  in  falling  forward,  received  the  point  of  a  pocket  knife  in  his  chest  above  the 
sixth  rib,  and  in  position  corresponding  to  the  apex  of  the  heart.  Considerable  shock 
followed,  but  no  haemorrhage  externally.  Three  hours  after,  there  was  catching  respi- 
ration and  acute  epigastric  pain,  and  next  morning  a  rasping  pericardial  friction,  which 
disappeared  again  after  six  hours  ;  cardiac  dulness,  tympanitic  resonance  in  the  third 
interspace,  and  dulness  on  the  left  back  from  hsemo-thorax,  were  present.  The  symp- 
toms rapidly  subsided  and  recovery  was  uninterrupted.  Doubtless  in  several  of  the 
cases  that  were  apparently  simple  uncomplicated  injuries  of  the  pericardium,  super- 
ficial  wounds  of  the  heart  also  existed  ;  the  diagnosis  between  the  two  injuries  is 
almost  impossible,  and  is  of  slight  importance,  except  in  point  of  the  severity  of  the 
accident  and  its  prognosis.  The  diagnosis  of  the  accident  is  to  be  based,  when  direct 
evidence  of  an  injury  to  the  heart  is  wanting,  upon  the  tympanitic  resonance  and 
the  occasional  loud  metallic  quality  of  the  heart-sounds,  due  to  the  presence  of  air 
in  the  pericardium,  followed  rapidly  by  the  physical  signs  of  an  effusion  of  fluid  into 
the  pericardial  sac,  and  subsequently  by  the  development  of  pericarditis.  The  treat- 
ment is  similar  to  that  for  injuries  of  the  heart  generally. 

Wounds  of  the  heart  are  for  the  most  part  met  with  in  gunshot  wounds,  but 
they  may  be  seen  in  the  other  forms — namely,  in  the  incised,  punctured,  or  lacerated 
varieties. 

The  following  statistical  tables  of  452  cases  of  wounds  of  the  heart  and  pericar- 
dium are  taken  from  Dr.  Fischer's  work.4 

Some  authors  have  divided  them  into  penetrating  and  non-penetrating  wounds, 
according  as  they  involve  the  cavities  or  parietes  of  the  heart.  Several  cas-es  of  the 
latter  are  on  record,  and  the  distinction  between  the  two  classes  of  injury  is  one  the 
practical  significance  of  which  is  chiefly  important  with  regard  to  prognosis.  Boyer 
believes  the  latter  to  be  influenced  by  the  depth  of  the  wound,  the  more  superficial 
offering  a  greater  likelihood  of  recovery.  Non-penetrating  wounds  which,  accord- 
ing to  Fischer,  amount  to  9  per  cent,  of  all  wounds  of  the  heart,  maybe  rapidly  fatal, 
as  in  a  case  quoted  by  J  amain,6  when  death  followed  a  wound  of  the  coronary  artery 
by  a  sword  in  two  hours  ;  or  life  may  be  preserved  for  a  lengthened  period,  as  in  the 
following  example  recorded  by  Steudener.0  A  man  was  shot  by  a  pistol-ball  which 
entered  the  chest,  passing  backward  through  the  spinal  cord,  pioducing  paraplegia; 

1  Path.  Trans,  vol.  iii.  2  Deutsche  Klimk,  1865. 

3  Med.  Times  and  Gazette,  1873.  vol.  i. 

4  Dr.  C4.  Fischer.  '  Ueber  die  Wunden  des  Ilerzens  und  des  Ilerzbeutels,'  Archie  f.  klin. 
Chir.  ton  Langenbeek,  1808.    Baud  ix.  p.  571. 

5  Les  Plaies  du  Occur,  1857. 

6  Berlin,  klin.  Wuch.  1874. 
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pericarditis  and  pneumonia  followed,  and  subsided  in  three  weeks,  and  death  occurred 
at  the  end  of  the  fifteenth  week.  The  pericardium,  was  found  adherent,  and  on  the 
surface  of  the  left  ventricle  a  furrow  was  seen  running  outwards  from  the  apex ; 
the  surface  being  formed  by  cicatricial  tissue,  beneath  which  was  the  muscular  fibre 
of  the  heart.  A  more  prolonged  recovery  is  reported  by  Mr.  West  1  in  the  case  of  a 
man  who  received  a  stab  from  a  shoemaker's  knife;  the  injury  was  followed  by  pro- 
fuse haemorrhage  and  great  collapse,  from  which  recovery  took  place,  and  at  the  end 
of  a  month  he  was  discharged.  He  lived  for  four  years,  frequently  suffered  from 
palpitation,  giddiness  and  syncope,  and  died  from  tuberculosis ;  after  death  the  peri- 
cardium was  found  adherent,  with  a  linear  scar  a  line  and  a  half  in  depth  in  the 
anterior  wall  of  the  right  ventricle.  Different  degrees  of  this  injury  may  exist,  from 
the  slightest  forms  of  simple  abrasion  of  the  cardiac  wall  to  the  highest  degrees, 
where  only  a  very  thin  layer  of  muscle  remains  undivided.  A  deep  non- penetrating 
wound,  according  to  Senac,  may  become  converted  into  a  penetrating  one  by  the  yield- 
ing of  the  divided  muscular  fibre  subsequently  to  the  accident,  and  Boyer  explains 
a  case  in  which  death  occurred  suddenly  by  asphyxia  on  the  thirteenth  day  in  this 
manner.  The  possibility  of  the  weakened  wall  at  the  site  of  a  non -penetrating  wound 
yielding  to  the  endocardial  pressure,  and  leading  to  the  formation  of  an  aneurismal 
dilatation,  has  also  been  accepted  by  some  writers,  although  no  indubitable  case 
of  the  kind  has  been  recorded.  Haemorrhage  from  these  cases  is  less  than  in  the 
penetrating  variety,  and  may  be  even  absent,  or  may,  on  the  other  hand,  be  profuse. 

Penetrating  wounds  vary  greatly  according  to  the  form  and  direction  of  the  force, 
by  which  they  are  inflicted.  This  acts  most  commonly  in  a  direct  manner  through 
the  thoracic  wall ;  and  the  position  of  the  external  wound  is  to  the  left  of  the 
sternum  over  the  praecordia  in  the  vicinity  of  the  fifth  rib,  but  it  may  reach  the  heart 
after  a  more  or  less  circuitous  course.  In  this  way  there  are  on  record  observations 
in  which  the  heart  has  been  wounded  from  the  oesophagus  by  foreign  bodies  which 
have  been  swallowed  and  perforated  the  tube ;  from  the  air-passages,  bronchi,  and 
lungs,  by  fractured  splinters  of  ribs  or  sternum,  or  from  the  abdominal  cavity  through 
the  diaphragm.  The  aspect  of  the  wound  varies  according  to  its  nature,  the  edges 
being  sharp  and  regular  when  produced  by  a  cutting  weapon,  or  contused,  torn,  and 
frayed  from  bullet  injuries,  and  sometimes  the  muscular  structure  is  even  reduced  to 
a  pulped  condition.  Its  margins  remain  in  contact  or  separated  from  each  other-,  are 
usually  ecchymosed,  and  the  channel  is  empty  or  plugged  by  a  more  or  less  adherent 
coagulum,  which  is  either  of  a  dark  blackish  colour  or  pale  and  decolourised.  Effusion 
of  blood  in  a  fluid  or  coagulated  condition  is  found  in  almost  all  cases  in  the  peri- 
cardium, and  if  the  patient  survive  sufficiently  long,  inflammatory  complications 
follow  ;  pericarditis,  leading  to  agglutination  of  the  serous  surfaces  and  permanent 
adhesion  of  the  layers  of  the  pericardium,  or  proceeding  to  serous  effusion  or 
suppuration  ;  myocarditis,  by  which  the  muscular  wall  becomes  injected,  softened,  or 
ulcerated  around  the  wound,  or  exceptionally  more  firm  and  indurated;  and,  more 
rarely,  endocarditis,  from  which  there  results  sclerosis  and  thickening  of  one  or  several 
parts  of  the  endocardium,  with  or  without  calcareous  infiltrations,  or  villous  or  warty 
excrescences  on  the  valves.  Cicatrisation  takes  place  in  a  manner  analogous  to 
muscular  wounds  generally,  for  whilst  the  haemorrhage  is  checked  by  the  formation 
of  a  clot,  plastic  exudation  ensues  between  the  surfaces  of  the  wound  and  organisa- 
tion follows,  the  closure  being  perfected  by  the  presence  of  lymph  on  the  Surface  of 
the  pericardium  and  adhesion  between  its  layers.  The  time  occupied  by  cicatrisa- 
tion of  the  wound  is  variable  ;  in  some  cases  firm  union  may  be  completed  within  a 
short  time,  whilst  in  others  the  scar  remains  soft  and  yielding  for  a  much  longer 
period,  ard  liable  to  give  way  under  the  influence  of  violent  muscular  efforts  or 
cardiac  contractions.  In  a  case  reported  by  Miihlig  an  aneurismal  dilatation  deve- 
loped at  a  wound  penetrating  the  wall  of  the  ventricle,  and  was  found  after  death, 
winch  occurred  ten  years  after  the  reception  of  the  injury.  Perforating  wounds  of  the 
cavities  of  the  heart  may  even  occur  without  injury  to  the  pericardium,  but  only  in 


1  St.  Thomas's  Hosp.  Repts.  vol.  i.  N.S,  p.  239. 
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the  case  of  gunshot  wounds  in  which  the  serous1  membrane  is  carried  forwards  in  front 
of  the  missile  without  suffering  laceration,  into  the  cavity  thus  opened.  Doubtless 
in  some  of  the  few  cases  on  record  the  wound  has  been  occasioned  by  the  contusion 
of  the  ball  producing  a  rupture  of  the  muscular  wall  without  actually  perforating  it. 
A  case  of  the  kind  is  reported  by  Higguet,1  in  a  man  who  shot  himself  with  a 
revolver  ;  the  ball  was  found  in  front  of  the  pericardium,  which  was  intact  and  dis- 
tended with  blood,  whilst  there  existed  a  circular  penetrating  wound,  with  slightly 
contused  and  depressed  margin,  through  the  front  wall  of  the  right  ventricle.  Other 
cases  are  cited  by  Borrel,  Holmes,  Ward,  and  Fraser. 

Most  writers  have  endeavoured  to  determine  the  relative  frequency  of  wounds 
affecting  the  different  regions  of  the  heart,  and  the  following  table  shows  the  slightly 
different  proportions,  given  by  different  authors. 


Ollivier 

Jamain 

West 

Schalle 

Zannetti 

Fischer 

Right  Ventricle  .... 

29 

43 

14 

30 

45 

123 

Left  Ventricle  .... 

12 

28 

8 

18 

32 

1(11 

Both  Ventricles  .... 

9 

9 

3 

5 

12 

26 

Right  Auricle  .... 

3 

8 

3 

13 

28 

i  Left  Auricle  

1 

2 

1 

4 

13 

Apex  and  Base  .... 

7 

7 

1 

19 

2 

2 

7 

Both  Auricles 

1 

Left  Auricle  and  Ventricle 

1 

Entire  Heart  ..... 

1 

16 

Right  Heart  

1 

2 

4 

Left  Heart  

1 

5 

Coronary  Artery  .... 

2 

2 

2 

6L 

104 

2!) 

59 

109 

344 

From  these  statistics  it  results  that  wounds  of  both  ventricles  are  far  more 
common  than  those  of  the  auricles,  and  that  the  right  ventricle  is  affected  more 
frequently  than  the  left,  although  the  numerical  difference  between  these  is  not  so 
striking  as  a  consideration  of  their  respective  position  might  have  suggested.  If  the 
totals  of  ventricular  and  auricular  wounds  are  compared,  the  former  are  found  vastly 
to  exceed  the  latter,  as  shown  by  the  following  figures  : — 

Ollivier      Jamain       West      Schalle      Zannetti  Fischer 

Ventricle       50  82         25        55  89  257 

Auricle  4  11          0         4  17  31 

The  symptoms  are  exceedingly  uncertain,  bat  the  most  important  one  is  the 
presence  of  a  lesion  in  the  neighbourhood  of  the  heart,  with  external  bleeding,  followed 
by  all  the  signs  of  sudden  internal  haemorrhage.  The  latter,  although  one  of  the 
most  frequent  symptoms,  may  be  altogether  wanting  both  internally  and  externally, 
especially  when  the  wound  is  of  the  punctured  variety,  small,  narrow,  and  oblique 
and  closed  either  by  the  contraction  of  the  fibres  of  the  muscular  walls,  or  plugged  by 
a  coagulum ;  in  other  cases  the  haemorrhage  is  entirely  internal,  its  appearance 
externally  being  prevented  by  the  loss  of  parallelism  between  the  internal  and  external 
wounds,  or  by  the  small  size  of  the  external,  as  exemplified  by  a  fatal  case  of  puncture 
of  the  aorta,  where  the  only  external  sign  was  a  small  blood-fleck  on  the  linen.  In 
quantity  it  is  very  variable  ;  it  may  be  excessive,  drenching  the  patient  with  blood, 
or  it  may  slowly  accumulate  in  the  pericardial  sac ;  the  flow  is  continuous  or  inter- 
mittent, occasionally  isochronous  with  the  cardiac  systole,  or  is  influenced  by  the 
respiratory  movements ;  it  frequently  continues  for  some  days,  or  may  recommence 
and  prove  fatal  after  the  wound  has  apparently  healed.  Again,  the  blood  may  lind 
its  way  into  the  mediastinum  or  pleura. 

Hyncope  or  collapse  is  an  early  and  most  important  symptom,  and  Fischer  arranges 
three  categories  of  cases  according  to  the  rapidity  of  its  development. 

1  Revue  mens,  des  Sci.  mcd.  1874. 
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The  first  set,  where  the  collapse  occurred  at  the  time  of  the  accident,  comprised 
30  cases.  The  symptoms  lasted  from  two  minutes  to  four  hours ;  and  death 
generally  followed  from  a  few  minutes  to  two  months,  most  frequently  from  the 
sixth  to  the  tenth  day.  The  second  set,  where  the  collapse  was  not  immediate,  but 
came  on  some  moments  after,  amounted  to  38.  In  one  of  these  the  wounded  person 
could  run  450  steps,  another  ascended  several  steps,  a  third  walked  one  mile  and  a 
half.  The  third  set,  where  the  collapse  did  not  supervene  for  some  time,  but  came  on 
during  the  pr-ogress  of  the  case,  comprised  19  instances.  In  them  the  collapse 
was  due  probably  to  the  giving  way  of  the  clot  or  plug  in  the  heart,  or  to  rupture  of 
the  injured  wall,  and  secondary  haemorrhage  in  such  cases  as  the  following. 

A  man  1  received  a  pistol-shot  wound  in  the  fifth  interspace,  went  a  short  distance  and  then 
fell  senseless;  recovered,  and  on  the  eleventh  day  felt  quite  well,  but  in  the  evening  sudden 
fatal  collapse  occurred.  There  was  a  perforating  wound  of  the  left  ventricle,  and  the  ball  was 
found  on  the  inner  side  of  its  posterior  wall,  where  the  fatal  rupture  had  occurred  ;  the  peri- 
cardium was  rilled  with  blood. 

Intense  anxiety  and  fear  seldom  comes  on  at  the  moment  of  the  accident,  but 
some  little  time  after,  and  is  considered  by  Fischer  to  be  due  to  compression  of  the 
heart  and  lungs  from  internal  bleeding.  Dyspnoea  is  by  no  means  a  constant 
accompaniment,  for  it  may  be  absent,  or  come  on  gradually,  or  become  immediately 
intense.  Fischer  found  it  recorded  only  in  seventy  cases,  in  which  it  appeared 
to  be  due  to  the  compression  of  the  heart  by  the  blood  effused  in  the  pericardium. 
The  pulse  is  often  small,  irregular  and  intermittent ;  exceptionally  it  is  quite 
regular,  and  remains  so  till  death ;  other  symptoms,  as  nausea,  pallor,  cold  sweats, 
cough,  are  only  present  in  occasional  cases,  as  well  as  the  acute  sternal  pain  re- 
marked by  some  observers,  and  which  is  referred  by  Fischer  to  the  pericardium 
rather  than  the  heart.  The  decubitus  of  the  patient  is  by  no  means  characteristic, 
for  some  lie  on  the  left  side,  others  on  the  back,  without  inconvenience,  whilst 
some  cannot  lie  down  at  all.  The  physical  signs  are  not  more  conclusive. 
Dupuytren  noted  a  peculiar  cardiac  tremor  ;  the  heart's  action  is  sometimes  tumul- 
tuous, or  its  pulsation  may  be  feeble,  absent,  or  unaltered ;  the  area  of  cardiac 
dulness  is  increased,  and  when  air  is  present  a  tympanitic  note  is  developed  which 
shifts  according  to  the  position  of  the  patient.  Auscultatory  signs  have  been  de- 
scribed as  occurring,  but  are  not  uniform  or  pathognomonic ;  when  there  is  much 
effusion  the  heart-sounds  become  fainter,  and  may  be  quite  inaudible.  Ferrus  2  was 
the  first  to  draw  attention  to  a  special  bruit,  in  wounds  of  the  heart,  in  a  case  where 
the  left  ventricle  was  pierced  and  plugged  by  a  file,  and  which  he  compared  to  that 
heard  over  a  varicose  aneurism.  Jobert  considered  this  as  pathognomonic  and 
described  a  second  murmur  of  a  whistling  character  which  he  had  also  heard  in  three 
cases.  Other  sounds  and  bruits  of  different  qualities,  as  blowing,  metallic,  sawing, 
<fcc,  have  been  met  with  in  individual  cases,  whilst  in  some  cases  no  abnormal  sound 
whatever  has  been  noticed.  Morel  Lavallee  3  described  the  occurrence  of  a  rare 
bruit  which  was  present  in  three  cases  of  rupture  of  the  pericardium,  and  which  he 
compared  to  the  splashing  sound  produced  by  the  paddles  of  a  water-wheel.  Briche- 
teau  designated  it  by  the  term  bruit  de  moulin,  and  since  that  date  other  cases  have 
been  placed  on  record.  Fronmiiller 4  noticed  it  in  a  case  of  contusion  of  the  chest 
from  the  wheel  of  a  waggon,  and  Reynier  5  has  collected  twenty-two  cases,  including 
eight  new  observations.  The  bruit  is  symptomatic  of  an  effusion  of  air  and  fluid 
which,  according  to  Reynier,  may  be  intra-  or  extra-pericardial.  In  order  to  establish  a 
diagnosis  as  to  its  origin,  the  presence  or  absence  of  functional  symptoms  of  injury 
to  the  heart  must  be  taken  into  consideration.  It  usually  disappears  in  a  sitting 
position. 

Should  the  injury  not  prove  immediately  or  rapidly  fatal,  inflammatory  complica- 
tions follow  most  commonly  ;  pericarditis  leading  to  effusion  of  serum  and  lymph, 

1  N.  Y.  Med.  Record,  1880.  2  Repertoire  ginir:  tfAnat,  t.  ii.  1826. 

3  Hull,  et  Mem.  de  la  Soc.  de  Chtr.  I860.  4  Memorabil.  vol.  xviii. 

5  Rcc/i.  sur  le  Bruit  de  Moulin,  1880.  p 
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and  if  recovery  occurs,  to  an  adherent  pericardium,  or  to  the  formation  of  pus  which 
is  liable  to  undergo  decomposition  from  the  presence  of  air.  The  inflammatory  fluids 
may  escape  through  the  external  wound.  Endocarditis  is  frequently  associated  with 
pericarditis,  and  leads,  in  event  of  recovery,  to  permanent  organic  valvular  lesions 
which  seriously  affect  the  general  health,  and  subsequently  prove  fatal ;  paraplegia, 
for  example,  has  been  noticed  by  Dupuytren  and  Legouest,  and  gangrene  of  the 
extremities  by  Laugier,  produced  by  the  dislodgment  of  a  clot  of  fibrin  from  the 
heart. 

These  wounds  are  generally  considered  mortal,  death  taking  place  immediately, 
or  in  a  few  days.  Immediate  death  is  generally  caused  by  the  sudden  arrest  of  the 
heart's  action,  induced  by  one  of  two  causes — either  by  the  accumulation  of  bkod 
in  the  pericardium,  pressing  upon  the  heart  and  causing  cessation  of  its  action,  or 
by  a  suddenly  deranged  cardiac  innervation  depriving  the  heart  of  its  contractile 
powers,  as  seen  in  those  cases  of  sudden  death  where  little  or  no  blood  is  found  in 
the  pericardium.  There  are,  however,  several  instances  of  recovery.  Considering 
the  ambiguity  and  uncertainty  of  the  signs  of  a  wound  of  the  heart,  recovery  from 
such  supposed  occurrence  can  only  be  confirmed  by  the  subsequent  opportunity  of 
post-mortem  examination,  as  in  the  case  cited  by  Sanson,1  that  of  a  medical  student 
wlio  recovered  completely  in  twenty-eight  days ;  he  was  wounded  on  the  left  side  of 
the  chest  immediately  below  the  nipple,  and  from  the  attending  symptoms  it  was 
conjectured  that  one  of  the  cavities  of  the  heart  had  been  penetrated  ;  at  the  autopsy, 
some  lengthened  period  afterwards,  a  cicatrix  in  the  heart  was  visible.  The  case 
cited  by  Velpeau  is  still  more  explicit ;  it  is  that  of  a  coalman,  aged  50,  who  died 
in  the  Hospital  of  the  Faculty  :  he  had,  nine  years  previously,  received  a  wound  in 
the  left  side  of  the  chest  from  a  table-knife  :  the  pericardium  was  found  largely 
opened  and  adherent  to  the  parietal  cicatrix ;  fibrous  lines  traversed  the  whole 
thickness  of  the  right  auricle  at  a  point  corresponding  to  the  breach  of  surface  in  the 
pericardium.2 

A  very  interesting  case  of  recovery  after  a  pistol-shot  wound  of  the  heart  is  reported  by 
Conner3  as  occurring  in  a  boy  of  15  years.  The  ball  entered  above  the  sixth  rib  behind  on 
the  right  side  and  lodged;  there  was  profuse  haemorrhage,  which  ceased  the  following  day, 
followed  by  pleuro-pneumonia,  endo-  and  pericarditis;  the  inflammation  subsided  on  the 
twentieth  day,  and  he  was  able  to  walk  by  the  thirty-first ;  he  recovered  with  a  valvular 
lesion  as  a  result  of  the  endocarditis,  and  died  three  years  and  two  months  after  the  accident. 

Post-mortem  examination  revealed  the  following  conditions  :  the  heart  was  hypertrophied 
and  the  pericardium  adherent ;  the  lower  lobe  of  the  right  lung  hepatised,  and  on  the  posterior 
surface  of  the  right  ventricle  existed  a  scar,  from  which  a  narrow  cicatrised  canal  led  from  the 
pulmonary  to  the  aortic  valves,  through  an  opening  into  the  right  auricle  ;  the  ball  was  found 
lodged  just  below  the  bifurcation  of  the  right  bronchus,  a  segment  of  the  aortic  valves  was 
torn,  and  evidence  of  old  endocarditis  was  present. 

Brugnoli 4  also  describes  a  very  exceptional  case  of  recovery  after  a  wound  of  both  ven- 
tricles, the  patient  dying  nineteen  years  after  the  injury,  which  was  caused  by  a  stab  from  a 
knife.  At  the  end  of  seventy-eight  days  the  patient  resumed  his  work,  but  suffered  subse- 
quently from  symptoms  of  hypertrophy  of  the  heart,  and  a  cardiac  bruit. 

At  the  post-mortem  examination  the  heart  was  found  much  enlarged,  and  the  pericardium 
adherent  and  calcareous.  There  were  old  scars  in  the  front  wall  of  the  right  ventricle, 
and  in  the  septum,  and  the  mitral  valve  was  cleft. 

According  to  Fischer,  complete  recovery  took  place  in  72  out  of  452  cases.  In 
36  cases  this  was  proved  afterwards  by  inspection,;  but  in  the  other  36,  the  wound 
was  only  conjectured  from  the  symptoms  present. 

Punctured  wounds  10  cases       8  proved  by  inspection       2  from,  symptoms 

Incised  wounds  4'4    „  21  ,,  22  ,, 

Gunshot  wounds  12    „  6  ,,  6  ,, 

Lacerated  wounds          7    „         1  „  6  „ 

72  36  36 

Of  these  50  were  of  the  heart  and  22  of  the  pericardium. 


1  See  Nekton,  Pathol.  Chir.  torn.  iii.  p.  472. 

2  Traite  d'Anatomie  chir.  torn.  i.  p.  604,  2me  edition. 

3  Cincinnati  Clinic,  vol.  x.  4  Bull,  des  Sci.  med.  1862. 
Vol.  I.                                     3  1 
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Of  the  50  recoveries  out  of  401  wounds  of  the  heart,  33  were  verified  hy  examina- 
tion and  17  conjectured  by  the  symptoms ;  by  adding  10  of  the  latter,  in  which  the 
diagnosis  was  indubitable,  to  the  former,  a  total  of  43  recoveries  is  obtained,  yielding 
a  percentage  of  10  7  ;  similarly,  of  the  22  recoveries  out  of  51  wounds  of  the  peri- 
cardium, 3  were  verified  and  19  conjectural;  and  adding  12  of  the  latter,  with 
undoubted  diagnosis,  to  the  former,  there  were  15  complete  recoveries,  or  30  per 
cent.  By  referring  to  the  table  below  where  these  injuries  are  arranged  according 
to  the  part  of  the  heart  implicated,  it  is  seen  that  recovery  is  most  frequent  in  those 
cases  where  the  apex  (18  per  cent.)  and  septum  (14  per  cent.)  are  involved;  then 
follow  injuries  to  the  right  ventricle  (9'7  per  cent.),  both  ventricles  (7-6  per  cent.), 
and  left  ventricle  (5  per  cent.)  The  excessive  frequency  in  the  case  of  both  ventricles 
is  here  accidental,  since  this  is  usually  a  very  fatal  accident.  Recoveries  after 
wounds  of  the  auricles  have  not  been  observed. 

The  duration  of  life  after  such  wounds  is  variable  ;  and  this  variation  is  by  some 
considered  to  be  due  to  the  part  of  the  heart  which  is  involved.  The  following  table 
is  extracted  from  Fischer's  work,  and  shows  the  relative  number  of  immediate  and 
late  deaths  and  recoveries  following  wounds  of  the  different  cavities  of  the  heart, 
and  is  based  on  a  total  of  395  cases  in  which  the  result  and  duration  of  the  accident  is 
stated. 


Death  immediate 

Death  at  a  later 
period 

Recoveries 

27 

C9 

6 

25 

59 

6 

9 

11 

2 

7 

15 

5 

8 

5 

1 

10 

4 

1 

10 

2 

1 

3 

11 

3 

1 

1 

1 

1 

19 

22 

14 

19 

17 

104 
Total 

219 

.  39 

72 

The  times  at  which  death  occurred  in  the  219  cases  from  Fischer,  76  from  Jamain, 
and  87  from  Zannetti,  in  which  the  j>atients  survived  a  shorter  or  longer  period,  are 
set  forth  in  the  following  table. 

Deaths  not  Immediate. 


Fischer 

Jamain 

Zannetti 

Cases 
No. 

Time 

Punctured 
wound 

Incised 
wound 

Gunshot 
wound 

Ruptured 

No.  of 
cases 

No.  of 
cases 

37 
46 
74 
40 
8 
3 
1 
2 
1 
2 
1 
4 

1  hour 

From  1  to  24  hours . 

1  day  to  1  week 
2nd  week 

3rd  week . 
4th  week . 
5th  week . 
7th  week  . 
10th  week 

2  months . 
6  months . 
9  months . 

5 
5 
7 
2 
4 

1 
1 

26 
25 
60 
31 
3 
2 

1 

3 

3 
8 
6 
2 
1 
] 
1 

■U  'li-*. 
1 

l 

3 
8 
1 
5 

1 

3 
13 
29 
14 
11 

2 

2 
1 
1 

16 
14 
25 
17 
11 

4 
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Longest  Duration  of  Life. 


Fischer 

Jamain 

Punctured 
wound 

Incised 
wound 

Gunshot  wound 

Rupture 

Right  ventricle 

Left  ventricle 

Both  ventricles 

Right  auricle  . 

Left  auricle  . 

Septum  ventriculorum  . 

Apex  .... 

Base  .... 

Coronary  artery 

Pericardium  . 

18  days 
21  days 
8£  months 
Long  time 
2  days 
10  days 

1  day 

8  days 

2  or  3  weeks 

18  days 
9  weeks 
.5  days 
15  days 
2i  hours 
12  days 
20  days 

Several  days 

2  months  6  days 
10  weeks 

12  days 
7  days 
7  days 

2  days 

1 2  days 

8  days 
1^  hour 

1 4  hours 
2  days 
4  hours 

9  hours 

8  days 

23  days 
6  months 
9^  months 
25  days 
2  days 
12  days 

20  clays 

63  days 

For  reference  to  these  cases  see  Fischer,  op.  cit. 


The  duration  of  life  does  not  bear  any  proportion  to  the  extent  of  the  wound  ; 
thus,  in  the  oft-quoted  case  of  the  celebrated  first  grenadier  of  France,  a  lance-wound 
producing  a  laceration  of  the  pericardium  of  4  to  5  centimetres,  and  a  small  super- 
ficial wound  in  the  wall  of  the  left  ventricle,  caused  immediate  death.  Again,  in  the 
year  1728,  one  of  the  ladies  of  the  Sardinian  Court  ran  a  long  gold  needle  into  the 
chest  of  her  husband,  whilst  asleep,  and  caused  his  sudden  death  :  on  examination, 
the  light  ventricle  was  found  pierced  through  and  through.  The  thinness  of  the 
parietes  of  the  auricles  is  not  the  cause  of  a  more  rapid  death  ;  thus  in  the  case  of 
the  Due  de  Berri,  whose  right  auricle  was  traversed  by  a  Sadler's  awl,  he  lived  eight 
hours.  Blagny  quotes  a  case  of  wound  of  the  right  auricle,  and  survival  for  five  days, 
and  Ollivier  the  case  of  a  man  who  went  to  work  on  the  ninth  day  after  a  stab  of  the 
right  auricle  and  died  suddenly  on  the  eleventh.  The  direction  of  the  wound  with 
respect  to  the  arrangement  of  the  muscular  fibres  of  the  heart  has  been  said  to 
nfluence  the  duration  of  life,  according  as  these  fibres  are  divided  in  their  longi- 
tudinal or  transverse  direction  ;  but  the  intimate  interlacing  of  the  muscular  fibres 
in  the  different  layers  of  the  wall  of  the  heart  will  neutralise  the  effects  of  the  direction 
of  the  wound,  and  prevent  any  considerable  gaping  or  separation  of  the  edges. 

Foreign  bodies  in  the  walls  or  cavities  of  the  heart  are  not  incompatible  with 
recovery  and  survival  for  lengthened  periods  of  time,  and  the  following  table  from 
Fischer  includes  47  examples  of  this  nature.  Bullets  and  needles  are  most  common, 
although  fishbones,  splinters  of  wood,  parts  of  weapons,  &c,  have  also  been  found  ; 
they  obtain  entrance  usually  through  the  wall  of  the  heart,  more  rarely  through  the 
lungs,  the  oesophagus,  or  the  veins. 

According  to  Weiss,1  out  of  52  examples,  6  were  lodged  in  the  substance  of  the 
walls  or  septum  of  the  heart ;  7  were  similarly  placed,  but  projected  into  one  of  the 
cavities ;  17  were  within  the  cavities  (8  in  right  ventricle,  5  in  left,  and  2  in  right 
auricle),  and  15  in  the  pericardium. 

Bullets  may  remain  encapsuled  for  many  years,  as  in  the  right  ventricle  for  6  years 
(Latour) ;  the  wall  of  the  ventricle  for  20  years  (Balch),  and  the  pericardium  for  50 
years.  According  to  the  experiments  of  Steiner,2  simple  puncture  of  the  ventricle  by 
a  needle  is  without  danger,  and  whilst  the  needle  remains  no  haemorrhage  ensues, 
although  after  withdrawal  a  drop  of  blood  may  escape  with  the  systole  ;  if  the 
needle  be  firmly  held,  and  the  point  thus  fixed  in  the  wall,  the  movements  of  the 
heart  will  quickly  create  a  considerable  laceration  cf  its  fibres  against  the  point  of 
the  needle,  leading  to  a  fatal  haemorrhage.  Cases  of  death  produced  in  such  a 
manner  are  on  record. 

A  boy,  set.  7,  accidentally  pushed  a  sewing  needle  into  his  chest  whilst  cutting  a  stick. 
Having  pulled  on  the  thread,  the  needle  broke  off,  leaving  a  part  behind ;  there  was  no  bleeding  ; 
he  returned  to  school,  was  pale,  and  only  complained  of  slight  pain  in  the  chest  and  neck  ;  he 
was  able  to  play  about  till  fifty-height  hours  after  the  accident,  when  death  took  place  rapidly 
in  half  an  hour.    The  broken  needle  was  found  to  have  passed  through  the  fifth  cartilage 

1  Dela  tolerance  des  tissus,  1880.  2  ArcMvf.  klin.  Chir.  vol.  xii. 
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into  the  pericardium,  the  point  producing  a  laceration  of  the  apex  of  the  heart  and  leading 
to  the  fatal  haemorrhage.1 

Gailiard 2  records  a  similar  ease  in  a  man  who  received  a  blow  from  a  trunk  on  the  front  of 
the  chest ;  he  was  admitted  into  hospital  with  pain  and  dyspnoea,  and  discharged  in  four 
days  ;  about  three  weeks  after  he  was  seized  with  collapse,  rigors  and  vomiting,  and  died  in  a 
few  hours,  when  the  pericardium  was  found  distended  with  blood  from  a  wound  of  the  heart 
by  a  fragment  of  needle  projecting  into  the  pericardial  cavity. 

In  a  case  similar  to  these  the  late  Mr.  Calleniler  3  extracted  a  needle  with  com- 
plete success  from  the  heart  of  a  man  in  which  it  had  been  lodged  for  nine  days.  The 
case  is  unique,  and  is  as  follows. 

A  pewterer,  set.  31,  during  a  struggle  missed  a  needle  he  had  placed  in  the  left  side  of  his 
coat,  and  thought  that  it  had  entered  his  chest.  He  sought  advice  on  the  following  day,  but 
nothing  was  to  be  seen  or  felt,  and  he  continued  to  work  for  nine  days  with  considerable  pain. 
He  was  then  admitted  into  the  hospital,  and  a  slight  elevation  could  be  felt  in  the  fifth  inter- 
space, which,  when  exposed  by  an  incision,  proved  to  be  the  eye-extremity  of  a  needle  ;  which 
by  its  movements  in  situ  plainly  demonstrated  its  situation  in  the  wall  of  the  heart.  It  was 
easily  removed  by  forceps,  and  proved  to  be  an  entire  needle,  1  f-  of  an  inch  in  length,  with 
the  exception  of  the  extremity  of  the  eye.  Some  blood  welled  up  from  the  puncture,  and  the 
operation  was  followed  by  complete  recovery. 

There  is  no  symptom  pathognomonic  of  a  wound  of  the  heart,  the  diagnosis  of 
which  is  frequently  difficult,  and  is  arrived  at  chiefly  from  the  position  of  the  wound, 
an  examination  of  the  weapon,  the  external  haemorrhage,  and  the  immediate 
symptoms  of  severe  shock  and  syncope,  &c,  together  with  the  physical  signs  of 
dulness  on  percussion,  weakened  impulse  and  heart  sounds,  followed  in  two  or  three 
days  by  pericarditis.  It  must  not  be  forgotten  that  immediate  symptoms  are 
entirely  absent  in  some  cases,  especially  where  the  wound  has  been  plugged  by  the 
weapon  which  has  been  broken  off  in  the  chest,  and  that  the  heart  occasionally 
exhibits  a  remarkable  tolerance  of  traumatic  influences. 

The  treatment  will  be  mainly  directed  to  prevent  and  arrest  internal  haemorrhage) 
by  absolute  repose,  local  and  general  employment  of  cold,  and  early  venesection  to 
relieve  the  heart;  and  to  allay  the  excited  action  of  the  heart  by  the  administration 
of  belladonna  and  digitalis  internally.  The  wound  should  be  accurately  closed,  and 
only  in  extreme  necessity  reopened  in  cases  where  the  vast  collection  of  blood  is 
dangerously  interfering  with  the  action  of  the  heart ;  if  a  foreign  body  be  present, 
and  offer  no  difficulty  in  removal,  it  may  be  extracted. 

After  surmounting  the  immediate  risks  of  the  injury,  perfect  quietude  and 
abstention  from  all  effort  should  be  enjoined  until  the  clot  and  scar  have  become 
consolidated,  and  when  the  effusion  shows  little  tendency  to  absorb,  a  free  exit  may 
be  afforded  by  paracentesis  or  puncture.4 

Paracentesis  of  the  pericardium  has  become  an  established,  justifiable,  and  not 
unfrequently  successful  operation,  and  is  called  for  in  all  cases  where  a  pericardial 
effusion  assumes  alarming  proportions.  First  proposed  by  Biolan  in  1649,  and  then 
by  Senac  a  century  later,  it  has  only  been  definitely  practised  as  a  means  of  treatment 
during  the  last  half-century.  Iliolan,  Skieldenep,  and  Laennac  recommended  the 
operation  to  be  performed  by  means  of  trephining  the  sternum  and  the  use  of  the 
bistoury,  whilst  Lairey  advised  puncture  with  the  trocar,  passed  in  an  upward  direc- 
tion through  the  eighth  interspace  close  to  the  left  margin  of  the  xiphoid  cartilage. 
It  is  now  performed  by  one  of  the  three  following  methods— by  incision,  by  incision  of 
the  superficial  structures  combined  with  puncture  of  the  pericardium,  or  by  puncture  ; 
the  latter  is  that  most  frequently  preferred,  either  by  the  trocar  or  hollow  needle,  and 
with  or  without  the  aid  of  the  force  of  aspiration ;  whilst  in  one  case  it  has  been 
undertaken  with  an  ordinary  Pravaz's  syringe.  In  a  collection  of  cases  made  by 
Hindenlaug,  three  were  treated  by  incision,  three  by  incision  combined  with  puncture, 
twenty-one  by  the  trocar,  and  eleven  by  the  hollow  needle.  For  greater  security, 
and  to  avoid  too  deep  penetration ,  it  has  been  suggested  to  employ  a  fine  hollow 
needle,  and  the  aspirator  with  previously  prepared  vacuum ;  as  soon  as  the  point  of 
the  needle  has  become  well  imbedded  in  the  tissues,  the  tap  of  the  instrument  is 


1  Wright,  Brit.  Med.  Joiirn.  1809. 
3  Med.-L'hir.  Trans,  vol.  hi.  p.  -203. 


2  Gaz.  med.  1874. 

4  Archie  f.  klin.  Med.  Bd.  L'4,  1880. 
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turned,  anil  it  is  then  thrust  inwards  until  the  rise  of  fluid  in  the  vacuum  shows  that 
the  pericardium  has  been  reached.  Operators  have  not  always  selected  the  same  spot 
for  jjuncture  ;  Senac  advised  the  third  left  interspace,  but  it  has  been  usually  per- 
formed in  the  fourth,  fifth,  or  sixth,  and  preferably  the  fourth  or  fifth,  according  to 
the  extent  and  shape  of  the  pericardial  dulness.  Dieulafoy  ascertained  from  experi- 
ment that  the  maximum  limit  of  the  transverse  diameter  coincides  with  the  fourth 
space  or  the  fifth  rib,  and  concludes  that  the  place  chosen  should  be  in  the  fourth  or 
fifth  space,  six  centimetres  to  the  left  of  the  sternum.  The  puncture  may  be  made  to 
the  inner  or  outer  side  of  the  internal  mammary  artery,  in  the  former  case  close  to  the 
left  margin  of  the  sternum,  in  the  latter  about  an  inch  and  a  half  or  two  inches  from  it. 
The  parts  to  be  avoided  are  the  internal  mammary  vessels,  pleura,  lungs,  large  vessels 
and  heart;  the  latter  has  been  wounded  on  more  than  one  occasion  without  serious 
result,  as  notably  in  a  case  reported  by  Evans,1  where  the  right  ventricle  was 
punctured  and  the  withdrawal  of  the  trocar  was  followed  by  a  jetting  flow  of  blood, 
and  a  movement  of  the  cannula  synchronous  with  that  of  the  heart.  After  the  fluid 
has  been  evacuated — a  matter  of  difficulty  in  some  cases— the  wound  is  closed  and  the 
tapping  repeated  if  reaccumulation  occur.  There  is  one  case,  however,  recorded  by 
Fergusson  in  which  the  cannula  was  retained  and  the  pericardium  syringed  with  a 
saline  solution,  and  two  in  which  iodine  injections  were  employed,  one  with  successful 
result,  by  Aran,2  and  the  other,  a  case  of  pyo-pericarclium,  reported  by  Moore,  in 
which  four  injections  were  made,  but  which  ultimately  terminated  fatally.  The 
operation  is  attended  with  a  fair  degree  of  success,  for  out  of  fifty  cases  collected  by 
Hindenlaugj  more  or  less  reeovery  took  place  in  32  per  cent. 

Incision  for  purulent  pericarditis  has  been  recently  practised  successfully  by 
Rosenstein  3  after  failure  of  tapping ;  the  wound  healed  with  antiseptic  precautions 
within  three  weeks. 

3.  Wounds  of  the  vessels  of  the  thorax. — Wounds  of  the  intercostal  artery  are 
occasionally  met  with  ;  thus  the  vessel  has  been  injured  in  the  unskilful  performance 
of  paracentesis,  and  the  operation  for  empyema,  of  which  Dulac  4  mentions  two  cases  ; 
an  intercostal  artery  has  likewise  been  wounded  in  cases  of  fractured  ribs,  and  in 
penetrating,  especially  gunshot,  wounds  of  the  chest.  The  effects  will  be  either 
external  or  internal  haemorrhage,  the  severity  of  which  is  influenced  by  the  situation 
of  the  injury,  being  less  anteriorly  where  the  artery  is  small,  than  posteriorly  where 
it  is  of  larger  calibi'e,  and  close  to  the  thorn cic  aorta. 

Internal  haemorrhage  occurs  generally  in  cases  of  punctured  wounds  or  stabs, 
where  the  blood,  not  being  able  to  escape  externally,  passes  into  the  pleural  cavity. 
Where  the  haemorrhage  takes  place  externally,  in  consequence  of  a  large  and  direct 
wound,  a  pulsating  jet  of  arterial  blood  may  be  observed,  which  will  immediately 
apprise  the  surgeon  of  the  nature  of  the  injury  ;  but,  generally  speaking,  the  wound 
is  small,  and  the  blood  escapes  continuously,  and  not  per  saltum,  so  that  much  is  lost 
before  the  means  of  checking  it  can  be  had  recourse  to.  Sometimes  the  blood, 
instead  of  escaping  externally,  passes  into  the  tissues  external  to  the  chest,  as  in  a 
case  related  by  Mr.  S.  Cooper.5  A  young  gentleman  had  been  wounded  by  a  pen- 
knife, severing  an  intercostal  artery  about  two  inches  from  the  vertebral  column  ; 
about  eight  ounces  of  blood  immediately  flowed  from  the  external  wTound,  followed 
by  an  enormous  extravasation  of  blood  under  the  muscles  of  the  back,  intense  pain, 
and  high  symptomatic  fever.  In  a  few  days,  in  consequence  of  suppuration  having 
taken  place,  an  opening  was  made,  and  about  a  gallon  of  fluid  was  discharged,  com- 
posed partly  of  pus,  but  chiefly  of  putrid  blood.  The  case  proved  tedious  in  conse- 
quence of  the  formation  of  deep  sinuses,  and  life  was  frequently  in  great  danger ;  but 
in  the  end  the  patient  recovered. 

The  diagnosis  of  this  injury  when  the  haemorrhage  is  external  may  be  made 
by  exploitation  with  the  finger  by  which  the  artery  can  be  compressed,  or  by  the 

1  Clin.  Soc.  Trans,  vol.  viii.  1875.  2  Bull,  de  I 'Acad,  de  Med.  t.  xxi. 

3  Berlin  klin.  IFoch.  1881,  p.  62.  4  De  la  bless,  des  Arteres  intercost.  1874. 

5  Suri/ical  Diet.,  7th  ed.  p.  1491. 
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insertion  of  a  grooved  card  into  the  wound,  when  the  blood  will  flow  on  its  outer 
side  if  its  source  be  the  intercostal  artery  ;  when  the  haemorrhage  is  internal,  the 
diagnosis  is  almost  impossible,  from  other  intra-thoracic  sources  of  bleeding. 

The  prognosis  is  unfavourable,  and  in  the  American  war  15  cases  were  met  with, 
8  of  which  were  treated  by  the  ligature,  and  7  by  compression,  styptics,  <&c.  In  only 
4  of  the  former  was  the  haemorrhage  completely  controlled,  and  2  of  these  recovered, 
and  2  died  ;  in  2  others  the  attempt  to  apply  a  ligature  was  unsuccessful,  and  1  of 
these  died  from  haemorrhage,  in  the  other  the  bleeding  was  stopped  by  compression  ; 
in  one  other  case  the  haemorrhage  recurred,  and  death  ensued,  and  tlie  8th  was  a 
case  of  primary  haemorrhage  which  died  on  the  second  day  :  thus,  of  the  8  cases  treated 
by  the  ligature,  2  recovered  and  6  died.  7  cases  were  treated  by  compression,  styp- 
tics, &c,  in  3  of  which  the  haemorrhage  was  checked.  1  dying  subsequently,  and  in 
3  others  compression  was  insufficient,  death  resulting  from  haemorrhage ;  4  cases 
recovered,  2  after  the  ligature  and  2  after  compression,  and  11  terminated  fatally, 
yielding  a  mortality  of  -73  per  cent. 

The  treatment  of  wounds  of  the  intercostal  artery  will  be  the  enlarging  of  the 
external  wound,  removing  splinters  of  bone,  if  comminuted,  and  secui'ing  the  divided 
ends  of  the  artery  by  ligature ;  but  this  is  by  no  means  easy.  Guthrie  succeeded  in 
applying  torsion  to  the  vessel,  and  also  in  ligaturing  it  under  the  edge  of  the  rib,  and 
B.  Bell  writes  that,  by  dilating  the  wound  sufficiently,  the  vessel  may  be  drawn  out 
of  its  groove  by  a  tenaculum,  especially  in  thin  people,  so  as  to  permit  of  its  ligature 
in  the  ordinary  manner.  It  is  not  always  easy  to  reach  and  secure  the  vessels,  and 
in  consequence  a  large  number  of  methods,  both  of  compression  and  ligature,  have 
been  suggested.  For  compression,  Desault  recommends  a  square  piece  of  linen  to  be 
placed  over  the  wound,  and  the  centre  of  this  depressed  into  the  opening  and  filled 
with  lint ;  the  angles  of  the  compress  are  then  brought  together,  and  the  pad  being 
drawn  gently  outwards,  compresses  the  artery  against  the  inner  surface  of  the  rib. 
Sabatier  inserts  a  plug  of  charpie  with  a  double  thread  into  the  pleural  cavity  and 
ties  it  over  a  pad  outside ;  and  Richter  advises  the  use  of  a  tent,  which,  being  inserted 
horizontally  to  the  inner  surface  of  the  ribs,  is  then  turned  vertically  and  drawn  by 
the  thread  attached  to  it  against  the  rib.  Velpeau  and  Hennen  employed  digital 
pressure  ;  Nelaton  suggests  an  inflated  india-rubber  bag ;  and  quite  recently  Agnew  1 
describes  an  instrumental  compressor  consisting  of  an  instrument  with  two  branches 
which  grasp  the  outer  and  inner  surface  of  the  rib,  and  one  blade  of  which  slides 
along  the  other  by  turning  the  handle.  Other  instruments  for  compression,  as  those 
of  Lotteri,  Bellocq  2  and  Quesnay,  have  little  to  recommend  them.  The  methods  of 
employing  the  ligature  are  also  numerous.  Gerard  included  the  rib  and  the  soft 
parts  in  the  ligature  by  inserting  a  sharp  curved  needle  at  the  wound  below  the  rib, 
and  bringing  it  out  through  the  space  above,  and  tying  the  ends  together  with  a  pad 
between  it  and  the  inner  surface  of  the  rib.  Goulard  avoided  the  second  wound  by 
using  a  curved  blunt  needle  with  an  abrupt  curve,  and  its  eye  at  the  extremity, 
passing  it  close  to  the  rib,  and  bringing  it  out  again  at  the  original  wound.  Gross 
prefers  to  drill  a  hole  through  the  rib,  and  so  to  pass  the  ligature ;  and  Agnew  prolongs 
the  wound  a  little  backwai'ds,  encircles  the  rib  with  a  silk  ligature  by  dipping  the 
point  of  a  sharply  curved,  blunt-pointed  needle  under  the  lower  edge  of  the  rib,  and 
then  keeping  the  point  in  contact  with  its  inner  surface,  makes  the  point  present  at 
the  upper  border,  where  it  is  cut  down  upon,  the  ligature  drawn  out,  and  tied  over  a 
pad  of  lint.  The  artery  has  also  been  tied  in  its  continuity  on  the  proximal  side  by 
Howard,3  by  making  an  incision  over  the  middle  of  the  rib,  and  passing  the  ligature 
by  means  of  a  resection  needle. 

Assalini  4  prefers  simply  cutting  the  artery  across,  so  as  to  allow  it  to  i-etract; 
and  if  this  plan  fails,  he  recommends  the  wound  to  be  closed  ;  should  the  blood  find 
its  way  into  the  chest,  it  is  true  the  consequences  will  be  serious,  but  not  fatal ;  and 
if  the  symptoms  require  it,  the  operation  for  empyema  may  afterwards  be  performed. 


1  Surgery,,  vol.  i. 

3  American  Med.  Times.  1863. 


2  Mhn.  de.  I'Acad.  roy.  de  Chir.  vol.  ii.  1753. 
4  Manuule  di  Chiruryia,  pp.  58,  59. 
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Martin  1  showed  in  his  experiments  on  animals  that  the  haemorrhage  may  cease  by 
retraction  of  the  ends  of  the  vessel,  hut  the  remedy  is  an  uncertain  one. 

Wounds  of  the  internal  mammary  artery. — The  protected  situation  of  this  vessel 
renders  its  injury  exceedingly  rare;  still  there  are  several  cases  on  record.  M. 
Tourdes 2  has  written  a  special  monograph  on  this  accident  in  its  medico-legal  aspect  : 
the  result  he  arrives  at  is,  that  the  lesion  occurs  on  the  right  and  left  sides  in  equal 
proportion ;  that  in  more  than  half  the  cases  it  is  accompanied  with  section  of  the 
cartilages,  and  that  this  section  always  exists  when  the  vessel  is  wounded  below  the 
fourth  rib ;  he  also  remarks  that  all  wounds  situated  at  the  sides  of  the  sternum  from 
the  first  to  the  seventh  ribs,  and  of  sufficient  depth,  should  always  engage  our  atten- 
tion, and  be  regarded  as  suspicious. 

The  results  may  be  :  1,  external  haemorrhage ;  2,  haemorrhage  into  the  anterior 
mediastinum  ;  3,  haemorrhage  into  the  cavity  of  the  pleura;  4,  haemorrhage  into  the 
cavity  of  the  pericardium  :  besides,  the  injury  is  not  unfrequently  complicated  with 
wound  of  the  lung,  heart,  or  diaphragm. 

The  symptoms  will  be  those  of  haemorrhage,  in  addition  to  those  of  any  complica- 
tion which  may  exist. 

The  prognosis  is  always  unfavourable ;  much  internal  effusion  of  blood  takes 
place,  and  death  generally  ensues  from  the  haemorrhage.  GLinther  found  eight 
deaths  in  nineteen  cases  ;  whilst  of  the  five  or  six  cases  which  occurred  during  the 
American  War  all  proved  fatal,  three  being  treated  by  compression  and  two  by  the 
ligature. 

The  treatment  consists  in  compression  of  the  vessel  in  the  same  way  as  above 
prescribed  in  wounds  of  the  intercostal  artery,  and  in  the  application  of  a  ligature 
on  the  vessel,  although  this  latter  proceeding  is  exceedingly  difficult.  In  the  first 
three  intercostal  spaces  the  artery  may  be  secured  with  ease  ;  in  the  fourth  space  it 
becomes  difficult  to  reach;  the  operation  is  very  difficult  in  the  fifth,  and  almost  im- 
practicable in  the  sixth  space.  It  is  performed  by  making  an  incision  for  two  inches 
along  the  side  of  the  sternum,  and  in  an  oblique  direction  from  above  downwards, 
and  from  without  inwards,  forming  with  the  axis  of  the  body  an  angle  of  forty-five 
degrees ;  the  centre  of  the  incision  to  be  three  or  four  lines  from  the  border  of  the 
sternum.  Having  divided  the  skin,  cellular  tissue,  and  origins  of  the  pectoralis 
major  muscle,  the  intercostal  space  is  brought  into  view ;  the  intercostal  muscle  is 
now  to  be  carefully  divided  upon  a  director,  and  the  edges  drawn  apart  by  retractors, 
when  the  artery  becomes  exposed. 

Baron  Larrey  3  says  tliat  he  has  seen  several  cases  of  wound  of  this  vessel,  and  he  pro- 
poses simply  to  close  the  external  wound  so  as  to  allow  of  coagulation,  and  by  this  means  to 
compress  the  vessel.  He  relates  three  cases  of  this  injury-  The  first  case  was  a  sabre- 
thrust,  which  entered  the  chest  for  an  inch  and  a  half,  dividing  the  cartilage  of  the  seventh 
rib  close  to  the  sternum ;  there  was  great  effusion  of  blood,  and  very  severe  symptoms,  so 
that  it  was  thought  necessary  to  lay  open  the  wound  and  evacuate  the  blood ;  the  man  made 
a  good  recovery.  In  the  second  case,  a  knife  entered  above  the  cartilage  of  the  fifth  rib  on 
the  left  side  ;  the  wound  was  closed,  much  effusion  of  blood  followed,  and  severe  symptoms 
set  in,  so  much  so,  that  a  puncture  was  obliged  to  be  made,  whereby  a  pound  of  blood  and 
clot  was  evacuated  ;  but  the  patient  lived  only  twenty-one  days.  In  the  third  case  a  knife 
entirely  divided  the  cartilage  of  the  fourth  rib ;  this  was  followed  by  much  haemorrhage, 
which  ceased,  and  the  wound  was  closed  ;  in  a  few  days  signs  of  internal  haemorrhage 
ensued,  paracentesis  was  performed,  two  and  a  half  pounds  of  blood  evacuated,  and  a  re- 
covery resulted. 

Porter4  mentions  a  case  of  division  of  the  internal  mammary  artery  and  veins  by  a  stab 
one  inch  below  the  right  sterno-clavicular  articulation.  Profuse  hoe  mo-thorax  followed, 
necessitating  the  operation  of  paracentesis  on  the  fourth  or  fifth  day  after  the  injury.  A 
large  wound  was  made,  the  haemorrhage  continued,  and  the  patient  soon  died. 

Wounds  of  the  larger  vessels  of  the  chest  are  for  the  most  part  fatal,  and  are 
attended  with  all  the  symptoms  of  rapid  internal  haemorrhage,  death  almost  invariably 
resulting  immediately,  or  in  a  few  hours  afterwards.  Some  rare  cases  of  survival 
after  such  wounds  are,  however,  on  record ;  thus  Gitattani  5  records  the  case  of  a 


1  Military  Surgery,  p.  377,  2nd  ed. 

3  Clinique  chir.  t.  iv.  p.  101. 

5  Auctor.  Latin,  de  Aneurism.  Collect.  1745. 


2  Des  blessures  de  I'Art.  mam.  int.  1819. 
4  On  Aneurism,  p.  170 
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man  who  lived  eight  years  after  an  incised  wound  of  the  aorta,  and  Dr.  Heil  1  one  in 
which  the  patient  lived  for  twelve  months  after  receiving  a  stab  which  penetrated 
the  ascending  aorta,  the  cicatrix  being  verified  by  a  post-mortem  examination. 

Pelletan2  writes:  'In  May  1802,  a  young  man  was  brought  to  the  Hotel  Dieu,  who,  in 
a  duel,  had  been  run  through  with  a  foil,  which  entered  above  the  right  nipple  and  came  out 
at  the  left  loin.  Everything  went  on  quietly  for  a  fortnight,  when  he  began  to  complain  of 
severe  pain  in  the  loins,  which  was  relieved  by  the  warm  bath.  He  seemed  to  be  recover- 
ing ;  he  got  up,  and  went  to  walk  in  the  garden  allotted  to  the  sick,  but  the  pain  in  the 
loins  quickly  returned,  attended  with  difficulty  of  breathing,  with  constipation,  and  wakeful- 
ness. On  July  15,  two  months  after  the  accident,  there  was  remarked  a  deformity  of  the 
spine,  about  the  eighth  dorsal  vertebra.  The  patient  grew  rapidly  worse,  and  died  in  the 
utmost  agony,  saying  that  he  felt  suffocated.  On  examination,  the  right  side  of  the  chest 
was  found  full  of  blood  ;  there  was  an  opening,  about  the  size  of  a  quill,  in  the  aorta  above  the 
crura  of  the  diaphragm,  much  blood  in  the  mediastinum,  and  caries  of  three  dorsal 
vertebrae.  Saviard  3  mentions  a  case  which  survived  eleven  days,  and  Deneme  a  case  of  gun- 
shot, injury  of  the  descending  aorta,  in  which  death  occurred  from  secondary  hemorrhage 
four  weeks  after  the  injury. 

In  the  Museum  of  the  Royal  College  of  Surgeons  is  a  specimen  taken  from  the  body  of  a 
sailor  who  had  been  struck  by  a  bullet  which  passed  first  along  the  oar  he  was  pulling  and  then 
into  his  chest ;  he  lived  for  three  days,  and  after  deatli  the  bullet,  together  with  a  piece  of  skin 
and  subcutaneous  tissue  about  an  inch  in  diameter,  was  found  lodged  in  the  ascending  aorta 
just  above  the  semilunar  valves,  both  being  adherent  by  recent  lymph  to  the  wall  of  the  vessel. 

Wounds  of  the  pulmonary  artery  are  more  rare.  Cavasse 4  records  one  from  a  dagger 
wound,  which  was  followed  by  cough  and  vomiting  of  blood  immediately  after  the  accident. 
The  subsequent  complete  absence  of  symptoms  masked  the  injury  till  the  eleventh  day,  when 
death  occurred  suddenly,  and  thei'e  was  found  a  wound  of  the  pulmonary  artery  before  its 
exit  from  the  pericardium,  the  coaguhun  plugging  the  wound  having  become  displaced,  and 
leading  to  fatal  pericardial  haemorrhage. 

Breschet  5  relates  the  case  of  a  wound  of  the  vena  azygos,  a  little  below  its  entrance  into 
the  superior  cava,  which  was  followed  by  a  considerable  effusion  of  blood,  and  death  resulted 
on  the  third  day  from  compression  of  the  lung-  by  the  effused  blood.  Blandiu  c  also  records  a 
case  of  survival  for  a  short  time,  after  a  pistol-shot  wound  of  the  azygos. 

4.  Wounds  of  the  (esophagus. — These  are,  for  the  most  part,  complicated  with 
other  injuries,  and  are  more  appropriately  treated  of  with  wounds  of  the  neck. 
However,  it  has  been  considered  advisable  to  draw  attention  in  this  place  to  wounds 
of  the  thoracic  portion  of  the  oesophagus,  by  referring  to  the  following  case.7 

A  man,  aged  24,  was  stabbed  by  a  bayonet  in  the  anterior  and  superior  part  of  the  chest ; 
it  entered  between  the  third  and  fourth  right  ribs,  one  inch  from  the  sternum.  He  fled  from 
his  assassin  for  half  a  mile,  without  feeling  any  pain  ;  on  reaching  home  he  had  coughing 
and  spitting  of  blood,  and  in  an  hour  after  the  accident  experienced  inexpressible  anguish  ; 
he  was  lying  on  his  right  side,  suffering  from  the  least  movement,  and  complaining  of  intense 
pain  all  along  the  right  side  of  the  chest,  as  far  as  the  haunch.  At  each  inspiration  and 
cough,  air  escaped  through  the  wound,  sufficient  to  blow  out  a  candle  seven  or  eight  inches 
distant.  On  the  second  day,  respiration  was  much  embarrassed,  but  the  spitting  of  blood 
was  arrested  after  a  third  venesection.  On  the  third  day,  on  removing  the  dressings  there 
escaped  a  large  quantity  of  red  fluid,  of  less  consistence  than  blood ;  the  respiration  was 
more  free.  Much  fluid  ran  out  during  the  day,  and  at  each  time  of  dressing,  and  it  was  sus- 
pected to  be  the  fluids  swallowed.  Oily  and  coloured  drinks  were  given,  which  in  due  time 
stained  the  dressings.  The  patient  was  now  prevented  taking  anything  by  the  mouth,  and 
was  fed  by  nutritious  enemata.  For  four  days  nothing  escaped  through  the  wound,  and  he 
made  a  gradual  recovery.  Subsequently  he  had  signs  of  a  large  effusion  in  the  chest,  when  on 
the  thirteenth  day  he  vomited  and  rejected  a  large  quantity  of  pus;  this  flow  of  pus  lasted 
for  another  fifteen  days.    He  ultimately  recovered. 

Foreign  bodies  have  passed  down  the  oesophagus  and  escaped  through  its 
parietes  into  the  chest ;  several  cases  of  the  kind  are  recorded.  Adelmann  8  has 
collected  examples  in  which  the  pleura,  lung,  pericardium,  heart,  and  large  vessels  of 
the  thorax  have  been  wounded  in  this  way,  including  eighteen  cases  of  injury  to  the 
aorta,  one  of  the  ascending,  three  of  the  descending,  and  eight  of  the  arch.  The  fatal 
haemorrhage  in  these  instances  occurred  from  six  to  eleven  days  after  the  accident,  but 
in  one  case  it  was  deferred  for  six  weeks  :  it  frequently  follows  the  extraction  of  the 

1  Henkes  Leitsch.  1837,  Bd.  ii.  p.  459.  2  Clin,  chirvrgicale,  t.  i.  p.  92. 

3  Observ.  chir.  4  Gaz.  des  Hop.  1865. 

5  Jiepert.  (/en.  d'Anat.  t.  iv.  p.  196.  6  Aunt,  topograph.  1834,  p.  287. 

7  Boyer,  Trade  des  Maladies  chir.  torn,  vii  p.  220. 

8  Pray.  Vierteljahrsuhr.   Bd.  iv.  p.  314,  1867. 
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foreign  body.  When  the  lung  is  injured,  death  ensues  usually  from  pneumonia  or 
pleurisy,  of  which  the  following  is  an  example. 

A  man  accidentally  swallowed  a  bone  whilst  eating,  and  within  an  hour  suffered  from 
severe  pain,  cough  and  dyspnoea.  When  admitted,  five  days  after  the  accident,  there  was 
no  apparent  dysphagia,  but  intense  pleuro-pneumonia,  to  which  he  succumbed  within  nine- 
teen hours.  After  death  a  large  mass  of  unmasticated  meat,  with  a  bone  an  inch  and  a  half 
long  through  the  centre,  was  found  in  the  oesophagus.  A  sharp  end  of  the  hone  had  per- 
forated the  oesophagus,  and  penetrated  the  pleura  and  the  areolar  tissue  of  the  upper  part  of 
the  lung.    The  pleura  was  full  of  sero-pus  and  the  lung  compressed. 

5.  Wounds  of  the  thoracic  duct  are  extremely  rare,  none  being  met  with  during 
the  American  War  and  only  a  few  examples  being  on  record.1  Hoffmann  describes 
two  cases  of  the  lesion,  one  in  a  female  who  was  wounded  in  the  left  side,  and  in 
whom  the  injury  was  followed  by  the  discharge  of  a  white  chylous  fluid  which  became 
clear  during  fasting.  Bonnet  also  relates  a  case,  where,  fourteen  days  after  a  gun- 
shot wound  of  the  back,  there  began  to  flow  from  the  lower  opening  below  the  left 
scapula  a  yellowish-white  fluid,  in  excessive  quantity,  death  resulting  after  some 
months  from  exhaustion.  Monro  refers  to  a  case,  and  Quincke  saw  it  produced  by 
the  wheel  of  a  carriage. 

Contusions  of  the,  chest,  followed  by  lesions  of  the  contents  without  external  wound, 
may  be  associated  with  the  following  effects  :  firstly,  pleurisy,  and  in  rarer  instances 
pneumonia ;  secondly,  inflammation  of  the  cellular  tissue  of  the  mediastina,  running 
on  to  suppuration  •  thirdly,  such  contusions  may  be  attended  with  injury  of  the  lung  ; 
this  last  accident  is  rare,  and  it  varies  from  a  slight  bruising  or  contusion  of  the  organ 
to  its  almost  complete  disintegration.  These  lesions  have  been  arranged  by  most 
writers  into  three  principal  divisions,  which  are  sufficiently  sharply  defined  from  each 
other  in  the  degree  of  their  severity  ;  in  the  first  degree  superficial  sub-pleural 
ecchymosis  and  infiltrations,  circumscribed  in  extent,  and  of  a  dark  colour,  arc  met 
with,  due  to  rupture  of  the  capillary  vessels;  in  the  second,  the  lung-tissue  is 
torn  superficially,  vessels  of  a  larger  calibre  are  severed,  and  haemorrhage  takes  place 
into  the  substance  of  the  organ,  producing  patches  resembling  pulmonary  apoplexy  ; 
in  the  third,  and  most  severe  degree,  the  lung  is  torn  or  crushed  to  a  variable  extent, 
either  on  its  surface  or  in  the  interior  of  its  substance,  producing  cavities  or  rents 
involving  the  pleui'a  and  leading  to  hsemo-pneumothorax.  In  some  cases  the  lung  has 
been  found  extensively  contused  or  ruptured,  and  the  pulmonary  pleura  uninjured. 

Watson,  in  his  work  '  On  Homicide,'  rentes  the  case  of  a  carter  who,  being  somewhat 
intoxicated,  was  thrown  oft'  his  cart,  and  the  wheel 'passed  obliquely  over  his  chest ;  he  ex- 
pired shortly  after.  There  was  no  external  wound,  and  no  fracture  of  the  ribs ;  but  a 
laceration  of  the  right  lung  near  to  the  origin  of  its  vessels,  and  there  were  three  pounds  of 
blood  in  the  right  cavity  of  the  chest ;  the  liver  was  also  lacerated,  and  blood  effused  in  the 
abdomen. 

A  boy,  aged  7,  was  struck  down  by  a  cab,  the  wheel  passing  over  his  chest.  About  four 
hours  after,  there  was  considerable  distension  of  the  intercostal  spaces,  dulness,  and  great 
dyspnoea  ;  he  died  on  the  following  day.  The  ribs  were  found  uninjured,  but  the  lung  was 
extensively  lacerated,  and  the  pleural  cavity  full  of  blood.'2 

A  soldier  was  buried  under  six  tons  of  gravel.  There  was  severe  collapse,  from  which 
he  gradually  rallied.  Next  day  there  were  cough,  dyspnoea,  and  exhaustion,  but  no  haemo- 
ptysis, dulness,  or  pain.  After  forty-eight  hours  symptoms  of  hpemo-thorax,  rusty  sputa,  and 
death  occurred  on  the  tenth  day.  The  right  pleura  contained  seventy-live  ounces  of  blood. 
A  transverse  rent  of  1§  inch  in  length,  and  of  shallow  depth,  existed  in  the  middle  lobe, 
and  in  the  left  lung  marked  empyema,  with  air  vesicles  as  large  as  hazel-nuts.3 

The  haemorrhage  which  is  the  inevitable  consequence  of  these  injuries,  either 
infiltrates  into  the  lung-parenchyma  around  the  injury,  whence  it  escapes  into  the 
bronchi,  and  is  either  expectorated  and  aspirated  by  an  inspiratory  effort  into  the 
alveoli  of  other  parts  of  the  lung,  or  is  effused  into  the  pleural  cavity  ;  if  the  bleeding 
arising  in  the  alveoli  from  rupture  of  the  vessel  supplying  the  lobule  is  slight  in 
amount,  and  thrombosis  ensues,  the  lobule  bcomes  infiltrated  with  blood,  converted 
into  a  circumscribed  infarct ;  a  patch  of  gangrenous  lung-ti.-:sue  is  formed,  which 


1  '  Lymphorrheea,'  Gjorgjewic,  Archiv  f.  klin.  Chir,  vol.  xii.  1870. 

2  Brit.  Med.  Journ.  1859.  3  Lancet,  1873. 
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exciting  inflammation  in  its  neighbourhood,  if  it  be  small  leads  to  palpitation  and  the 
formation  of  an  abscess,  or,  if  extensive,  to  traumatic  gangrene  of  the  lung.  Other 
consequences  of  the  lung  injury  and  blood  infiltration  may  follow,  such  as  croupous 
pneumonia  and  pleurisy,  which  either  originates  independently  or  secondary  to  the 
lung  affection,  runs  a  mild  course,  or  leads  to  a  purulent  effusion  which  may  be  fatal 
from  septic  infection.  In  some  few  cases  the  lesion  may  excite  phthisis,  chiefly 
through  the  medium  of  the  previous  inflammatory  processes. 

M.  Gosselin  1  offers  the  following  explanation  as  to  the  probable  cause  :  that  at 
the  time  of  the  injury,  when  the  chest  receives  the  violence,  the  lungs  are  suddenly 
filled  and  distended  with  air  by  a  full  inspiration,  and  the  air,  prevented  from  escap- 
ing by  occlusion  of  the  larynx,  thus  becomes  pent  up  in  the  lung-tissue,  and  the  lung 
not  being  able  to  recede  from  the  superincumbent  pressure,  its  tissue  necessarily 
gives  way,  either  ruptured  directly  from  the  blow  at  the  seat  of  injury  like  a  solid 
viscus,  or  bursting  indirectly  like  an  over-distended  bladder  at  some  distance  off; 
this  view  is  confirmed  by  the  experiments  of  Courtois,2  which  proved  that  com- 
pression of  the  thorax  on  the  dead  body  when  the  trachea  was  ligatured,  produced  a 
rupture  of  the  lung  which  was  impossible  so  long  as  the  trachea  was  pervious. 

The  symptoms  depend  upon  the  extent  of  lung  injury.  They  may  be  altogether 
absent  in  the  first  degree,  or  constitute  some  pain  and  dyspnoea  and  slight  haemo- 
ptysis, which  soon  cease,  or  may  be  associated  with  the  physical  signs  of  localised 
pulmonary  alteration,  such  as  modified  dulnessand  absence  of  the  vesicular  murmur  ; 
complete  resolution  is  frequent  in  these  slighter  forms,  but  when  the  injury  is  more 
severe,  inflammation  follows,  with  pneumonia  or  pleurisy  of  moderate  intensity.  When 
extensive  laceration  of  lung-tissue  exists,  death  may  be  rapid  from  shock  or  haemor- 
rhage ;  if  the  patient  survive,  the  symptoms  will  vary  according  to  whether  the  pul- 
monary pleura  be  associated  in  the  laceration  or  not ;  if  it  be  torn,  the  signs  of  hremo- 
pneumo-thorax  follow  ;  if  intact,  the  physical  signs  of  a  pulmonary  cavity  are  present, 
such  as  cavernous  breathing,  gurgling,  metallic  tinkling,  &c.  There  is  considerable 
collapse,  with  small  pulse  and  cold  extremities,  and  even  insensibility,  severe  pain  and 
dyspnoea,  and  in  some  cases  haemoptysis  and  occasionally  subcutaneous  emphysema. 
As  the  immediate  symptoms  subside  they  are  followed  by  those  of  either  pneumonia, 
pleurisy,  or  gangrene  of  the  lung. 

Pneumonia,  like  the  traumatic  variety,  generally  is  limited  to  the  vicinity  of  the 
injury,  appears  on  the  second  or  third  day,  preceded  by  a  rigor,  is  accompanied  by 
the  usual  signs  of  pneumonia,  and  terminates  by  resolution,  The  character  of  the 
pleurisy  varies  according  to  its  origin,  extending  from  the  lung  or  resulting  from  the 
contact  of  air  with  a  haemo-thorax. 

Gangrene,  according  to  Fourrier,3  is  a  direct  result  of  the  contusion  of  the  pul- 
monary tissue,  and  he  has  grouped  together  the  principal  symptoms  which  charac- 
terise it  :  these  consist  of  an  intense  local  and  prolonged  pain,  a  severe  initial  rigor 
followed  by  fever,  cough,  haemoptysis,  and  later  by  the  gangrenous  odour  and  sputa 
if  it  remains  localised  to  the  lung,  it  may  be  recovered  from;  but  when  the  pleura  is 
involved,  it  is  usually  fatal.  The  diagnosis  is  not  difficult  when  the  symptoms  are 
well  marked,  but  in  the  slighter  forms  it  may  be  overlooked.  The  prognosis  is  pro- 
portionate to  thedegres  of  the  injury  and  the  complications  which  result  from  it,  and 
is  very  grave  in  the  severer  forms  ;  the  treatment  consists  in  fixing  the  chest  by 
bandage  when  necessary,  preventing  collapse,  treating  the  immediate  symptoms, 
especially  haemorrhage  and  pain,  and  the  consecutive  complications  as  they  arise. 

Fourthly,  severe  contusions  of  the  chest  may  be  followed  by  cerebral  congestion, 
by  arresting  the  respiratory  functions  and  inducing  venous  congestion  and  asphyxia ; 
thus,  heavy  weights  falling  upon  the  chest,  or  undue  and  prolonged  pressure  on  the 
ribs,  may  produce  epistaxis,  ecchymosis  of  the  eyes,  congestion  of  the  brain,  &c. 

Fifthly,  contusions  may  give  rise  to  pericarditis,  myocarditis,  and  endocarditis,  as 
evidenced  in  the  following  instances  : 

1  Mem.  de  la  Soc.  de  Chir.  de  Paris,  vol.  i. 

2  Etude  sur  les  contusions  du  Poumon,  1873.  These. 

3  JJe  la  Gangrene  pulm.  par  contusion  da  thorax,  1878. 
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A  child  1  received  a  blow  on  the  chest,  causing  great  pain  and  very  violent  palpitation  ; 
he  had  repeated  attacks  of  haemoptysis,  and  died  at  the  end  of  six  months.  There  was  peri- 
carditis and  carditis,  and  a  livid  sphacelated  spot  on  the  heart,  which  extended  into  the 
cavity  of  the  ventricle. 

Blancard  2  relates  the  case  of  a  peasant  who  was  thrown  under  a  cart ;  he  had  immediate 
pain  in  the  chest,  and  dyspnoea,  with  a  feeling  of  compression  of  the  heart ;  after  four  days 
he  went  to  work,  but  soon  after  he  had  violent  fever,  oppression,  and  delirium,  -with  insomnia, 
extreme  thirst,  and  frequent  syncope.  He  died  on  the  eleventh  day.  The  pericardium  was 
full  of  sanious  pus,  and  the  parietes  of  the  auricles,  here  and  there,  ulcerated  and  softened. 

Vernay  3  has  collected  sixteen  cases  of  endo — or  endo-pericarditis — in  which  such  a  cause 
existed,  and  quotes  the  following  example  of  traumatic  eudo-pericarditis.  A  man,  asred  23 
a  year  previously  had  been  crushed  by  the  fall  of  a  doorway.  He  continued  to  work,  and 
when  admitted  into  the  hospital  presented  an  extraordinary  convexity  of  the  thorax,  with 
dulness  on  the  left  side  in  front  and  behind.  The  pericardium  was  tapped  twice,  but  he 
died  in  twenty  days.  After  death  the  sac  was  found  distended  by  four  litres  of  serum,  the 
right  auriculo-ventricular  orifice  narrowed  so  as  to  admit  only  the  tip  of  the  little  finger,  and 
the  left  also  contracted. 

Sixthly,  contusions  of  the  chest  are  liable  to  be  complicated  with  injury  to  the 
heart  or  large  vessels,  causing  lesions  which  may  vary  from  simple  bruising,  and  with 
or  without  ecchymosis  below  the  endo-  and  pericardium,  to  complete  crushing  or 
rupture  of  the  muscular  wall.  In  contusion  the  surface  is  ecchymosed,  discoloured, 
and  softened,  and  this  may  extend  through  the  thickness  of  the  muscular  structure 
to  the  endocardium.  The  majority  of  ruptures  affect  both  the  heart  and  its  peri- 
cardium, but  more  exceptionally  they  involve  the  pericardium  only,  or  the  heart 
alone,  or  its  internal  structures,  such  as  the  valves,  septa,  or  columnas  carneae,  and 
vary  in  degree  from  slight  rents  to  complete  separation  of  the  heart  at  its  base.  The 
margins  are  either  cleanly  divided  or  irregular,  ecchymosed,  and  usually  gaping  ;  the 
wound  is  occasionally  plugged  with  a  coagulum,  and  limited  to  a  single  cavity,  although 
in  several  cases  (28  per  cent.)  more  than  one  rapture  is  present.  Cicatrisation  is 
unknown,  on  account  of  the  rapidly  fatal  character  of  the  injury.  When  the  peri- 
cardium is  injured  alone,  of  which  Fischer  has  collected  five  and  Schuster  4  three  ex- 
amples, the  rupture  is  generally  extensive,  and  frequently  extends  through  its  entire 
length,  as  in  the  following  case.  A  man  was  crushed  by  a  cotton  bale,  which  fell  on 
his  back.  After  death  the  pericardium  was  found  ruptured  throughout  its  length 
on  the  left  side,  and  the  anterior  mar-gin  of  the  left  lung  adherent  to  the  retracted 
right  border  of  the  pericardium,  so  that  the  inner  surface  of  the  lung  replaced  the 
deficient  pericardium.5  Stokes  relates  a  remarkable  case  which  recovered,  in  which 
the  heart  had  apparently  been  dislocated  to  the  right  side  through  a  large  rent  in  the 
pericardium,  so  that  the  apex  beat  on  the  right  side  of  the  sternum.6  Ruptures  of  the 
intracardial  structures  are  more  rare,  and  may  occur  alone  or  in  conjunction  with  a 
rupture  of  the  wall. 

Dezeimeris  reproduces  in  his  memoir  a  case  in  which  this  involved  the  septum 
ovale.  Prescott  Hewett  found  rupture  of  two  columnas  carneaB  in  a  boy  of  1 2  who  had 
fallen  from  a  height  and  who  died  in  four  hours,  and  Tenillon  7  relates  a  similar  case 
which  survived  sufficiently  long  to  permit  fibrin  to  be  deposited  on  the  ruptured 
columns. 

The  mechanism  of  the  injury  is  twofold,  being  caused  either  by  the  communica- 
tion of  the  shock  or  external  violence  from  the  wall  of  the  thorax  to  the  heart  indi- 
rectly, or  by  the  direct  pressure  of  fractured  ends  either  of  the  sternum  or  rib.  In 
the  former  case  the  rupture  results  from  the  inability  of  the  blood  to  escape  from  the 
compressed  organ,  or,  according  to  Gamgee*  from  the  jerk  of  the  contained  fluid. 
Chaussier  concludes  from  experiment  that  compression  of  the  aorta  leads  to  rupture 
of  the  left  cavities.  The  accident  js  rather  more  liable  to  occur  on  the  right  side,  as 
appears  from  the  following  figures ;  and,  according  to  Schuster,  the  different  cavities  are 
affected  in  the  following  order  of  frequency — right  auricle,  left  ventricle,  left  auricle 


'  Akenside,  Philosoph.  Trans,  vol.  i.  1764,  p.  353.  2  Lexicon  Med.  Renov.  1735. 

3  Gaz.  med.  de  Lyon,  1867.  4  Zeitschrift  f.  Heilk.  1881,  vol.  i. 

5  Lancet,  1878,  vol.  i.  6  Lond.  Med.  Gas.  1831. 

Le  Progrbs  med.  1879.  8  Researches  in  Path.  Anat.  1851. 
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and  light  ventricle.  A  large  proportion  of  the  cases  of  rupture  (64  per  cent.)  suc- 
cumb immediately  or  within  a  few  minutes  after  the  accident ;  others  survive 
longer,  one  for  fourteen  days  reported  by  Gamgee,  and  one  for  twelve  days  by  Fischer. 
The  symptoms,  if  death  is  not  immediate,  are  chiefly  those  of  shock,  syncope,  and 
occasionally  insensibility,  and  the  treatment  is  the  same  as  that  for  wounds  of  the 
heart. 

Elleaume         OHivicr      Gamgee      Fischer  Schuster 

Eifrht  11  8  12  18  1U 

Left  5  3  10  1!)  10 

Rupture  of  any  of  the  large  intrathoracic  vessels  may  occur  from  external  violence, 
the  accident  being  quickly  or  immediately  fatal ;  the  direction  of  the  rupture  is  most 
commonly  transverse,  and  extends  through  the  entire  thickness  of  the  wall,  or  more 
rarely  is  limited  to  its  internal  and  middle  coats,  thereby  predisposing  to  the  forma- 
tion of  a  dissecting  aneurism.  The  valves  of  the  heart  are  occasionally  torn, 
especially  by  muscular  exertion,  leading  to  fatal  termination,  at  a  sooner  or  later 
period. 

Alfred  Poland,  1870. 
R.  Lyell,  1882. 


*#*  Mr.  LyelVs  sudden  death  took  place  while  these  pages  were  passing  through 
the  press.  I  have  done  my  best  to  correct  inevitable  errors ;  but  I  am  aware  that 
some  may  have  escaj  ed  me.  The  reader,  I  hope,  will  excuse  this,  in  view  of  the 
lamentable  event  that  has  deprived  this  essay  of  the  final  revision  of  its  accomplished 
author. — T.  H. 
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INJURIES  of  the  abdomen  are  accidents  generally  of  a  grave  character,  with  the 
effects  of  which  the  surgeon  has  frequently,  but  too  often  hopelessly,  to  combat. 
To  ensm-e  a  careful  and  a  comprehensive  examination  of  the  nature  and  the  results 
of  these  injuries,  it  is  desirable  to  consider  the  following  points  ; 

a.  Contusion  of  the  parietes. 

1 .  Without  rupture  of  viscera. 

2.  With  rupture  of  viscera. 

b.  Wounds. 

1.  Wounds  of  the  parietes  without  protrusion  of  viscera, 

2.  Wounds  with  protrusion  of  viscera. 

3.  Wounds  or  laceration  of  viscera  without  protrusion. 

4.  Fistulas ;  gastric  and  biliary. 

5.  Artificial  anus, 

c.  Foreign  bodies  in 

1.  The  stomach. 

2.  The  intestines. 

3.  The  cavity  of  the  peritonaeum  and  in  the  abdominal  wall. 

Contusions. 

Contusion  of  the  parietes  of  the  abdomen,  without  rupture  of  any  of  the  abdominal 
viscera,  may  prove,  according  to  the  violence  of  the  injury,  of  serious  importance,  or 
trifling  in  effect.  But  even  a  slight  contusion  of  the  abdominal  wall  must  not  be 
regarded  too  lightly.  A  very  slight  blow  on  any  portion  of  it  may  produce  symptoms 
sufficient  to  excite  alarm,  or  demand  most  careful  consideration  in  treatment  j  and 
therefore  in  any  case  of  a  blow  or  other  violence  received  on  the  abdominal  wall,  the 
examination  of  the  patient  should  be  conducted  with  extreme  caution  and  judg- 
ment, in  order  that  the  utmost  amount  of  mischief  that  may  possibly  result  from 
such  an  accidental  cause  should  not  be  overlooked.  In  such  an  examination 
it  should  ever  be  borne  in  mind,  that  the  previous  general  condition  of  the 
part  injured  will,  to  a  certain  extent,  influence  the  results ;  and  that  in 
judging  of  these  results  we  must  look  to  many  relative  circumstances  :  whether 
the  abdomen  be  thickly  covered  with  fat,  or  diminished  in  size  by  general 
emaciation ;  whether  the  contents  of  the  stomach  and  intestines  be  considerable  in 
quantity,  or  whether  the  accident  has  occurred  some  hours  after  a  meal.  These 
and  other  circumstances  should  be  fully  inquired  into,  and  considered,  before  we 
decide  on  the  probability,  as  well  as  on  the  extent,  of  deep-seated  mischief.  Nor 
will  it  prove  a  small  satisfaction  if  we  can  arrive  at  something  like  a  favourable 
conclusion  that  the  bruise  of  the  integuments  is  not  attended  by  rupture  of  any 
viscus. 

Contusions  of  the  abdominal  wall  (in  which  term  we  include  merely  the  soft 
tissues  surrounding  the  cavity  of  the  abdomen)  are  various  in  their  primary,  as  well 
as  in  their  subsequent,  conditions.  Such  contusions  are  usually  the  result  of  falls  or 
blows  un  the  abdomen  ;  of  cart-wheels  passing  over  the  body ;  of  shafts  of  carts  or 
carriages  forced  against  it ;  or  of  a  quoit  or  cricket-ball,  or  other  rapidly  moving 
body,  striking  it.    Such  accidents  will  frequently  be  immediately  followed  by  intense 
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pain,  faintness,  and  vomiting,  without  any  injury  having  occurred  to  the  deeper 
tissues. 

A  quoit,  in  falling  towards  the  ground,  accidentally  struck  a  hoy  on  the  epigastrium. 
The  paiti  immediately  experienced  was  agonising  for  some  seconds,  and  was  attended  by 
great  difficulty  in  breathing.  The  boy  was  very  faint  subsequently.  Rest  on  a  sofa  for  the 
afternoon  was  the  only  treatment  adopted,  and  on  the  following  day  he  appeared  quite  well, 
nor  did  any  ill  effects  ensue. 

That  sudden  death  may  result  from  a  blow  on  the  epigastrium  or  abdomen,  with- 
out any  external  or  internal  injury  of  structure  being  detected  after  death,  is  not 
impossible,  but  it  must  be  an  exceedingly  rare  occurrence.  It  is  therefore  very 
desirable  to  inquire  what  evidence  we  possess  to  justify  us  in  accepting  the  statement 
that  death  may  follow  immediately  upon  a  blow,  without  any  actual  appreciable 
alteration,  or  injury  of  parts  contained  within  the  cavities  of  the  abdomen  or  thorax. 
It  cannot  be  disputed  for  a  moment  that  a  very  violent  concussion  of  the  abdominal 
viscera  may  be  rapidly  followed  by  death  ;  but  a  very  violent  concussion  would  act 
not  only  as  a  shock  to  the  nervous  system,  causing  stoppage  of  the  heart's  action,  but 
would  most  probably  produce  marked  evidences  of  injured  tissues,  readily  recognised 
on  examination  after  death.  But  there  are  several  cases  of  death  reported  to  have 
vapidly  followed  blows  on  the  abdomen,  in  which  no  evidence  of  altered  tissue 
nor  any  indications  of  bruise  could  be  found.  '  There  is  no  medical  doubt  that  a 
person  may  die  from  what  is  termed  shock,'  says  Dr.  Taylor,  '  without  any  marks  of 
severe  injury  being  discovered  on  the  body  after  death.  We  have  examples  of  this 
mode  of  death  in  accidents  from  lightning,  or  from  severe  burns  or  scalds,  in  which 
the  local  injury  is  often  far  from  sufficient  to  explain  the  rapidly  fatal  consequences. 
As  instances  of  this  form  of  death  from  violence  may  be  also  cited  those  cases  in 
which  a  person  has  been  suddenly  killed  by  a  blow  upon  the  upper  part  of  the 
abdomen  or  on  the  pit  of  the  stomach,  which  is  supposed  to  operate  by  producing  a 
fatal  impression  on  the  cardiac  plexus.  Whether  this  be  or  be  not  the  true  explana- 
tion, the  fact  itself  is  undisputed;  it  is  certain  that  a  person  may  die  from  so  simple 
a  cause  without  any  appearance  being  produced,  externally  or  internally,  to  account 
for  death.  On  the  skin,  there  may  be  some  marks  of  abrasion  or  slight  discoloration  ; 
but,  as  it  has  been  elsewhere  stated,  these  are  neither  constant  nor  necessary  accom- 
paniments of  a  blow.  Convictions  for  manslaughter  have  taken  place  when  death 
has  been  produced  under  these  circumstances.'  1 

In  confirmation  of  these  remarks,  Dr.  Taylor  refers  to  a  case  reported  by  Mr.  Wood,  of  Bury, 
Lancashire,  in  vol.  xliv.  p.  213  of  the  '  Medical  Gazette/  We  have  copied  the  general  particu- 
lars of  this  case,  that  our  readers  may  draw  their  own  conclusions  respecting  it.  '  On  the 
evening  of  July  6,  1849/  writes  Mr.  Wood,  '  I  was  called  to  see  David  Bates,  set.  31,  who  had 
suddenly  fallen  in  the  street  whilst  fighting.  I  found  liim  dead,  and  ascertained  that  about 
a  quarter  of  an  hour  had  elapsed  since  he  fell.  He  was  warm,  and  covered  with  perspira- 
tion ;  his  face  pale  and  cadaverous  ;  his  eyes  were  closed,  the  pupils  widely  dilated.' 

Nineteen  hours  after  death,  Mr.  Wood  made  an  examination  of  the  body,  of  which  the 
following  are  the  notes. 

'  External  appearance.  Escape  of  bloody  serum  from  the  nostrils ;  black  ecchymosed 
patch  on  the  bridge  of  the  nose  ;  contusion  under  right  ear  ;  slight  lividity  on  the  upper  part 
of  the  chest ;  contusion  on  the  left  elbow.  On  turning  the  body  on  the  face,  about  an  ounce 
and  a  half  of  dark  grumous  blood  escaped  from  the  nostrils. 

'  Abdomen.  Old  adhesions  of  the  omentum  in  the  right  iliac  region ;  arch  of  the  colon 
rather  dark ;  stomach  contained  some  half-digested  matter,  and  presented  numerous  ecchymosed 
points  in  the  mucous  membrane  of  the  posterior  surface  at  the  cardiac  extremity;  liver 
rather  small,  and  presented  a  slightly  mottled  appearance  on  the  surface;  kidneys,  spleen, 
and  pancreas  healthy. 

'  Thorax.  The  lungs  collapsed  on  opening  the  chest;  were  rather  darkly  mottled,  but 
healthy ;  congested  posteriorly.  Old  adhesions  between  their  posterior  borders  and  pleura 
on  each  side.  Heart ,  healthy ;  contained  very  little  blood,  which  was  huid.  The  blood 
generally  in  a  fluid  condition. 

'  Head.  Dura  mater  slightly  congested.  Pia  mater  on  the  surface  of  the  brain  and  in  the 
sulci  beticeen  the  convolutions  excessively  congested  ivith  dark  fluid  blood.2  No  fluid  in  the 
ventricles.    Substance  of  brain  healthy,  and  without  any  lesion. 

'At  the  inquest,  three  witnesses  stated  that  Bates  was  intoxicated,  though  not  so  much 
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so  but  that  lie  could  walk  and  stand  unsupported  by  others, — that  he  talked  a  good  deal  and 
challenged  his  antagonist  to  tight;  that  in  two  or  three  minutes,  the  combatants  being 
within  half  a  yard  of  each  other,  Bates  received  a  left-handed  blmv,  but  apparently  not  a 
severe  one,  in  the  pit  of  the  stomach  ;  that  he  fell  on  bis  face,  according  to  the  first  witness, 
within  half  a  minute  ;  according  to  the  second  witness,  in  a  moment  or  two  ;  according  to 
the  third  witness,  instantly,  dead.  The  first  two  witnesses  also  swore  that,  in  their  opinion, 
he  moved  his  arms  in  a  fighting  attitude  after  being  struck,  and  before  he  fell ;  as  they 
thought,  with  an  intention  of  continuing  the  tight.  The  third  witness,  however,  swore  that  there 
was  no  action  of  this  kind.  On  raising  him  from  the  ground,  which  was  done  immediately 
by  the  witnesses,  a  few  drops  of  blood  escaped  from  his  nostrils,  but  he  was  dead ;  and  all 
the  witnesses  agreed  that  no  indication  of  life  was  observed  in  him  after  he  fell.  On  being 
asked  to  give  my  opinion  as  to  the  cause  of  death,  I  stated  that,  inasmuch  as  the  post-mortem 
appearances  did  not  furnish  any  other  explanation,  I  unhesitatingly  attributed  it  to  concussion 
of  the  solar  plexus,  occasioned  by  the  blow,  which,  according  to  the  evidence  of  the  witnesses, 
Bates  had  received  in  the  epigastrium.'  Mr.  Wood  further  states,  that  Mr.  P.,  a  medical  gentle- 
man associated  with  Mr.  Wood  in  making  the  post-mortem  examination,  who  also  heard  the 
general  evidence,  stated :  '  The  condition  of  the  membranes  of  the  brain  proved  a  great 
amount  of  excitement,  and  that  this  alone  might  have  been  the  cause  of  death.'  The  jury, 
having  heard  conflicting  medical  opinions,  gave  the  benefit  of  the  difference  of  opinion  to  the 
prisoner,  and  returned  as  their  verdict,  that  Bates  died  from  over-excitement.  Mr.  Wood 
adds  :  '  The  opinion  expressed  by  Mr.  P.  appears  to  me  inconsistent  with  all  medical  experi- 
ence. I  think  all  experienced  pathologists  admit  that,  in  cases  where  sudden  death  from 
violence  or  accident  occurs  to  an  intoxicated  person,  it  is  usual  to  find  the  pia  mater  turgid 
with  dark  fluid  blood,  as  was  observed  in  this  case.  This  at  once  disposes  of  the  only  appear- 
ance existing  in  the  body  on  which  Mr.  P.  could  ground  the  opinion  he  expressed.  There 
was  no  evidence  adduced  of  any  extraordinary  excitement  in  Bates  previous  to  fighting ;  he  was 
drunk  and  quarrelsome,  but  showed  no  symptoms  of  oppression  of  the  brain.  lie  fell  im- 
mediately after  receiving  a  blow  in  the  epigastrium  ;  and  the  manner  of  his  death,  that  is, 
the  instant  extinction  of  life,  does  not  accord  with  our  experience  of  death  occasioned  by  any 
form  of  apoplexy,  an  attack  of  which  coincident  with  the  blow,  though  quite  within  the  range 
of  possibility,  might  fairly  be  considered  very  remarkable.  I  regard  the  case  as  an  unequi- 
vocal instance  of  death  from  a  blow  on  the  epigastrium.' 

Before  expressing  any  opinion  on  the  observations  of  Dr.  Taylor,  or  upon  the 
latter  case  and  Mr.  Wood's  remarks  upon  it,  attention  must  first  be  drawn  to  the 
following  extract  from  a  prize-essay  '  On  Wounds  and  Injuries  of  the  Abdomen,'  by 
the  late  Mr.  Alfred  Poland,  surgeon  to  Guy's  Hospital,  to  whom  the  author  is  greatly 
indebted  for  the  privilege  of  having  been  allowed  to  make  use  of  this  valuable 
manuscript : 

•  The  epigastric  and  upper  part  of  the  umbilical  regions  contain  such  numerous  and  such 
vital  structures,  and  above  all,  the  solar  plexus  and  its  numerous  branches,  of  such  high 
organic  importance,  covered  in  by  soft  parietes  little  capable  of  resisting  and  transmitting 
external  shocks,  that  it  is  not  to  be  wondered  at  that  death  should  be  an  immediate  result  of 
a  blow  in  these  regions. 

'  On  inspection  of  such  cases,  no  appreciable  morbid  changes  can  be  detected,  not  even  the 
trace  of  ecchymosis  about  the  parts. 

'  A  blow  on  the  pit  of  the  stomach — a  hit  in  the  wind,  as  it  is  called — does  not  act  so 
much  on  the  diaphragm  as  it  does  upon  the  nerves :  occasionally,  though  not  always,  there 
is  intense  pain  ;  but  sometimes  the  shock  is  so  severe  as  at  once  to  arrest  the  action  of  the 
heart,  and  the  man  is  killed  as  it  were  with  a  blow  even  of  a  trifling  kind.  Sir  A.  Cooper 
vised  to  state  a  case  which  came  to  his  knowledge,  though  he  was  not  an  eve-witness  of  the 
occurrence.  Two  men  were  working  near  the  East  India  House,  one  of  whom  bad  a  heavy 
load  which  he  was  wheeling  along  ;  his  comrade  said  to  him,  "  That  is  too  much  for  you ; 
stand  aside,  and  let  me — a  better  man — take  it."  He  accompanied  this  with  a  slight  blow 
on  the  serobiculus  cordis,  and  the  man  immediately  let  the  barrow  fall  from  his  arms.  He 
felt  a  severe  shock  ;  the  sudden  impulse  made  so  strong  an  impression  on  the  heart's  action 
as  to  stop  it,  and,  without  complaining  of  pain,  the  man  died  on  the  spot.  On  examination, 
no  lesion  was  discovered.  In  a  case  of  manslaughter  tried  at  the  Central  Criminal  Court  in 
August  1841,  death  had  been  caused  in  this  way  during  a  pugilistic  combat.  The  man 
received  a  blow  on  the  stomach,  and  fell  dead.  As  there  were  no  marks  of  external  injury, 
the  surgeon  thought  the  man  had  died  of  apoplexy.  In  the  latter  of  these  cases  there  is  no 
detail  of  the  post-mortem  examination  to  enable  us  to  arrive  at  a  satisfactory  conclusion. 
Another  case,  somewhat  more  conclusive,  but  complicated  with  pregnancy,  occurred  in 
March  1835,  and  was  the  subject  of  a  trial  on  the  Noi  folk  Circuit,  at  Cambridge.  John  Bond 
was  indicted  for  the  murder  of  his  wife  by  beating  her  with  a  codfish.  The  prisoner,  who 
was  intoxicated,  desired  his  wife  to  cook  the  fish,  which  weighed  about  six  pounds.  She 
refused,  because  it  was  not  a  seasonable  hour,  and  there  was  no  fire.  He  seized  the  fish,  and 
then  beat  her  over  the  abdomen  for  some  minutes  with  extreme  violence.  She  died  in  a 
short  time  afterwards ;  and  on  a  post-mortem  examination  the  marks  of  many  bruises  were 
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found  on  the  body.  The  deceased  was  in  the  last  month  of  pregnancy,  and,  in  the  opinion  of 
the  practitioner,  her  death  was  occasioned  through  the  shock  imparted  to  the  system  by  the 
violence  of  the  prisoner.' 1 

The  cases  related  by  Mr.  Poland  to  illustrate  the  theory  generally  received  as  to 
the  nature  of  these  accidents  are  only  three  in  number.  No  one  acquainted  with 
Mr.  Poland's  industry  can  suppose  that  he  would  have  overlooked  records  of  such  a 
class  of  interesting  cases,  had  there  been  many  reported  j  and  all  who  are  acquainted 
with  the  rich  stores  of  information  contained  within  the  case-books  and  museum  of 
Guy's  Hospital,  as  well  as  the  immense  practical  experience  afforded,  in  the  course 
of  years,  in  its  wards,  will  feel  satisfied  that  had  such  accidents,  illustrating  the  theory 
advocated  heretofore,  been  of  even  occasional  occurrence,  Mr.  Poland  would  have 
had  opportunities  himself  of  recording  several  such  facts.  The  case  related  by  Sir 
A.  Cooper  is  not  a  well-marked  illustration  of  this  accident :  the  blow  could  not  have 
been  of  a  severe  character ;  but  had  it  been  so,  it  does  not  follow  that  the  blow, 
independent  of  existing  disease,  occasioned  death.  It  is  stated  that  '  the  sudden 
impulse  made  so  strong  an  impression  on  the  heart's  action  as  to  stop  it,  and,  without 
complaining  of  pain,  the  man  died  on  the  spot.'  The  particulars  of  the  case  are  not 
satisfactory.  Nothing  certain  can  be  deduced  from  the  short  note  relative  to 
the  post-mortem  examination.  We  are  well  aware  that  in  such  examinations,  in 
past  years,  exact  pathological  conditions  were  not  appreciated  as  they  are  now,  and 
that  many  times  deaths  were  apt  to  be  attributed  to  accidents  or  insufficient  causes, 
which  in  our  days  would  bs  demonstrated  to  depend  on  actual  disease. 

In  the  second  case  there  is  not  much  to  justify  an  inference  that  the  blow  caused 
death.  Men  engaged  in  pugilistic  encounters  may  possibly  die  from  exhaustion  ;  and 
death  in  such  instances  may  more  reasonably  be  attributed  to  a  series  of  blows, 
and  the  exhaustion  produced  by  the  exertion  entailed  by  fighting,  than  ascribed  to 
one  blow  unattended  by  organic  lesion. 

The  last  case  mentioned  by  Mr.  Poland  does  not  at  all  bear  on  this  subject 
Many  bruises  were  found  on  the  body.  Many  blows  received  from  any  heavy 
weapon  or  instrument,  by  a  person  in  an  advanced  state  of  pregnancy,  might  readily 
produce  such  an  amount  of  exhaustion  as  to  be  followed  by  death  in  a  very  short 
period ;  but  neither  this  case  nor  the  two  preceding  appear  to  the  author  to  sufficiently 
bear  on  the  point,  that  a  blow  on  the  abdomen  or  epigastrium  will  produce  sudden 
death,  without  the  existence  of  some  severe  organic  lesion  to  be  found  on  post- 
mortem examination.  The  woman  is  said  to  have  'died  in  a  short  time  after'  she 
received  the  injuries. 

With  respect  to  the  evidence  adduced  in  favour  of  sudden  death  in  Mr.  Wood's 
case,  it  must  be  allowed  that  such  evidence  is  entitled  to  great  consideration  ;  but 
there  are  circumstances  in  this  case  which  should  be  weighed  carefully,  for  no  satis- 
factory conclusions  can  be  arrived  at  from  the  report  of  one  solitary  example.  In 
the  first  place,  the  man  had  been  fighting  some  minutes ;  the  perspiration  on  the 
forehead  proved  much  exertion,  this  exertion  supervening  on  a  state  of  intoxication  : 
the  bruises  on  the  body  proved  that  the  man  had  been  'punished'  previous  to  the 
blow  on  the.  epigastrium,  which,  in  addition  to  the  exertion  of  fighting,  and  the  state 
of  intoxication,  formed  three  elements  in  favour  of  physical  exhaustion.  Then  the 
results  of  the  past-mortem  examination  of  the  head  rather  strengthen  the  supposition 
that  the  condition  of  the  pia  mater,  his  previously  intoxicated  condition,  the  various 
blows  received  in  fighting,  and  the  physical  exhaustion  from  the  mere  exertion  of 
fighting  in  an  inebriated  state,  with  a  consequently  excited  brain,  all  combined  to  j 
produce  death.  The  state  of  the  stomach  rather  indicated  the  effects  of  alcohol.  In 
death  from  alcoholic  drinks,  Dr.  Taylor  states  that  '  the  brain  is  found  congested,  and 
in  some  instances  there  is  effusion  of  blood ; ' 2  and  it  will  certainly  be  admitted  that 
in  a  state  of  inebriety,  violent  physical  exertion  entailed  by  a  pugilistic  encounter  I 
would  greatly  add  to  an  already  congested  condition  of  the  brain,  and  at  the  same  j 

1  '  On  Wounds  and  Injuries  of  the  Abdomen,'  prize-essay,  by  Alfred  Poland,  Esq. 

2  Taylor's  Medical  Jurisprudence,  p.  278. 
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time  produce  more  rapid  exhaustion  of  the  vital  powers  than  would  be  the  ease  in  a 
condition  free  from  the  noxious  influence  of  spirit. 

Still,  it  is  due  to  Mr.  Wood  to  state,  that  the  case  related  by  him  comes  near  to  a 
fair  illustration  of  the  statement  and  belief,  that  sudden  death  is  produced  by  a  blow 
on  the  epigastrium  without  evidence  of  organic  lesion.  In  further  confirmation  of 
such  an  injury  being  followed  by  rapid  death  we  are  indebted  to  Surgeon  Arthur 
Harding,  A.M.D.,  for  the  particulars  of  the  following  interesting  case  : — 

June  14,  1880.— No.  1824,  Private  J.  Coyle,  2/21,  R.  S.  R,  an  officer's  servant,  in  drivirg 
away  a  pony  from  the,  vicinity  of  his  master's  tent,  received  a  kick  from  the  animal  over  the 
region  of  his  liver;  he  at  once  said  to  a  comrade  standing  near  him,  '  I'm  done  for,'  and  fell 
down  apparently  dead. 

A  man  was  immediately  sent  to  the  hospital  for  medical  assistance,  and  on  my  arrival  at 
the  scene  of  the  accident  about  five  minutes  after  I  found  life  to  he  extinct. 

The  man  was  lying  on  his  hack,  and  his  head  supported  in  the  arms  of  a  comrade,  the 
eyelids  closed,  with  pupils  widely  dilated,  the  lips  blue,  and  face  somewhat  blauched  ;  on 
auscultation  no  heart  or  breath  sounds  were  audible. 

The  usual  remedies,  viz.,  stimulants,  artificial  respiration,  friction,  &c,  having  been  tried 
without  avail,  the  corpse  was  removed  to  the  mortuary. 

Autopsy. — Twenty-two  hours  after  death. 

External  appearances. — The  body  was  that  of  a  well-nourished  muscular  young  man  of 
about  20  years  of  age;  considerable  mottling  of  skin  was  pi'esent ;  a  faint  discoloration  like 
a  bruise  could  he  detected  at  seat  of  blow. 

Head. — Not  examined. 

Thorax. — On  opening  the  chest  the  lungs  were  found  to  be  collapsed,  and  healthy  in 
appearance;  there  were  slight  adhesions  of  old  standing  on  right  side. 

The  heart  was  normal,  and  contained  a  quantity  of  dark  blood  in  a  perfectly  fluid  state. 

No  fracture  of  ribs  or  other  injury  to  any  of  the  organs  contained  in  the  thorax  could  be 
detected. 

Abdomen. — There  was  no  injury  to  the  parietes  or  any  of  the  viscera. 
The  liver  was  uninjured,  normal  in  size  and  appearance,  but  on  being  cut  into  was  found 
to  be  full  of  blood,  which  flowed  freely  from  it  on  section. 
Kidneys  normal,  and  also  full  of  fluid  blood. 
Spleen  ditto  ditto. 

The  stomach  was  uninjured,  and  contained  a  small  quantity  of  semi-digested  food. 
The  intestines  showed  no  sign  of  rupture  or  other  injury. 

Remarks. — The  history  and  post-mortem  appearances  of  this  case  apparently  point  to 
sudden  death,  the  result  of  shock  to  the  sympathetic  system  of  nerves  paralysing  the  cardiac 
plexus,  and  thus  causing  cessation  of  the  heart's  action. 

The  man,  as  far  as  can  be  ascertained  by  inquiry  of  his  intimate  comrades  and  examination 
of  his  medical  history  sheet,  had  been  previously  perfectly  healthy,  thus  excluding  heart 
disease,  and  no  traces  of  injury  being  found,  lead  fairly  to  the  above  conclusion. 

As  the  authenticity  of  this  case,  owing  to  the  circumstance  of  its  happening  in  a  military 
camp,  surrounded  by  competent  and  trustworthy  witnesses,  and  the  vicinity  of  the  station 
hospital  admitting  of  almost  immediate  medical  attendance,  coupled  with  the  facilities  of 
post-mortem  examination  afforded  by  military  service,  render  it  in  my  opinion  a  valuable 
record  on  the  subject,  and  as  Mr.  Pollock,  in  his  article  on  '  Injuries  of  the  Abdomen,'  in 
Holmes'  '  System  of  Surgery,'  apparently  throws  some  doubt  on  the  few  recorded  cases  of  like 
injuries,  I  have  ventured  to  forward  this  report.1 

After  more  than  thirty  years'  experience  of  vast  numbers  of  accidents  admitted 
into  St.  George's  Hospital,  after  ample  opportunities  of  examining  in  the  dead-house 
a.  very  considerable  variety  of  cases,  after  reference  to  all  the  post-mortem  note-books 
accumulated  for  many  years,  and  after  inquiry  among  many  trustworthy  observers, 
the  author  has  not  been  able  to  procure  more  satisfactory  evidence  of  sudden  death 
after  a  blow  on  the  epigastrium,  without  lesion  of  viscera.  Asa  general  rule,  sudden 
death  attributable  to  a  blow  on  the  stomach  or  epigastrium  must  be  indeed  a  rare 
occurrence  ;  and  it  is  most  advisable  that  medical  men  should  be  extremely  guarded 
in  offering  an  opinion  as  to  the  cause  of  death  in  such  supposed  injuries,  without 
satisfying  themselves,  by  most  careful  and  .minute  post-mortem  investigation,  that  no 
violence  has  been  done  to  the  viscera,  either  abdominal  or  thoracic. 

But  a  very  slight  blow,  without  immediate  evidence  of  internal  mischief,  may  be 
followed  by  very  severe  and  alarming  symptoms. 

The  following  case  is  a  well-marked  instance  of  such  an  occurrence.    An  old  gentleman 


1  Army  Medical  Department  Report rvol.  xxi.,  1881,  Appendix  No.  VII. 
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rpceived  a  slight  blow  on  the  abdomen,  accidentally,  when  turning  in  bed.  He  thought  but 
little  of  the  circumstance  at  the  time,  but  a  few  days  afterwards  complained  of  pain  on  the 
right  side  of  the  umbilicus,  accompanied  by  tenderness  on  pressure;  with  these  symptoms 
commenced  a  sluggishness  of  the  bowels ;  a  few  days  subsequently,  the  pain  having  increased, 
a  well-marked  swelling  was  detected  at  the  part  to  which  pain  was  referred  ;  and  with  this 
swelling  entire  stoppage  of  the  bowels  was  established.  In  consultation  with  the  late  Dr. 
Ormerod  and  Mr.  Wildbore  of  Brighton,  the  author  saw  the  patient  a  fortnight  after  all 
action  from  the  bowels  had  ceased.  He  had  been  most  carefully  watched  by  Mr.  Wildbore, 
who  had  withheld  all  solid  food,  and  allowed  nothing  but  fluid  nourishment.  Leeches  had 
been  applied,  and  constant  fomentation  to  the  abdomen.  The  patient  had  taken  small  doses 
of  blue  pill,  at  intervals,  for  several  days.  The  tongue  was  moist  and  rather  white;  the 
pulse  quiet,  skin  cool,  no  vomiting  or  nausea  had  occurred.  To  the  right  of  the  umbilicus, 
there  was  a  distinct  deep-seated  mass,  conveying  to  the  touch  the  impression  of  a  portion  of 
bowel  matted  together,  and  thickened  by  deposit  of  fibriue.  Gentle  pressure  could  lie  now 
borne  better  than  a  few  days  previously,  but  still  produced  some  paitt.  On  pressing  the  part 
alluded  to,  a  sensation  was  conveyed  to  the  hand  as  if  flatus  was  moved  by  the  pressure,  and 
was  heard  apparently  passing  through  a  narrowed  channel.  Beyond  these  symptoms  there 
did  not  appear  to  be  anything  really  urgent;  for  although  the  bowels  had  not  acted  for  a 
fortnight,  they  were  not  distended;  in  consequence,  no  doubt,  of  the  very  judicious  treatment 
that  had  been  pursued  since  symptoms  of  constipation  had  set  in.  Examination  of  the  rectum 
proved  the  lower  bowel  to  be  empty.  It  was  now  decided  that  the  small  doses  of  blue  pill 
taken  twice  a  day  should  be  continued  ;  that  epithems  should  be  constantly  applied  to  the 
abdomen;  enemata  be  used  occasionally,  and  solid  food  be  strictly  avoided.  The  patient 
had  within  the  last  few  days  been  unable  to  retain  injections. 

The  pain,  tenderness,  and  swelling  gradually  subsided.  A.  few  days  subsequently,  the 
patient  was  moved  from  Brighton  to  Richmond,  and  bore  the  journey  without  suftering. 

On  the  twenty-eighth  day  of  the  coustipation,  he  was  again  seen  by  the  author,  in  con- 
sultation with  the  late  Mr.  Hills  of  Richmond.  The  patient  was  quite  cheerful,  his  tongue 
clean,  appetite  good,  and  pulse  quiet.  The  abdomen  was  not  distended,  pain  had  subsided, 
and  the  thickening  about  the  right  of  the  umbilicus  had  almost  entirely  disappeared.  On 
examination  of  the  bowel  per  anuni,  two  or  three  small  portions  of  feculent  matter  were 
felt.  Mr.  Hills  had  observed  the  day  previous  that  a  very  small  t  hin  portion  of  feces,  about 
the  thickness  of  a  clay-pipe  stem,  had  come  away  after  the  administration  of  an  enema.  In 
consequence  of  the  feculent  masses  felt  in  the  rectum,  it  was  decided  at  once  to  inject  a  large 
quantity  of  warm  water  into  the  bowel.  As  soon  as  this  had  been  done,  the  patient  was 
requested  to  sit  on  the  close-stool,  and  in  a  short  time  afterwards  passed  some  two  ounces  of 
feces,  with  t lie  water  just  administered.  The  latter  was  now  quite  tinged  with  feculent 
matter,— the  first  occasion  on  which  this  condition  had  been  observed  since  the  constipation 
had  set  in.  He  expressed  intense  mental  relief  at  the  improved  features  of  his  case,  and 
from  that  day  recovery  rapidly  took  place.  He  lived  several  years  after  his  recovery,  and  died 
from  the  effects  of  some  cerebral  mischief. 

A  boy  was  admitted  into  St.  C4eorge's  Hospital  late  one  evening.  He  complained  of 
great  pain  over  the  lower  part  of  the  abdomen,  but  no  clear  statement  of  symptoms  could  be 
obtained  from  him.  The  house  surgeon,  concluding  that  the  bladder  might  not  have  been 
emptied,  passed  a  catheter  and  drew  off  a  small  quantity  of  urine.  When  seen  by  the 
author  the  following  morning,  the  boy's  face  was  indicative  of  suffering  ;  the  brow  contracted, 
the  pulse  quick  and  sharp.  The  muscles  of  the  abdomen  were  resistant,  and  hard,  and  con- 
tracted ;  slight  pressure  produced  considerable  pain  over  the  lower  portion  of  the  abdomen, 
especially  towards  the  right  side.  There  was  evidently  peritoneal  inflammation,  from  some 
cause.  After  some  questioning,  the  lad  confessed  to  having  been  kicked  on  the  abdomen  by 
a  boy,  while  at  play,  the  afternoon  previous  to  admission,  and  that  much  pain  was  experienced 
after  the  kick.  The  lad  was  averse  to  mention  the  circumstance  when  he  got  home,  but  the 
pain  became  so  severe  the  following  day,  that  he  was  kept  in  bed  by  his  parents,  and  lastly 
brought  to  the  hospital.  Leeches  were  applied  to  the  abdomen,  followed  by  constant  fomen- 
tations, and  he  was  ordered  small  doses  of  calomel  and  chalk  every  four  hours.  The  next 
day  the  pain  was  less,  but  the  pulse  quick,  and  tongue  white  and  rather  dry.  The  leeches 
wme  repeated,  and  the  calomel  continued.  He  steadily  improved  under  treatment,  and  in  a 
few  days  was  convalescent.    He  soon  leit  the  hospital,  recovered. 

These  cases  of  injuries  to  the  abdomen  followed  by  inflammatory  peritoneal  action 
are  satisfactory  instances  of  favourable  termination. 

The  following  case  illustrates  the  more  severe  effects  of  peritonitis  after  an  injury.  A 
woman  was  admitted  into  St.  George's  Hospital  in  1859,  under  the  care  of  Mr.  Johnson. 
She  had  been  kicked  on  the  abdomen  by  her  husband,  on  the  lower  part  of  the  left  side. 
The  kick  was  followed  by  excessive  pain  and  general  peritonitis.  There  was  great  and  con- 
stant difficulty  in  procuring  action  of  the  bowels.  The  symptoms  were  treated  by  the 
application  of  leeches,  fomentations,  and  the  internal  administration  of  mercury ;  but  the 
tenderness  and  distension  of  the  abdomen,  constipation,  and  difficulty  in  passing  motions, 
continued  for  some  six  months.  The  patient  was  greatly  reduced,  and  when  she  left  the 
hospital  there  was  much  distension  of  the  abdomen,  general  pain  on  pressure,  and  an  inability 
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to  move  about  with  any  degree  of  activity.  The  diagnosis  was,  that  the  bowels  had  become 
matted  together  to  a  great  extent  by  adhesion  of  their  peritoneal  surface. 

These  cases  prove  that  we  may  have  to  contend  with  severe  symptoms  produced 
by  a  comparatively  trifling  injury,  and  that  we  may  find  but  slight  ultimate  mischief 
remaining  subsequent  to  most  alarming  conditions. 

Additional  cases  might  be  produced  to  illustrate  these  observations,  but  the 
relation  of  a  greater  number  would  not  more  clearly  explain  the  practical  results  of 
such  injuries ;  suffice  it  to  say,  that  the  slightest  blow  on  the  soft  walls  of  the 
abdomen  must  always  be  considered  with  care,  and  treated  with  due  caution  ;  but 
that  we  must  not  look  with  despair  on  what  may  at  first  appear,  from  the  severity  of 
the  symptoms,  a  most  formidable  injury. 

Let  us  inquir  e  what  are  the  pathological  conditions  and  consequences  of  a  blow 
or  other  injury  on  the  abdomen.    External  to  the  peritonaeum,  we  may  find — ■ 

1.  Rupture  of  muscle. 

2.  Contusion  of  the  soft  tissues,  with  extravasation  of  blood. 

3.  Without  the  former,  and  without  external  wound,  rupture  of  the  perito- 
naeum, and  consequent  extravasation  of  blood  into  the  cavity  of  the  abdomen. 

1.  Rupture  of  muscle  is  not  often  detected  as  a  result  of  external  violence  to  the 
abdominal  wall,  unless  the  accident  prove  fatal.  Any  direct  blow  may  rupture  the 
fibres  of  a  muscle,  without  producing  other  injury  ;  and  the  abdominal  muscles  are 
not  exempt  from  this  liability.  The  author  was  consulted  by  a  gentleman  suffering 
from  an  apparent  rupture  of  the  inner  fibres  of  the  recti  muscles,  about  midway 
between  the  umbilicus  and  pubes.  The  injury  was  the  result  of  a  book  falling 
directly  on  the  abdomen,  one  corner  striking  the  part  affected.  There  were  no 
severe  symptoms  immediately  subsequent  to  the  blow,  but,  after  recovering  from  the 
first  bruise,  there  remained  an  inability  to  perform  many  of  the  movements  of  the 
body,  especially  those  in  which  the  actions  of  the  abdominal  recti  muscles  are  much 
called  into  play.  In  the  recumbent  posture  on  the  back,  the  patient  was  unable  to 
raise  himself,  nor  could  he  do  so  without  turning  on  one  side— and  with  care  only 
could  he  move  ;  walking  to  any  extent  was  followed  by  discomfort,  and  even  pain  in 
the  region  injured.  The  local  conditions  presented  an  evident  separation,  or  want  of 
muscular  fibres,  to  the  extent  of  about  one  inch  and  a  half  in  diameter.  The  patient 
had  suffered  general  inconvenience  in  movement,  rather  than  any  constitutional 
disturbance ;  and  at  the  termination  of  twelve  months  after  the  injury,  appeared 
little  better  able  to  take  active  exercise  than  he  could  a  few  weeks  after  the  blow. 
It  was  not  considered  advisable  to  recommend  more  than  caution  in  exercise,  and  a 
support  to  the  abdomen,  so  as  to  restrict  extension  of  the  body,  either  sudden  or 
beyond  the  upright  position. 

As  the  result  of  tetanic  spasm,  we  have  witnessed  rupture  of  the  broad  muscles 
of  the  abdominal  wall. 

Mr.  Poland  has  favoured  the  author  with  notes  of  two  cases,  in  persons  of  advanced  life, 
in  both  of  which  rupture  of  the  rectus  took  place  from  the  patients  falling  against  their  iion 
bedsteads  in  the  wards  of  the  hospital.  In  each  instance,  the  patient  had  been  suffering  from 
severe  illness  ;  one  from  the  effects  of  fever,  the  other  from  disease  of  the  urinary  organs,  and 
both  were  at  the  time  greatly  reduced  in  strength. 

Legouest  reports  the  case  of  a  soldier,  aged  27,  w7ho,  while  performing  some 
gymnastic  exercises,  was  attacked  with  severe  pain  in  the  abdomen,  which  increasing  and 
being  accompanied  by  swelling,  he  was  taken  to  the  Hospital  of  Val  de  Grace.  A  little 
above  the  pubes,  a  hard,  well-defined  tumour  was  observed,  not  increased  by  coughing,  and 
which  followed  the  course  of  the  right  rectus,  increasing  in  breadth  towards  the  umbilicus. 
At  the  termination  of  a  week  only  slight  hardness  remained.  The  case  terminated  favourably, 
with  rest,  regimen,  and  cold  applications.1 

The  symptoms  of  ruptured  rectus  muscle  may  be  judged  of  from  the  foregoing 
cases  :  pain,  sudden  in  character,  most  probably  attended  by  swelling,  the  result  of 
effused  blood,  and  probably  indicated  by  a  dent  in,  or  by  a  marked  separation  of  the 
torn  ends  of  the  muscle ;  pain,  increased  on  motion,  even  to  such  an  extent  that 
movements  of  the  body  may  be  almost  impossible  for  a  time. 


1  Gazette  des  Hopitaux,  I860,  No.  76. 
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The  treatment  of  rupture  of  any  abdominal  muscle,  when  such  is  suspected  to 
exist,  must  chiefly  consist  in  rest,  and  attention  to  position,  so  as  to  relax  the  injured 
muscle.  The  results  are  generally  far  fiom  satisfactory,  after  the  patient  has  re- 
covered from  the  immediate  effects  of  the  accident ;  in  all  probability  much  weakness 
will  be  experienced  in  movements,  at  the  injured  part;  and  pain  will  most  fre- 
quently peisist,  as  a  lasting  evidence  of  permanently  damaged  tissue. 

Another  evil  is  very  apt  to  follow  upon  the  rupture  of  an  abdominal  muscle, 
however  slight  the  injury  may  be,  viz.  that  a  hernia  may  present  itself  at  the  point 
of  separation  of  the  muscular  fibres  ;  and  in  most  cases  such  a  consequence  may  be 
anticipated.  The  coverings  of  such  a  hernia  would  be  devoid  of  muscular  fibres, 
and  the  contents  would  be  little  liable  to  strangulation,  from  the  fact  that  the  sac 
is  devoid  of  a  constricted  neck.  A  large  pad,  with  a  bandage  or  truss,  must  neces- 
sarily be  worn  in  such  cases  for  life. 

We  have  not  been  able  to  satisfy  ourselves  that  there  is  any  foundation  for 
a  suggestion  of  Virchow,  viz.  that  abscesses  of  the  abdominal  wall  are  frequently 
dependent  for  their  cause  on  ruptured  muscle. 

Contusion  of  the  external  soft  parts  of  the  abdomen,  with  extravasation  of  blood 
into  the  cellular  tissue,  may  be  extensive ;  and  will  generally  be  indicated,  more 
particularly  a  few  days  after  the  injury,  by  the  usual  ugly-looking  patches  under  the 
skin,  of  blackish-red  colour,  which  subsequently  shade  off  into  blue  and  green,  and 
roughly  mark  out  the  extent  to  which  blood  has  percolated  into  the  surrounding 
structures.  Associated  generally  with  such  extravasations,  there  will  be  indications 
of  bruised  muscle  to  some  extent ;  the  patient  will  complain  of  pain  in  movements ; 
or  even  while  resting  quietly  in  bed,  will  experience  a  soreness,  or  discomfort  in  respi- 
ration. There  need  not  be  much  cause  for  apprehension  under  such  circumstances, 
provided  no  indications  be  present  of  peritoneal  injury. 

When  secondary  inconveniences  arise  in  cases  of  contusion  of  the  soft  tissues,  they 
occur  mostly  in  those  instances  in  which  large  quantities  of  blood  have  been  extrava- 
sated.  Blood  does  not  then  become  readily  absorbed  ;  and  suppuiation  and  abscess 
may  be  the  result.  The  former  will  often  become  extensive,  or  the  latter  may  form 
in  very  large  collections  of  matter  ;  and  either  may  lie  very  tedious  in  its  progress 
towards  reparation.  The  progress,  however,  will  be  slow  or  rapid,  for  good  or  for 
evil,  according  to  the  state  of  the  patient's  health  and  age.  In  an  unhealthy  condi- 
tion of  body,  suppurative  inflammation  will  generally  be  attended  by  much  constitu- 
tional suffering  ;  the  integuments  become  inflamed,  and  often  slough  ;  or  matter 
burrows  in  various  directions,  and  requires  constant  watching,  and  early  and  ample 
exit :  all  which  may,  sooner  or  later,  terminate  in  the  patient's  death,  without  having 
produced  visceral  complication.  In  old  age,  the  skin  is  more  apt  to  slough,  or  ulce- 
rate if  slightly  bruised,  and  if  undermined  by  much  extiavasated  blood,  the  injury 
may  rapidly  prove  fatal. 

The  quantity  of  blood  extravasated,  quite  as  much  as  the  direct  injury  to 
the  soft  parts,  must  weigh  in  the  balance  which  determines  the  formation  of  an 
adverse  or  favourable  opinion  regarding  the  patient's  future.  Given  the  amount 
of  the  extravasation,  we  may  almost  foretell  the  progress  of  the  case. 

But  a  direct  bruise  may  be  followed  by  a  slough  of  the  tissues.  This  result,  as  a 
general  rule,  is  not  a  common  feature  in  such  an  injury  to  the  abdominal  walls. 
Usually,  these  soft  parts  are  not  very  seriously  implicated.  Their  peculiar  attach- 
ments, their  relative  position  to  each  other  and  to  the  viscera,  render  them  capable 
of  receiving  pretty  considerable  pressure,  without  offering  much  resistance,  and  they 
may  thus  yield  to  and  avoid  the  effects  of  compression,  which  would  otherwise  be 
sufficient  to  destroy  their  vitality  at  once,  or  materially  interfeie  with  it  subse- 
quently. 

It  is  not  common  to  witness  extensive  or  serious  contusion  of  the  muscles  and 
external  soft  tissues  of  the  abdomen  alone,  short  of  more  serious  complications  in- 
volving some  of  the  viscera.  So  that  our  attention  need  not  at  present  be  directed 
to  such  contingencies,  as  the  lesser  evil  would  succumb,  both  in  symptoms  and  in 
treatment,  to  the  greater. 
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The  treatment  of  bruises  with  extravasated  blood  in  the  walls  of  the  abdomen  is 
very  simple,  and  should  be  similar  in  all  essentials  to  the  treatment  of  severe  bruises 
of  other  portions  of  the  trunk  or  limbs.  The  surgeon  should  ascertain,  without  delay, 
that  the  patient  can  pass  water  readily,  and  that  there  is  no  tinge  of  blood  in  the 
urine.  The  presence  of  blood  generally  indicates  deep-seated  extravasation  and 
visceral  injury. 

Rest  should  be  enforced  in  the  recumbent  posture,  or,  if  the  bruise  be  very  severe, 
or  the  extravasation  extensive,  strict  confinement  to  bed  should  be  enjoined;  fomen- 
tations should  be  applied  constantly  to  the  part,  to  relieve  pain,  and  they  much  aid 
to  soothe  the  soreness  and  lessen  the  stiffness  and  discomfort  of  the  bruised  tissues ; 
the  diet  should  be  regulated  according  to  the  patient's  powers  and  constitutional 
state. 

In  extravasations  of  blood  from  contusion  of  the  parietes,  our  watchfulness 
should  be  constant  whenever  the  extravasation  is  so  great  in  amount  and  of  such  an 
extent  as  to  occasion  a  prospect  of  suppuration.  Tha  circumstance  of  suppuration 
following  upon  such  extravasations  will  be  indicated  at  first  by  some,  more  or  less, 
constitutional  disturbance  :  slight  blush  commencing  on  the  surface  of  the  skin  over 
the  injured  part;  the  swelling  increasing  in  extent;  the  inflamed  skin  becoming 
shiny  and  tender  to  the  touch.  Should  such  evidences  of  commencing  suppuration 
manifest  themselves,  the  fomentations  may  be  changed  for  lint  or  cotton  wool  soaked 
in  warm  water  and  covered  with  mackintosh  or  oiled-silk.  As  the  local  mischief 
increases,  the  constitutional  disturbance  becomes  aggravated  ;  and  unless  the  symp- 
toms are  relieved  by  the  exit  of  the  matter  collected,  they  may  become  very  alarming 
in  character.  The  earliest  opportunity  to  give  escape  to  matter  must  be  sought  by 
the  surgeon.  A  free  incision,  under  circumstances  indicated  by  the  above  severe 
symptoms,  is  soon  followed  by  considerable  local  relief,  and  by  a  marked  ameliora- 
tion in  the  condition  of  the  patient. 

And  now  the  treatment  should  be  conducted  on  the  same  principles  as  in  similar 
injuries  of  other  parts.  Especial  care  should  be  taken  to  prevent  matter  burrowing 
deeply,  for  the  want  of  ready  external  outlets  ;  and  any  reluctance  in  the  wound  to 
heal  should  be  suspiciously  watched,  and  care  taken  that  if  any  sinuses  exist  or  ensue, 
they  be  laid  open  to  the  extreme  extent  of  practicability  and  safety,  freely  syringed 
with  some  warm  antiseptic  wash  and  covered  with  dry  or  tarred  cotton. 

Abscess,  the  result  of  extravasated  blood,  following  contusion  of  the  abdomen, 
may  prove  a  serious  as  well  as  a  tedious  matter,  when  pus  collects  and  burrows  in 
and  about  the  region  of  the  pelvis  :  nor  can  the  surgeon  be  too  circumspect  or  too 
energetic  in  his  efforts  to  give  an  early  and  ample  vent  to  purulent  fluid,  whenever  a 
suspicion  crosses  his  mind  that  matter  is  lodged  anywhere  in  the  neighbourhood  of 
the  original  injury,  and  within  reach  of  the  knife.  Months  of  suffering  may  result 
from  any  want  of  early  care  or  prompt  determination  in  the  treatment  of  such  a 
case  ;  and  it  is  no  uncommon  result,  that  a  patient  sinks  after  a  long  period  of  pain 
and  suppuration,  exhausted  by  the  profuse  drain  on  the  system  caused  by  the  secre- 
tion of  numerous  and  tortuous  sinuses. 

When  suppuration  has  once  commenced,  and  a  free  outlet  is  established,  the 
patient  should  be  supported  by  generous  diet  and  a  liberal  allowance  of  stimulants. 
Frequently  the  drain  on  the  system,  when  such  accidents  give  rise  to  suppuration,  is 
so  considerable  in  amount  that  large  quantities  of  stimulants  may  not  only  be  taken 
with  impunity,  but  appear  essential  to  the  maintenance  of  life  and  to  ensure  re- 
covery. 

Our  next  point  for  consideration  is,  the  probability  and  the  effects  of  rupture  of 
the  parietal  peritonaeum,  from  a  blow  or  external  violence,  without  injury  to  the 
abdominal  viscera.  The  question  which  may  naturally  be  asked,  is,  whether  such 
an  injury  can  occur  without  the  complication  of  visceral  mischief?  Experience 
answers  that  it  is  just  possible  occasionally  ;  but  that  in  the  majority  of  accidents,  in 
which  violence  is  applied  to  any  portion  of  the  abdominal  region,  such  a  result  is  the 
exception  to  the  rule.    In  most  instances,  the  symptoms  which  present  themselves 
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barely  justify  a  certain  diagnosis,  and  in  very  few  instances  a  difference  in  treatment 
from  that  necessary  for  injured  viscera.  That  the  peritonaeum  will  not  yield  to 
sudden  stretching  as  readily  as  some  of  the  tissues  which  lie  subjacent  to  it,  is  well 
illustrated  by  the  fact,  that  rupture  of  the  peritoneal  covering  of  the  uterus  has 
taken  place,  while  that  viscus  has  remained  entire  :  also,  by  the  fact  often  observed 
in  cases  of  enormous  and  rapid  distension  of  the  large  gut,  when  it  has  been  suddenly 
blocked  by  a  twist,  a  tumour,  or  other  mechanical  obstruction,  in  which  instances 
we  have  frequently  found  rents  in  the  peritoneal  coat  alone,  without  corresponding 
rupture  of  the  remaining  coats  of  the  bowel. 

The  following  interesting"  case  would  rather  fall  into  the  category  of  rupture  of  the  peri- 
tonaeum, with  subsequent  and  severe  haemorrhage.  The  author  is  indebted  to  his  friend  Sir 
It.  Martin  for  the  particulars.  Two  men  were  run  away  with  in  a  gig,  and  one  of  them 
— healthy,  and  about  25  years  of  age — was  thrown  out  with  great  violence,  and  fell 
from  a  height  of  many  feet  on  a  quarter-staff,  which  he  had  retained  in  his  grasp — the  one 
end  of  the  staff  having-  become  fixed  in  the  ground,  while  the  other  received  the  falling  man 
upon  his  epigastric  region.  It  was  represented  that  the  man  was  at  once  rendered  insensible, 
and  remained  so  for  about  an  hour:  soon  after  which  he  was  seen  in  bed  by  Sir  R.  Martin. 
'  The  countenance  and  general  appearance  had  all  the  characters  of  the  most  fatal  collapse  of 
remittent  fever,  witli  the  addition  of  urgent  terror.  There  was  the  concentrated  epigastric 
anguish,  and  the  body  was  fixed  and  immovable  ;  the  abdomen  being  enormously  tumid  and 
hard  as  a  barrel,  the  epigastric  region  intolerant  of  the  weight  even  of  the  sheet.  The  pulse 
was  not  to  be  counted,  and  the  skin  was  cold  and  damp.  I  considered  the  symptoms  refer- 
able to  both  epigastric  shock  and  haemorrhage.  Tbe  man  was  ordered  diffusible  stimuli,  with 
small  doses  of  calomel  and  opium,  which  were  continued  until  the  system  was  brought 
gently  under  mercurial  influence.  The  patient  recovered  steadily  and  without  accident.' 
Sir  11.  Martin's  remarks  at  the  conclusion  of  the  case  are  worthy  of  notice:  'We  can  but 
conjecture,'  he  says,  '  at  the  nature  and  extent  of  the  injury  in  this  case.  My  own  view  at 
the  time  was,  that  rupture  of  the  peritonaeum,  with  haemorrhage,  bad  occurred;  certainly,  I 
have  seen  men  killed  by  blows,  on  the  abdomen,  of  less  violence  than  took  place  here.  The 
anguish  of  both  mind  and  body  was  greater  than  I  remember  ever  to  have  seen,  either  in  the 
collapse  of  remittent  fever,  or  from  wounds  or  accidents. 

'  A  young  officer  of  dragoons,  who  was  shot  in  a  duel,  tbe  ball  passing  right  through  the 
liver  and  spleen,  suffered  much  anguish  during  two-and-thirty  hours  that  he  lived;  but  his 
sufferings  were  nothing  as  compared  to  those  in  the  case  above  described.  Indeed,  I  have 
never  witnessed  anything  like  them  in  severity,  the  patient  recovering  from  the  injury.' 

It  may,  however,  bo  objected  that  rupture  of  the  peritonaeum  by  sudden  force 
can  rarely,  very  rarely,  occur  without  some  laceration  of  the  part  which  the  injured 
membrane  covered.  And  this  no  doubt  is  the  fact  in  very  many  instances  ;  but  as 
the  consideration  of  ruptured  viscera  will  form  a  subsequent  portion  of  this  essay, 
the  complications  of  visceral  injury,  in  connection  with  simple  rupture  of  the  peri- 
tonaeum, need  no  further  mention  here. 

In  the  Museum  of  St.  George's  Hospital  is  a  preparation  1  in  which  may  be  seen 
a  laceration  of  the  peritonaeum  covering  the  mesentery,  the  latter  also  being  impli- 
cated in  the  laceration  to  the  extent  of  about  an  inch ;  there  were  also  to  be  seen 
several  small  accumulations  of  extravasated  blood  around  the  lacerated  part.  The 
injury  occurred  in  a  man  who  was  kicked  on  an  inguinal  hernia ;  the  protruded 
intestine  was  also  ruptured  at  a  point  distant  from  the  lacerated  peritonaeum  and 
mesentery. 

Our  diagnosis  of  the  injuries  already  considered  will  depend  on  symptoms  which, 
in  some  cases,  will  be  immediate  upon  the  injuries  ;  and  in  others  will  not  be  evident 
until  some  time  has  elapsed.  A  blow  upon  the  abdomen,  though  followed  by  much 
faintness,  need  not  be  necessarily  otherwise  than  harmless  in  its  effects ;  and  it  may 
be  pronounced  to  be  harmless,  if  the  faintness  be  not  lasting,  nor  followed  by  vomit- 
ing, or  pain,  or  great  anxiety,  with  disinclination  to  movement. 

Provided  there  be  no  visceral  complication  in  any  instance  of  rupture  of  the 
parietal  or  visceral  layers  of  the  peritonamm,  the  first  and  chief  danger  to  be  appre- 
hended from  such  an  injury  is  liamiorrhage.  If  the  rupture  of  the  peritonaeum  be 
confined  to  any  portion  attached  to  the  abdominal  wall  or  diaphragm,  the  probability 
is  that  there  will  not  be  haemorrhage  to  any  alarming  extent.  But  if  the  rent  occur 
in  a  portion  attached  to  a  pregnant  uterus,  to  the  omentum,  or  to  the  mesentery,  the 
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probability  is  that  haemorrhage  will  be  excessive,  and  it  may  prove  fatal.  Under 
these  circumstances,  there  will  be  general  blanching  of  the  surface  of  the  body,  a  cold 
clammy  skin,  anxiety  of  countenance,  constant  yawning,  sensations  of  great  distress 
and  sinking,  rapid  pulse,  and  great  restlessness  in  bed.  In  this  latter  respect  there 
is  a  most  marked  difference  in  a  patient  suffering  from  ruptured  viscera.  He  lies  in 
a  constrained,  quiet  posture,  usually  on  his  back  ;  the  muscles  of  his  abdomen  are 
tensely  contracted.  The  patient  with  ruptured  intestine  complains  of  severe  con- 
tinued pain,  always  accompanied  by  vomiting,  which  is  persistent  and  constant,  and 
which  nothing  relieves  :  but  with  rupture  of  the  peritonaeum  alone,  followed  by 
excessive  haemorrhage,  whatever  the  amount  of  pain,  vomiting  may  and  will  gener- 
ally be  entirely  absent ;  and  in  the  absence  of  pain,  the  patient's  anxiety  is  solely 
referred  to  the  extreme  collapse,  and  he  often  expresses  himself  to  be  dying. 

The  course  of  such  a  case  is  run  more  rapidly  than  that  of  one  with  ruptured 
intestine  without  haemorrhage.  A  few  hours  may  terminate  life,  before  any  second- 
ary action  has  had  time  to  commence.  It  is  the  extent  of  extravasation,  rather  than 
the  extent  of  laceration,  which  determines  the  rapidity  of  the  case  ; — it  is  that  alone, 
we  may  almost  say,  if  the  viscera  be  not  ruptured,  which  calls  for  our  utmost  care,  and 
aggravates  our  anxiety.  Short  of  haemorrhage,  and  short  of  ruptured  intestine,  a 
laceration  of  the  peritonaeum  need  not  alone  be  fatal — probably  will  not  be  fatal. 
The  conditions  generally  found  after  death,  when  haemorrhage  has  been  the  fatal 
cause,  are  either  rupture  of  the  mesenteric  vessels,  or  of  the  vena  cava,  or  other  large 
veins  or  arteries.  The  rupture  of  the  larger  vessels  seldom  is  the  result  of  a  blow, 
but  rather  that  of  heavy  weights  passing  over  the  body.  The  portal  vein  has  been 
found  ruptured  previous  to  entering  the  transverse  fissure  of  the  liver,  and  without 
laceration  of  this  viscus. 

In  the  treatment  of  such  injuries,  no  general  law  can  be  laid  down,  no  canon  can 
dictate  our  practice.  Passing  over  those  cases  in  which  excessive  haemorrhage  rapidly 
destroys  life,  and  which  admit  of  no  beneficial  or  mitigatory  tr  eatment,  let  us  look 
at  such  as  may  require  the  surgeon's  care,  and  may  be  successfully  managed.  The 
cases  which  will  demand,  and  will  repay,  the  most  careful  watching — perhaps  much 
active  and  assiduous  attention — are  those  in  which  the  injury  is  followed  by  peri- 
tonitis, either  of  a  chronic  or  of  an  acute  character.  Such  cases  must  be  constantly, 
frequently,  and  most  carefully  watched  during  the  early  days  after  the  accident ;  for 
it  may  well  be  laid  down  as  a  maxim,  the  truth  of  which  we  have  already  illustrated, 
that  the  most  trifling  blow  on  the  abdomen  may  be  followed  by  symptoms  sufficiently' 
serious  and  alarming,  and  require  our  utmost  skill  and  attention. 

In  most  cases,  should  symptoms  of  peritonitis  supervene,  we  may  safely  resort  to 
the  free  application  of  leeches  to  the  abdomen,  over  the  part  chiefly  in  pain ;  and 
these  should  be  followed  by  large  and  hot  fomentations  of  moist  flannels,  or  flannel- 
bags  containing  bran  or  camomile,  wrung  out  of  hot  water. 

Sometimes  the  relief  to  pain  and  the  personal  and  local  comfort  afforded  by  leeches 
and  subsequent  warm  applications,  is  most  marked  in  these  cases,  and  often  highly 
satisfactory  to  the  patient  and  beneficial  in  treatment.  Opium,  under  the  circum- 
stances of  peritonitis  supervening,  is  the  sheet-anchor  of  the  vessel  riding  in  a  gale 
of  wind.  Opium  should  be  given  freely,  fully,  and  frequently.  The  index  to  its 
limit  is  the  effect  on  the  system.  We  should  only  allow  it  to  be  diminished  or  with- 
drawn when  narcotism  is  indicated  by  the  manner  of  the  patient,  or  the  effect 
observed  on  the  irides,  or  an  abatement  marked  in  the  severity  of  the  local  symptoms, 
for  the  relief  of  which  it  was  ordered.  Calomel,  in  our  opinion,  should  also  be 
combined  with  opium,  in  these  peritoneal  affections,  though  only  in  small  doses  often 
r-epeated.  It  should  be  withheld  on  the  first  evidence  of  its  specific  action  on  the 
mouth  and  tongue. 

Purgation  should  be  avoided  as  a  provocative  of  inflammation  in  these,  as  in  all 
inflammatory  affections  within  the  region  of  the  abdomen  resulting  from  injury.  If 
rest  be  desirable  to  the  broken  limb,  equally  is  quiescence  necessary  to  the  recovery 
of  the  patient  with  lacerated  tissues  within  the  cavity  of  the  abdomen ;  and  anyr 
purgative  may  be  looked  upon  as  mischievous  in  such  injuries.    To  allow  an  in- 
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flamed  eye  or  any  injured  organ  to  recover,  we  advocate  rest,  that  nature  may 
exercise  her  share,  not  a  small  one,  in  the  restoration  of  each  to  health.  It  is  the 
well-judging  surgeon  who,  taking  a  hint  from  nature's  teaching,  leaves  to  rest  and 
quietude  that  which  by  active  treatment  might  be  seriously  injured.  And  yet 
purgatives  of  an  irritating  character  are  sometimes  recklessly  advocated  in  the  early 
stages  of  such  accidents  ;  a  treatment  which  cannot  be  too  strongly  condemned,  and 
a  practice  which  only  appears  adapted  to  accelerate  a  fatal  termination.  If  constipa- 
tion supervenes,  the  mercurial  treatment  should  be  steadily  persevered  in,  short  of 
salivation  to  the  slightest  degree  :  and  trust  should  be  placed  in  the  natural  action 
of  the  intestine,  subsequent  to  the  reduction  of  inflammation,  rather  than  in  any 
efforts  made  to  hasten  the  action  by  other  measures,  vv  ith  an  expectation  that  purga- 
tives can  lessen  the  local  mischief. 

Rupture  of  the  diaphragm  is  not  a  very  common  injury,  and  when  it  does  occur  is 
usually  the  result  of  much  external  violence.  In  such  a  case,  there  is  generally 
found  to  be  some  serious  visceral  mischief  associated  with  the  laceration  of  the  muscle. 
But  a  rupture  of  the  diaphragm  may  take  place  without  lesion  of  the  adjacent 
viscera ;  and  in  such  an  instance  haemorrhage  will  in  all  probability  be  small  in 
quantity. 

A  wound  of  the  diaphragm  may  be  readily  produced  ;  the  muscle  has  been  often 
transfixed  by  a  knife,  or  bayonet,  or  other  sharp-pointed  weapon  thrust  into  the 
lower  portion  of  the  thorax,  or  through  the  upper  portion  of  the  abdominal  wall.  A 
wound  of  this  muscle  produced  by  a  penetrating  instrument  will,  most  probably,  be 
complicated  with  wounds  of  some  of  the  adjacent  viscera  ;  and  in  such  a  case  haemor- 
rhage will  generally  be  rather  severe. 

A  rupture  or  wound  of  the  diaphragm,  if  not  complicated  with  visceral  injury, 
and  if  not  considerable  in  extent,  is  by  no  means  necessarily,  of  itself,  immediately  or 
ultimately  fatal.  Even  with  a  large  laceration  of  this  muscle  a  person  may  live  for 
some  months.  The  second  case  recorded  at  page  881  is  a  well-marked  instance  of  a 
severe  laceration  of  the  diaphragm  :  in  this  case  the  patient  survived  eleven  weeks, 
although  the  laceration  was  complicated  with  rupture  of  the  spleen. 

There  is  no  limitation  to  the  part  of  the  diaphragm  which  may  be  the  seat  of  a 
wound,  but  in  the  greater  number  of  cases  of  laceration  it  has  been  observed  that  the 
injury  has  been  confined  to  the  left  side.  Devergie  has  confirmed  this  observation, 
which  is  supported  by  the  following  instances  : 

Thomas  A.,  aged  20,  was  admitted  into  St.  Mary's  Hospital,  'suffering  from  pneumo- 
thorax and  diaphragmatic  hernia,'  of  which  he  died  about  thirty-two  hours  after  admission. 
'  The  opening  in  the  diaphragm  was  in  the  left  portion  of  the  tendon,  near  its  posterior  part, 
and  was  large  enough  to  admit  the  hand.' 1 

E.  L.,  aged  40,  was  admitted  into  Guy's  Hospital,  having  fallen  from  a  great  height  on 
the  deck  of  a  vessel.  He  died  about  three  months  after  the  accident.  An  opening  was  dis- 
covered in  the  diaphragm  a  little  to  the  left  of  the  oesophageal  opening,  about  two  and  a 
half  inches  iu  extent.2 

The  symptoms  of  laceration  of  the  diaphragm,  we  may  conclude,  will  be  gener- 
ally of  an  obscure  character ;  and  it  will  very  much  depend  upon  the  manner  in 
which  the  accident  occuired,  whether  sufficient  symptoms  will  be  referred  directly  to 
the  seat  of  injury  to  enable  the  surgeon  to  arrive  at  a  correct  diagnosis.  If  the 
ruptur  e  be  the  result  of  a  fall  from  a  height,  or  of  a  heavy  weight  having  passed  over 
the  abdomen,  there  will  be  so  much  general  bruising,  or  visceral  laceration,  that  any 
symptoms  of  rupture  of  the  diaphragm  will  escape  detection  in  the  more  severe  and 
urgent  condition  of  the  patient.  But  the  muscle  may  be  ruptured  by  sudden  spasm 
or  action  caused  by  a  slight  fall  or  slip.  The  patient  would,  under  such  circum- 
stances, be  cognisant  of  an  instantaneous  snap  or  darting  sensation  in  the  part, 
followed  by  intense  pain.  There  would  also  be  more  or  less  difficulty  in  walking ; 
inability  to  use  much  muscular  power ;  and  most  probably  some  disturbance  or 
difficulty  in  the  respiratory  movements. 

1  Brit.  Med.  Journ.  1858,  p.  022. 

2  Poland's  J'lize  Essay,  p.  330;  also  Guy's  Hasp.  Eepts.  1838,  p.  366. 
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Thomas  A.  (the  case  already  quoted1)  'slipped  while  walking  in  his  own  house  ;  and  in 
trying  to  save  himself  from  falling-,  gave  himself  a  severe  twist,  when  he  felt  something  snap 
at  the  lower  ribs  on  the  left  side,  followed  by  great  pain,  to  such  an  extent  that  he  could 
hardly  breathe  for  some  minutes.' 

A  laceration  or  wound  of  the  diaphragm  per  se  is  not  necessarily  fatal.  But  the 
aperture  in  the  muscular  septum  is  generally  productive,  sooner  or  later,  of  serious 
results.  These  serious  const  quences  arise  from  the  escape  of  some  of  the  contents  of 
the  abdomen,  through  the  laceration,  into  the  cavity  of  the  thorax  ;  such  a  protrusion 
constituting  that  variety  of  hernia  termed  phrenic  or  diaphragmatic.  '  A  uniform 
effect  of  these  ruptures  when  extensive,'  writes  Dr.  Alfred  Taylor,  '  is  a  protrusion  of 
the  stomach  into  the  chest,  with  sometimes  a  rupture  of  the  coats  of  that  orgau,  and 
extr  avasation  of  its  contents.' 1  But  portions  of  the  small  intestine,  transverse  colon, 
omentum,  and  spleen  have  been  found  in  the  cavity  of  the  pleura  subsequent  to  an 
extensive  laceration  of  the  muscle. 

The  symptoms  of  such  protrusion  into  the  cavity  of  either  pleura  would  be  gener- 
ally well  marked.  The  side  of  the  chest  implicated  will  be  somewhat  prominent,  and 
the  heart  will,  to  a  corresponding  extent,  be  pushed  over  in  the  opposite  direction. 
On  percussion  the  sounds  may  vary.  If  the  protrusion  be  stomach  or  intestine  dis- 
tended with  air,  the  resonance  will  be  most  evident ;  but  should  solid  viscera  have 
passed  through  the  laceration,  the  sounds  will,  to  a  corresponding  extent,  be  dull. 
No  respiratory  sounds  will  be  heard,  under  either  condition,  over  the  part  in  which 
lie  the  escaped  viscera.  Constant  vomiting  will  also  be  generally  present.  With 
the  escape  of  portions  of  the  viscera  into  the  cavity  of  the  chest,  obstruction  to  the 
passage  of  their  contents  usually  occurs,  and  the  patient's  life  is  soon  sacrificed.  Or 
death  may  follow  an  attack  of  pleuritis  either  set  up  immediately  by  the  rupture,  or 
subsequently  produced  by  the  irritation  of  the  foreign  viscera  in  the  cavity  of  the 
thorax. 

We  have  not  much  to  say  on  the  subject  of  treatment  in  this  accident.  As  long 
as  the  opening  in  the  diaphragm  exists,  there  is  the  prospect  of  protrusion  of  viscera 
through  it,  and  consequent  obstruction.  To  attempt  to  close  the  aperture  by  any 
measures  which  mechanical  surgery  would  justify  would  involve  a  serious  risk;  but 
could  we  accurately  detect  the  existence  of  a  protrusion  of  viscera  through  the 
aperture  and  strangulation  exist,  it  would  only  be  justifiable  to  offer  the  patient  the 
alternative  of  the  operation,  with  the  forlorn  hope  of  some  benefit  resulting  there- 
from. 

Contusion  of  the  parietes  of  the  abdomen,  complicated  with  rupture  of  viscera,  is 
a  subject  replete  with  interest,  and  an  injury  more  formidable  in  its  character,  and 
more  fatal  in  its  results,  than  most  of  those  alluded  to  in  tins  essay. 

In  their  respective  order,  we  must  consider  individually  rupture  of  the  food-tube 
and  its  accessories  :  viz.  (1)  the  stomach  and  intestines,  (2)  the  liver  and  the  spleen. 

As  the  result  of  accidental  violence,  rupture  of  the  stomach  in  a  state  of  health  is 
a  very  rare  occurrence.  In  its  results,  as  a  rule,  it  may  be  considered  as  surely  fatal. 
Rupture  or  rather  perforation  of  the  stomach,  the  result  of  ulcer,  is  not  an  uncommon 
lesion  ;  but  is  one  rapidly  fatal,  and  consequent  on  a  long-standing  and  troublesome 
affection.  Such  an  occurrence  is  characterised  by  sudden,  sometimes  excessive,  pain, 
great  depression  and  intense  anxiety,  rapid  pulse,  and  every  indication  of  immediately 
approaching  death.  A  few  hours  suffice  to  terminate  the  sufferings  of  the  unfortu- 
nate victim  of  this  disease.  It  would  be  useless,  were  it  our  province,  to  offer  any 
remarks  on  the  treatment  of  such  a  case. 

The  blow  or  compression  which  would  in  a  state  of  repletion  be  sufficient  to  pro- 
duce a  large  rent  in  the  stomach,  would  occasion  but  a  very  small  opening  if  little 
food  were  contained  in  it;  but,  however  small  in  quantity  this  might  be,  the  escape 
of  the  smallest  portion  into  the  peritoneal  sac  would  be  sufficient  to  originate  violent 
inflammation,  and  that  of  a  rapidly  fatal  character. 

Under  any  circumstances,  can  we  entertain  a  hope  that  rupture  of  the  stomach 

1  Medical  Jurisprudence,  p.  392. 
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may  not  prove  rapidly  fatal?  It  is  just  possible.  If  the  laceration  of  the  coats  were 
confiii(d  to  those  portions  which  are  attached  to  the  omentum,  above  or  below,  extra- 
vasation of  the  contents  might  be  limited  in  quantity,  and  confined  to  parts  external 
to  the  cavity  of  the  peritonaeum ;  though  such  a  condition  would  probably  be  but  a 
temporary  stay  to  future  mischief;  for  the  extravasation  would  sooner  or  later 
terminate  in  suppuration,  and  the  secondary  mischief  set  up  prove  equally  fatal,  as  a 
rule,  as  when  it  follows  at  once  upon  the  escape  of  the  stomach-contents  into  the 
cavity  of  the  peritonaeum. 

It  is  probable  that  the  following'  case  may  bear  the  above  explanation.  A  woman  re- 
ceived an  injury  on  the  abdomen,  iollowed  by  an  indolent  swelling  over  the  left  part  of  the 
epigastrium, — which  swelling,  suppurating,  and  ulcerating  externally,  formed  a  fistulous 
communication  with  the  cavity  of  the  stomach.  The  woman  lived  some  months  alter  the 
formation  of  the  fistula.  On  the  examination  after  death,  the  opening  in  the  stomach  was 
found  towards  the  pyloric  extremity,  and  was  intimately  adherent  to  the  abdominal 
parietes.1 

In  the  first  number  of  the  '  London  Medical  Review,'  July  1800,  is  recorded  a  case  of 
rupture  of  the  stomach,  in  a  man  aged  24,  who  fell  from  a  ladder  on  some  iron  railings.  He 
died  about  eight  hours  alter  the  accident.  "When  admitted  into  the  Middlesex  Hospital, 
under  the  care  of  Mr.  Moore,  the  patient  was  perfectly  sensible,  but  in  a  state  of  great  pros- 
tration— pulse  very  small  and  feeble.  Brandy  was  administered.  This  he  took  with  great 
reluctance,  and  at  his  earnest  request  it  was  not  persisted  in.  He  stated  that  it  increased  his 
suft'erizigs. 

Post-mortem  examination. — '  The  cavity  of  the  peritonaeum  contained  about  twenty-six 
ounces  of  fluid,  resembling  coffee-grounds.  On  the  anterior  aspect  of  the  stomach,  just  below 
and  to  the  left  of  the  pylorus,  was  an  abrasion  of  the  peritoneal  coat  two  inches  in  length. 
Immediately  beneath  the  pylorus,  the  anterior  wall  of  the  stomach  was  completely  ruptured, 
in  a  horizontal  direction,  for  the  space  of  three  inches.  The  mucous  membrane  of  the 
stomach,  just  above  and  just  below  the  rupture,  presented  two  clean  cuts,  exposing  the  sub- 
mucous tissue,  which  was  intensely  injected.  The  upper  of  these  cuts  measured  three  inches, 
the  lower  one  an  inch  and  a  half'.'  Most  of  the  ribs  on  the  left  side  were  fractured,  and 
there  was  rupture  of  the  spleen.  '  There  was  a  superficial  abrasion  of  the  liver,  an  inch  long, 
on  its  inferior  surface.  Close  to  the  internal  abdominal  ring,  on  the  right  side,  was  a 
rupture  of  the  peritonaeum,  large  enough  to  admit  the  thumb.  There  were  also  numerous 
abrasions  of  the  peritoneal  coat  of  the  transverse  colon.' 

Perforation  of  the  intestine — that  is,  rupture  of  the  intestinal  coats — the  result  of 
external  violence,  without  any  external  wound,  is  by  far  the  most  frequently  formid- 
able injury  of  the  abdominal  viscera  with  which  the  surgeon  has  to  contend  in 
practice.  From  the  commencement  of  the  duodenum  to  the  termination  of  the 
sigmoid  flexure  of  the  colon,  in  any  part  of  the  whole  length  of  the  intestine, 
rupture  of  the  entire  wall  does  constantly  occur  from  violent,  sudden,  or  passive 
forces  applied  to  the  front  or  sides  of  the  abdomen.  We  propose  to  consider  the 
various  forces  which  produce  such  accidents,  and  the  various  situations  in  which  the 
injury  may  occur. 

Rupture  of  intestine  is  a  very  common  result  of  a  kick  from  a  horse ;  in  very 
many  cases  admitted  into  St.  George's  Hospital  with  rupture  of  the  bowel,  the 
injury  was  attributable  to  this  cause.  In  such  cases,  the  aperture  in  the  bowel  is 
generally  small ;  whereas  more  extensive  lacerations  are  found  when  the  injury  has 
been  caused  by  heavy  weights  passing  over  the  body.  In  the  latter  instances,  the 
intestine  may  almost  be  severed  transversely.  Every  variety,  from  a  small  pin-hole 
perforation  to  an  entire  tr  ansverse  division  of  the  walls  of  intestine,  may  occur  from 
a  variety  of  forces  acting  on  the  abdominal  walls ;  but  into  these  points  it  is  not 
necessary  to  enter  more  minutely.  It  may  fairly  be  asked,  whether  a  rupture  of  the 
intestine  is  to  be  considered  a  fatal  accident?  It  can,  we  fear,  rarely  happen  that 
recovery  should  take  place,  if  the  lesion  be  sufficient  to  per  mit  the  escape  of  fecal 
matter  into  the  peritoneal  cavity,  and  the  rupture  be  not  accompanied  by  an  external 
wound.  The  effects  of  such  a  lesion  are  so  formidable,  that  we  may  certainly,  as  a 
rule,  pronounce  all  such  cases  to  be  utterly  beyond  the  boundaries  of  relief  and 
recovery. 

A  man  was  admitted  into  St.  George's  Hospital  in  December  1841,  having  been  rolled 
upon  by  a  horse  that  fell  with  him.    The  patient  complained  of  severe  pain  across  the 
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abdomen  :  countenance  very  pale  ;  pulse  very  weak  ;  not  much  tenderness  on  pressure  ;  vomit- 
ing soon  commenced  after  admission.  The  'following  day  all  the  symptoms  were  aggravated ; 
the  pulse  became  very  quick  and  small ;  countenance  very  anxious.  He  died  thirty-four 
hours  after  admission.  There  were  general  adhesions  of  the  peritonaeum  to  the  great  omen- 
tum, and  also  of  the  convolutions  of  intestine  to  each  other;  the  lymph  being  of  dark 
grumous  colour.  The  cavity  of  the  peritonaeum  contained  a  large  quantity  of  bloody  fluid, 
quite  free  from  fecal  taint.  About  the  middle  third  of  the  jejunum,  the  bowel  was  formed 
into  a  kind  of  loop  from  adhesion  to  the  transverse  colon,  and  presented  avery  dark  and  con- 
gested condition  ;  on  separating  the  adhesions,  a  small  rupture  of  the  jejunum  was  seen  ; 
escape  of  the  contents  of  the  bowel  had  been  prevented  by  firm  adhesions,  and  also  by  a  large 
coagulum  formed  in  the  immediate  situation  of,  and  fairly  surrounding,  the  rupture.  Some 
portions  of  the  intestine  presented  a  dark  appearance,  as  if  bruised. 

Such  a  case  as  the  above  marks  the  possibility  of  rupture  of  intestine  without 
escape  of  faecal  matter.  This  patient  probably  died  as  much  from  the  effects  of 
inflammation,  set  up  by  the  bruised  intestine,  as  from  the  effects  of  the  rupture. 
The  post-moi'tem  appearances  in  this  instance  are  a  fair  index  of  the  pathological 
conditions  generally  found  after  similar  injuries. 

The  immediate  effects  of  such  a  lesion  as  rupture  of  bowel  from  external  violence 
are  most  characteristic.  The  pain  following  the  blow  is  rapidly  merged  into  that 
which  is  often  excessive,  and  is  apparently  the  result  of  the  escape  of  fseculent  fluid 
into  the  peritoneal  sac.  Pain  is  much  increased  by  pressure,  and  sometimes  to  such 
an  extent  that  the  patient  cannot  bear  the  weight  of  the  bed-clothes.  The  anterior 
abdominal  muscles  become  rigid  and  unyielding  to  the  touch  ;  tense,  hard,  and 
resistant  to  any  examination  by  the  hand  ;  and  almost  convey  the  sensation  of  a 
board,  rather  than  that  of  animal  tissue,  laid  over  the  surface  of  the  bowels.  If  the 
abdomen  be  uncovered,  and  the  patient  requested  to  draw  a  long  breath,  the  action 
of  respiration  will  be  observed  confined  to  the  thoracic  muscles  :  those  of  the  abdo- 
minal wall  will  be  still,  fixed,  and  unmoved.  The  countenance  rapidly  assumes  the 
most  anxious  and  restless  aspect ;  vomiting  sets  in  early,  and  is  more  or  less  constant 
and  distressing  to  the  end  ;  the  fluid  vomited  being  at  first  the  remains  of  the  last 
undigested  meal,  and  then  porraceous,  and  latterly  dai'k-coloured,  slightly  tainted  by 
fseculent  smell.  The  tongue  varies  in  appearance,  but  generally  is  coated  and  dry, 
and  red  at  its  edges;  great  thirst  is  often  a  marked  symptom.  A  symptom  spoken 
of  as  a  sure  indication  of  ruptured  bowel  is  early  and  excessive  collapse  ;  but  collapse, 
though  generally  present  to  a  great  extent,  will  sometimes  be  wanting  to  such  a 
degree,  that  if,  as  a  symptom,  it  be  much  depended  on,  an  incorrect  conclusion  might 
be  arrived  at  respecting  the  extent  of  the  injury. 

The  coachman  of  my  frieud  and  colleague  the  late  Dr.  Fuller,  Physician  to  St. 
George's  Hospital,  was  kicked  on  the  abdomen  by  a  horse,  early  in  the  morning.  The  man 
experienced  great  pain  immediately  after  the  accident,  but  was  able  to  walk  some  little 
distance  from  the  stable  to  his  lodgings,  and  then  upstairs  to  his  bedroom,  without  any  indi- 
cation of  collapse.  When  I  saw  him  with  Dr.  Fuller,  about  an  hour  after  the  accident, 
there  was  no  collapse,  and  the  pulse  gave  very  little  indication  of  serious  mischief;  but  the 
pain,  the  tense  state  of  the  abdominal  muscles,  the  anxiety  of  countenance,  and  the  vomiting 
then  present,  pretty  surely  indicated  rupture  of  the  gut.  The  post-mortem  examination  dis- 
played a  lacerated  opening  in  the  small  intestine. 

It  may  appear  superfluous  to  speak  of  treatment,  when  we  start  with  the  con- 
viction that  rupture  of  bowel  is  necessarily  fatal.  But  in  these  serious  injuries,  if 
treatment  is  to  be  of  avail,  it  certainly  appears  absolutely  necessary  that  all  our 
efforts  should  be  directed  to  the  maintenance  of  rest  in  the  injured  part.  It  will  be 
found  that  vomiting  and  costiveness  are  the  invariable  accompanying  conditions  of 
ruptured  intestine.  Nature's  indication,  as  well  as  nature's  effort,  appear  to  be,  to 
avoid  all  disturbance,  and  preserve  strict  rost  of  the  injured  part,  by  emptying  the 
tube  above,  and  arresting  its  action  below ;  and  the  lesson  she  teaches  us  we  should 
be  ready  to  appreciate  and  enforce.  Opium  administered  internally  from  the  first, 
is  one  great  indication  marked  by  her  teaching.  We  learn  the  advantages  of  opium 
administered  in  instances  of  bruised  or  inflamed  intestine  reduced  after  strangulated 
hernia ;  equally  important,  if  not  more  so,  is  the  action  of  this  drug  in  cases  of 
ruptured  bowel.  The  close  is  only  to  be  suspended  when  narcotic  effects  are  evident, 
but  otherwise  should  be  repeated  and  increased  until  some  beneficial  or  specific  action 
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is  observed.  Leeches  to  the  abdomen,  fomentations,  sinapism,  and  turpentine  on 
flannel,  should  be  applied  much  in  the  order  stated ;  and  the  leeches  repeated,  if 
requisite  to  relieve  pain,  &c.  In  such  cases  depletion  cannot  be  had  recourse  to 
often,  or  carried  very  far  with  benefit.  The  pulse  soon  begins  to  fail.  It  must  ever 
be  borne  in  mind  with  respect  to  treatment,  that  the  inflammatory  action  is  the 
result  of  local  extravasation,  and  not  of  idiopathic  or  constitutional  causes,  and 
therefore  less  under  the  influence  of  general  measures.  It  is  possible  mercury  might 
influence  for  good  in  such  cases,  but  not  without  opium;  with  opium  it  should  be 
administered  in  the  early  stages  of  the  symptoms,  in  small  and  oft-repeated  doses. 
One  grain  of  each  drug  may  be  given  every  three  or  four  hours.  The  repeated  doses 
of  opium  will  often  be  borne  for  many  hours ;  the  patient  can  in  no  way  be  injuri- 
ously affected  by  it. 

A  few  hours  to  three  or  four  days  will  be  the  extremes  of  time  that  a  patient 
may  survive  after  the  occurrence  of  a  rupture  of  the  bowel.  Upon  examination  after 
death,  marked  evidences  of  the  escape  of  the  contents  will  be  present  :  general  peri- 
tonitis, the  edges  of  the  convolutions  being  glued  together;  discoloured  and  purulent 
fluid  confined  between  the  folds  of  the  intestine,  and  especially  in  the  lower  portion 
of  the  peritoneal  cavity.  According  to  the  size  of  the  rupture,  so  in  a  great  measure 
will  be  the  amount  of  effusion,  as  also  the  rapidity  of  the  termination  of  the  case;  for 
the  symptoms  will  be  more  acute,  and  the  progress  more  rapid,  the  larger  the  escape 
of  fieculent  fluid.  The  wound  in  the  intestine  will  often  be  hidden  by  adhesions,  and 
care  is  sometimes  required  to  ascertain  its  situation.  It  will  probably  have  early 
become  adherent  to  the  adjacent  surface  of  bowel,  or  omentum,  or  any  neighbouring 
viscus,  and,  as  a  consequence,  before  the  period  of  death  escape  of  the  contents  of  the 
gut  will  have  ceased.  The  edges  of  the  wound  are  always  found  everted,  and  the 
mucous  coat  projecting,  plugging  up  the  aperture  when  not  of  a  very  considerable 
size.  , 

In  an  injury  such  as  we  have  now  considered  it  would  be  mere  conjecture  to 
suppose  recovery  probable  after  escape  of  faecal  fluid  into  the  peritoneal  sac.  It  only 
appears  possible  that  a  patient  should  even  survive  for  a  time,  i.e.  beyond  a  few 
days,  if  the  rupture  were  situated  at  the  attached  margin  of  the  bowel,  and  the 
escaped  fa?culent  fluid  were  confined  between  the  layers  of  the  mesentery.  In  such 
an  exceptional  case  we  must  expect  subsequent  serious  mischief.  Abscesses  and 
chronic  peritonitis,  and  more  or  less  adhesion  of  the  surfaces  of  the  intestines  and 
viscera,  would  be  the  chief  features  of  the  case  :  matter  might  approach  the  surface, 
and  be  detected  in  time  for  evacuation,  before  discharging  into  the  peritoneal  cavity. 
Such  a  case  is  not  unfrequently  met  with  after  convalescence  from  fever,  or  from 
ulceration  and  perforation  of  intestine  from  other  causes.  Such  a  case  would  be  long 
in  recovering,  and  would  call  forth  all  the  attention  and  skill  that  the  experienced 
practitioner  could  bestow  upon  it.  An  early  exit  for  the  pus  would  be  most  impor- 
tant, and  great  care  should  be  taken  to  prevent  burrowing  sinuses,  and  confinement 
of  matter. 

The  following  case  is  related  in  confirmation  of  the  above  remarks  : 

A  young  man  was  admitted  into  St.  George's  Hospital  under  the  care  of  the  author,  with 
symptoms  of  ruptured  intestine,  hut  somewhat  less  prominently  marked  than  is  usually 
observed  when  such  an  injury  had  occurred,  so  much  so  that  we  hesitated  to  give  a  positive 
opinion  as  to  the  exact  amount  or  situation  of  the  mischief.  Under  treatment,  for  a  few 
days  he  appeared  to  improve.  Then  worse  symptoms  set  in,  and  then  he  died,  1 2  days  after  the 
accident.  The  duodenum  was  found  lacerated  behind  the  peritonaeum.  Its  contents  had 
escaped,  and  set  up  suppuration,  which  had  travelled  down  in  front  of  the  right  kidney, 
behind  the  peritonaeum,  as  low  as  the  right  iliac  fossa. 

Lacerations  of  the  substance  of  the  liver  will  be  frequently  met  with  in  post- 
mortem examinations  of  persons  whose  death  has  been  occasioned  by  injuries  to  the 
abdomen  ;  but,  though  such  lacerations  are  not  uncommon  results  of  accidents,  the 
termination  need  not  necessarily  be  fatal. 

If  the  laceration  be  not  extensive — if  it  be  limited  to  the  surface  of  the  liver, 
merely  a  slight  superficial  crack — the  patient  may  recover  without  much  suffering, 
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and  without  any  particularly  marked  indication  of  the  existence  of  the  injury.  If 
the  laceration  be  at  all  extensive  or  deep,  the  patient  soon  dies  from  the  effects  of 
hemorrhage  into  the  peritoneal  cavity.  Port-mortem  examinations  bring  before  us 
every  condition  of  rupture,  from  the  slightest  rant  running  through  the  peritoneal 
covering,  and  barely  tearing  more  than  the  most  superficial  surface  of  the  liver,  to 
the  most  complete  smashing  up  of  the  organ.  Only  in  the  slighter  injuries  can  we 
anticipate  a  favourable  result.  Death  rapidly  steps  in,  and  appropriates  the  more 
serious. 

A  man,  aged  33,  was  admitted  into  St.  George's  Hospital,  November  25,  1847,  under  the 
care  of  Mr.  Cutler.  The  patient  was  blanched,  and  in  a  cold  sweat.  He  had  been  shortly 
before  kicked  on  the  epigastrium  by  a  horse.  The  man  was  in  great  pain,  and  excessively 
faint,  and  became  rapidly  more  exhausted.  He  died  an  hour  and  a  half  after  admission. 
There  were  marks  of  recent  ecchymosis  over  the  epigastrium,  and  in  the  substance  of  the 
muscles,  especially  on  the  left  side.  The  cavity  of  the  peritonaeum  contained  much  fluid 
blood.  There  was  a  very  extensive  laceration  of  the  liver,  nearly  separating  it  into  two 
portions,  these  being  held  together  by  nerves,  vessels,  and  some  shreds  of  bruised  liver-tissue. 
There  were  also  some  lacerated  spots  on  the  posterior  surface  of  the  left  lobe.  The  other 
viscera  were  healthy. 

Rupture  of  the  liver  may  occur  without  rupture  of  the  peritoneal  coat,  and  without  haemor- 
rhage into  the  peritoneal  cavity.  A  man,  aged  25,  was  admitted  into  St.  George's  Hospital, 
May  26,  1847.  He  was  pale,  cold,  and  gasping  for  breath.  He  died  in  two  hours.  The 
wheel  of  a  heavilydaden  cart  had  passed  over  him.  The  peritonaeum  covering  the  upper 
surface  of  the  liver  appeared  slightly  bruised.  On  cutting  into  the  upper  part  of  the  right  lobe, 
considerable  laceration  of  the  substance  was  found,  though  the  peritonaeum  was  entire. 

In  this  instance  there  was  also  extensive  laceration  of  one  lung1,  and  fracture  of  several 
ribs;  but,  irrespective  of  such  complications,  the  injury  to  the  liver  might  fairly  be  con- 
sidered as  one  favourable  to  recovery ; — an  instance  of  laceration  of  the  liver  unattended  by 
haemorrhage  into  the  peritoneal  cavity. 

We  cannot  mention  any  definite  symptom  by  which,  during  life,  a  rupture  of  the 
liver  may  be  unmistakably  detected.  If  the  rupture  be  slight,  there  is  but  little 
beyond  the  usual  symptoms  attendant  upon  an  injury  of  the  abdomen,  not  of  a 
severe  character.  Greater  tenderness  may  be  experienced  over  the  region  of  the 
liver  than  elsewhere ;  but  such  a  symptom  cannot  be  assumed  to  be  positively 
demonstrative  of  laceration ;  for,  on  the  one  hand,  the  tenderness  may  exist  after 
a  direct  blow  without  rupture,  or,  on  the  other  hand,  the  liver  may  be  lacerated 
from  violent  concussion  of  the  organ,  and  there  be  no  marked  or  defined  local 
pain. 

When  the  laceration  is  extensive,  it  may  be  suspected  more  surely  than  when 
slight,  from  the  rapid  collapse  of  the  patient ;  loss  of  pulse,  extreme  faintness,  pallor, 
and  great  distension  of  the  abdomen — all  indicative  of  excessive  internal  haemor- 
rhage. 

Injuries  of  the  abdomen  productive  of  laceration  of  the  liver,  and  attended  by 
such  haemorrhage,  are  perhaps  the  most  rapidly  fatal  of  all  ;  and  patients  will 
expire  in  periods  shorter  or  longer,  proportionate  to  the  amount  of  the  bleeding. 

It  would  be  useless  to  talk  of  treatment  in  such  cases.  Death  removes  the 
patient  from  suffering,  often  ere  the  question  of  restorative  treatment  can  barely  be 
entertained.  But  in  minor  lacerations  every  precaution  requisite  in  the  treatment 
of  other  injuries  of  the  abdomen  must  be  strictly  observed.  Absolute  rest  is  one 
most  essential  condition  to  be  insisted  on.  The  patient  should  not  even  be  allowed  to 
raise  himself  or  be  raised  in  bed,  if  it  be  suspected  that  much  blood  has  escaped  into 
the  cavity  of  the  peritonaeum  or  elsewhere.  For  under  such  circumstances,  though 
the  patient  may  appear  to  be  going  on  well,  death  may  occur  upon  the  slightest 
exertion.  If  pain  supervene,  and  the  pulse  indicate  increased  action,  leeches  may  be 
applied  with  caution.  But  opium  should  be  administered,  alone,  to  quiet  the 
nervous  system,  or  combined  with  calomel  in  small  doses,  should  peritonitis  be 
evidently  commencing.  Fomentations,  or  large  warm  poultices  applied  over  the 
whole  of  the  abdomen,  frequently  procure  considerable  relief  in  pain,  and  afford 
great  comfort  to  the  patient  under  such  circumstances.  The  treatment  must,  how- 
ever, be  guided  by  symptoms,  and  no  very  general  law  can  be  laid  down  as  to  its 
adoption. 
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Pain  is  frequently  felt  over  the  region  of  the  injured  part  for  some  time  subse- 
quent to  recovery  :  such  pain  indicates  the  necessity  of  care  on  the  part  of  the 
patient ;  for  secondary  inflammation  may  be  set  up  by  any  prolonged  or  reckless 
indulgence  in  exercise  or  violent  exertion.  It  is  always  impossible  to  estimate  the 
amount  of  injury  in  the  most  favourable  cases,  or  to  calculate  the  amount  of  blood 
extravasated.  With  judicious  treatment  in  the  early  stages  of  the  injury,  the 
rupture  of  the  liver  may  have  united,  and  the  effused  blood  may  have  commenced  to 
disappear,  but  adhesions  of  the  peritoneal  surfaces  about  the  injury  probably  exist  to 
some  extent ;  if  by  too  active  movements  on  the  part  of  the  patient  these  adhesions 
become  disturbed  or  destroyed,  all  previous  benefit  may  be  entirely  lost,  and  a  fatal 
termination  be  the  result. 

The  following-  case  indicates  the  extreme  importance  of  strictly  maintaining  the  recum- 
bent posture  after  severe  collapse. 

A  man,  aged  40,  was  admitted  into  St.  George's  Hospital  in  May  1845,  under  the  care  of 
Mr.  Cutler.  The  patient  was  in  a  state  of  collapse,  and  complained  of  intense  paid  over  the 
ahdomen,  which  was  considerahly  distended  ;  some  of  the  ribs  on  the  right  side  were  frac- 
tured. The  pain  gradually  subsided,  though  the  patient  remained  very  exsanguine.  He 
appeared  to  be  gaining  some  strength,  when  lie  died  suddenly,  three  days  after  the  accident, 
on  attempting  to  raise  himself  up  to  get  upon  the  bed-pan.  The  cavity  of  the  peritonaeum 
contained  a  large  quantity  of  blood.  The  convolutions  of  intestines  were  glued  together  by 
the  fibrin  of  the  extravasated  blood,  which  had  partially  lost  its  colour,  and  formed  slender 
adhesions.  There  was  an  extensive  rupture  of  the  liver.  The  ruptured  parts  were  well 
adapted  to  each  other,  and  pretty  firmly  united  by  the  fibrin  of  the  extravasated  blood. 

That  a  rupture  of  the  liver  may  unite,  and  that  a  pitient  need  not  die  from 
the  effects  of  such  an  injury,  there  can  be  no  doubt  :  the  following  case  is  an  illus- 
tration : 

A  man,  aged  38,  was  admitted  into  St.  George's  Hospital,  under  the  care  of  Mr.  Caesar 
Hawkins.  The  patient  had  fallen  from  a  hayrick,  and  struck  his  back  against  a  log  of  wood. 
There  was  complete  loss  of  voluntary  motion  and  sensation  in  the  parts  below  the  nipples. 
There  was  considerable  collapse,  which  continued  for  several  hours.  The  urine  drawn  off 
contained  a  large  proportion  of  blood.  Sloughs  formed  upon  the  back,  &c,  and  death 
occurred  exactly  three  weeks  after  the  accident.  The  body  of  the  seventh  cervical  vertebra 
was  broken  into  fragments,  and  the  spinal  cord  corresponding  to  this  vertebra  was  softened 
and  diffluent.  The  cavity  of  the  peritonaeum  contained  a  little  bloody  serum.  An  extensive 
rupture  was  found  on  the  upper  surface  of  the  right  lobe  of  the  liver:  this  rupture,  which 
measured  five  inches  in  length,  was  perfectly  united,  with  the  exception  of  some  few  points, 
where  the  peritoneal  coat  still  remained  broken  ;  but  no  lymph  was  found  on  the  serous 
membrane,  which  retained  its  polished  surface.  T/te  rupture  did  not  extend  very  deeply 
into  the  organ} 

Such  a  rupture  as  the  above,  occurring  without  other  mischief  to  the  body, 
may  reasonably  be  considered  as  by  no  means  fatal  in  its  character,  nor  in  this 
instance  can  the  injury  to  the  liver  be  looked  upon  as  at  all  implicated  in  the  cause 
of  death. 

In  conclusion,  from  the  results  of  the  cases  quoted,  and  for  the  reasons  adduced, 
we  may  fairly  state  that  the  treatment  of  the  convalescent  is  a  matter  of  as  great 
importance  as  that  of  the  patient  in  the  early  days  of  an  injury  suspected  to  be 
laceration  of  the  liver. 

Rupture  of  the  (j all-bladder,  or  of  the  common  duct,  may  occur  without  rupture 
of  the  liver.  The  symptoms  are  generally  marked — considerable  pain  in  the  region 
of  the  injury,  excessive  collapse,  and  great  anxiety.  Death  is  generally  rapid ;  and 
post-mortem  examinations  have  detected  the  escape  of  the  bile  into  the  cavity  of  the 
peritonaeum. 

Mr.  Poland  relates  the  following  case.  '  A  boy  received  a  blow  on  the  abdomen,  followed 
by  great  pain  and  speedy  death.  There  was  found  extravasation  of  bile,  and  rupture  of  the 
ductus  communis  choledochus,  with  lymph  thrown  out  in  the  neighbourhood.' 2 

Dr.  Fergus  has  recorded  an  interesting  case  of  rupture  of  the  trail-bladder,  in  the  31st 
volume  of  the  '  Medico-Chirurgical  Transactions.'  A  boy,  aged  17,  fell  oft'  the  shaft  of  a 
cart,  the  wheel  of  which  passed  over  the  abdomen,  just  below  the  false  ribs.    The  boy  com- 


1  '  Cases  of  Ruptured  Liver,'  by  Mr.  Athol  Johnson,  Med.-Chir.  Tram.  vol.  xxxiv. 
8  Trize  Essay,  by  Alfred  Poland. 
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plained  of  pain  in  the  abdomen,  but  not  of  a  severe  character  ;  the  amount  of  shock  was 
trifling-.  In  the  night  following  the  accident,  severe  pain  commenced  in  the  abdomen — the 
countenance  became  anxious  and  the  pulse  small  and  rapid.  These  symptoms  were  actively 
treated;  and  he  improved  so  much  that. on  the  fifth  day  after  the  receipt  of  the  injury  he 
was  considered  convalescent,  and  was  allowed  to  get  up.  Two  days  subsequently,  he  was  so 
far  recovered,  that  the  question  of  his  quitting  the  hospital  was  entertained,  when  about 
noon  he  was  suddenly  seized  with  extreme  pain  and  a  sense  of  tightness  in  the  abdomen :  in 
an  hour  the  pain  had  extended  all  over  the  abdomen,  and  was  increased  by  pressure ;  the 
countenance  was  one  of  great  anxiety,  and  the  pulse  small  and  rapid  ;  the  symptoms  present 
were  those  of  acute  peritonitis,  from  effusion  of  foreign  matter  into  the  cavity  of  the  abdomen. 
Notwithstanding  the  most  judicious  treatment,  the  symptoms  increased  in  severity,  and  the 
patient  died  on  the  ninth  day  after  the  receipt  of  the  injury. 

Ou  opening  the  cavity  of  the  peritonaeum,  an  immense  gush  took  place  of  a  dark  liquor, 
having  precisely  the  colour  and  odour  of  bile.  The  intestines  were  roughened  from  the 
effects  of  peritonitis,  and  shreds  of  lymph  were  floating  in  the  dark  fluid.  '  The  liver  was 
lacerated  in  the  direction  taken  by  the  broad  ligament,  quite  through  its  substance,  and  to  a 
depth  from  the  thin  edge  of  two  inches  and  a  half ;  another  laceration  extended  about  two- 
thirds  of  the  length  of  the  convex  surface  in  a  transverse  direction.  The  omentum  was 
found  rolled  up  in  a  mass  underneath  the  liver,  and  slightly  adherent  to  it,  of  a  dusky  dark 
colour,  and  gave  way  under  the  least  pressure.  The  neighbouring  portion  of  the  transverse 
colon  was  of  the  same  colour,  and  nearly  as  fragile.  The  gall-bladder  was  ruptured  above, 
near  the  junction  of  the  hepatic  with  the  cystic  duct,  at  a  spot  in  immediate  relation  and  in 
contact  with  the  mass  of  omentum  above  described ;  the  gall-bladder  was  quite  empty  and 
contracted. 

The  question  arising  from  the  history  of  this  case  is,  whether  the  secondary  and 
sudden  attack  of  inflammation  might  not  have  been  dependent  on  the  extravasation 
of  bile,  just  previous  to  the  attack  of  pain — this  extravasation  being  the  result  of 
some  of  the  adhesions  between  the  omentum  and  the  gall-bladder  becoming  broken 
up  by  accidental  causes.  The  case  points  out,  in  its  progress  and  by  its  result,  the 
very  great  importance  of  enforcing  rest  and  quietude  in  any  injury  of  the  abdomen. 
We  may  consider  that,  after  an  injury  to  the  abdomen,  a  patient  is  not  safe  under 
the  period  of  a  fortnight,  even  if  he  be  entirely  free  from  all  symptoms. 

The  spleen  is  frequently  ruptured  by  blows  or  falls  on  the  abdomen.  Such 
lacerations  generally  occasion  considerable  internal  haemorrhage.  The  symptoms 
attendant  on  any  rupture  of  the  spleen  will  barely  justify  an  opinion  being- 
hazarded,  whether  the  laceration  be  in  the  spleen  or  in  the  liver.  The  symptoms  do 
not  vary  much  in  either  injury  ;  the  only  points  which  can  in  any  degree  guide  our 
diagnosis  are,  the  nature  of  the  blow  and  the  situation  of  the  injury.  If  the  lacera- 
tion of  the  spleen  be  more  than  very  superficial,  haemorrhage  will  probably  be  more 
considerable  than  it  would  be  in  a  similar  extent  of  laceration  of  the  liver,  and  death 
will  rapidly  follow. 

A  boy  about  9  years  old  was  pushed  into  a  gravel-pit  by  a  companion,  and  in  falling 
struck  his  left  side  against  the  edge  of  a  barrow.  This  occurred  after  his  dinner  and  while 
on  his  way  back  to  school  for  the  afternoon.  He  felt  much  pain  at  the  time,  but  not  liking 
to  complain  managed  to  walk  into  the  schoolroom.  He  then  soon  became  very  faint,  and 
appeared  so  ill  that  he  was  at  once  sent  home,  but  a  short  distance  off;  and  was  immediately 
seen  by  Mr.  Halford,  of  Hammersmith.  He  found  the  little  patient  very  much  collapsed 
and  in  much  pain.  In  consultation  with  the  author  the  boy  was  seen  the  following  day. 
The  abdomen  was  distended,  muscles  unyielding,  and  all  the  general  indications  of  severe 
visceral  laceration  with  peritonitis  commencing. 

These  symptoms  increased  in  severity,  and  the  boy  died  a  few  days  after.  The  spleen  was 
found  nearly  separated  into  three  portions,  and  much  smashed ;  a  large  quantity  of  blood 
was  extravasated  in  the  abdominal  cavity,  and  mixed  with  recently  effused  lymph  and  puru- 
lent fluid. 

Though  rupture  of  the  spleen  need  not  prove  immediately  fatal,  secondary 
mischief  may  supervene  and  ultimately  produce  death. 

A  man,  aged  24,  was  admitted  into  St-  George's  Hospital  under  the  care  of  Mr.  Caesar 
Hawkins,  August  29,  1845,  having  fallen  from  a  scaffold  the  height  of  about  twenty  feet. 
On  admission,  the  patient  did  not  appear  to  suffer  more  than  from  a  serious  shake  ;  but  about 
three  hours  afterwards  he  became  collapsed  almost  like  death,  and  was  scarcely  conscious  for 
a  short  time.  He  gradually  recovered  from  this  condition,  and  then  complained  of  pain  in  the 
left  lumbar  region.  During  the  following  nine  days  he  had  repeated  fainting-fits  ;  but  these 
disappeared  subsequently,  and  he  appeared  to  be  gaining  strength  slowly.    In  October,  he 
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■was  sufficiently  recovered  to  sit  up,  and  even  walked  one  day  from  his  bed  to  the  fireplace  in 
the  accident-ward,  a  distance  of  about  twenty  feet.  Subsequent  to  this  exertion,  he  was 
again  attacked  with  faintings,  increased  pain,  cough,  &c,  and  he  died  November  15,  about 
eleven  weeks  after  the  accident. 

The  cavity  of  the  left  pleura  was  divided  by  adhesions:  the  upper  half  contained  serum 
and  flakes  of  lymph  ;  the  lower  half  was  filled  with  sero-purulent  fluid  and  lymph.  The 
pleura  corresponding  to  the  latter  surface  was  covered  with  a  thick  layer  of  lymph.  The 
surface  of  the  left  lung,  corresponding  to  the  diaphragm,  was  adherent  to  the  latter.  A 
large  foul  abscess  occupied  the  lower  portion  of  this  lung :  and  this  abscess  communicated 
with  a  large  cavity  containing  pus,  between  the  lung  and  the  diaphragm.  Corresponding 
to  the  lower  surface  of  this  cavity  was  a  ragged  opening  in  the  diaphragm,  about  an  inch 
in  length,  through  which  the  abscess  in  the  pleural  cavity  and  lung  communicated  with  one 
in  the  cavity  of  the  abdomen,  behind  and  to  the  left  of  the  stomach. 

The  surface  of  the  peritonaeum  was  throughout  of  a  black  colour,  as  if  washed  over  with 
ink.  There  were  numerous  adhesions  of  the  peritonaeum.  The  posterior  surface  of  the  left 
extremity  of  the  stomach  was  fastened  down  by  adhesions,  in  separating  which  an  abscess 
containing  half  a  pint  of  pus  was  found ;  the  walls  of  this  abscess  were  formed  by  the 
stomach  and  transverse  colon,  the  diaphragm,  and  the  upper  surface  of  the  left  kidney.  The 
spleen  was  found  ruptured  into  two  portions :  one,  the  upper  portion,  being  surrounded  by 
pus,  and,  as  it  were,  in  the  abscess;  while  the  other,  the  lower  portion,  was  situated  in  front 
of  the  abscess.  The  inferior  surface  of  the  diaphragm  corresponding  to  the  abscess  was 
lacerated  from  the  median  line  to  the  extent  of  six  inches  to  the  left  side. 

Rupture  of  the  kidney  is  a  lesion  often  met  witli  in  post-mortem  examinations 
of  individuals,  whose  deaths  have  been  occasioned  by  violence.  This  lesion  may, 
however,  occur  independent  of  injury  to  any  other  viscus,  and  the  termination  may 
be  rapidly  fatal.  A  bruise  of  the  kidney  may  occur  without  rupture  of  the  surface  ; 
and  subsequent  inflammation,  the  result  of  the  bruise,  produce  abscess,  and  other 
more  serious  mischief. 

A  crentleman  was  bruised  over  the  left  loin  by  a  fall  in  hunting,  and  experienced  severe 
pain  in  the  back  on  arriving  home.  He  was  very  judiciously  treated  for  some  weeks  after 
the  accident,  and  came  under  the  notice  of  the  author  some  months  subsequently.  The 
bladder  was  now  very  irritable;  and  highly  offensive  urine,  mixed  with  pus,  was  constantly 
passed.  There  was  every  evidence  of  abscess  of  tke  kidney  :  the  quantity  of  pus  was  some- 
times very  considerable.  The  health  became  gradually  deteriorated,  and  death  occurred 
about  two  years  subsequent  to  the  accident. 

The  left  kidney  was  entirely  destroyed ;  and  in  its  situation  was  found  a  large  irregular 
abscess,  with  its  walls  adherent  to  the  surrounding  soft  tissues,  and  its  cavity  continuous 
with  the  ureter. 

Without  much  more  external  evidence  of  bruise  than  in  the  previous  case,  very 
extensive  laceration  of  the  kidney  may  result  from  a  blow  over  the  lumbar  region. 

A  boy  was  struck,  over  and  rather  in  front  of  the  right  lumbar  region,  by  the  handle  of  a 
truck,  in  consequence  of  the  truck  coming  in  collision  with  a  waggon.  From  the  violence  of 
the  blow,  the  boy  was  forced  against  a  post  of  a  gateway.  He  immediately  fell,  and  though 
able  to  rise  and  walk  a  few  steps,  he  again  fell,  and  was  then  carried  to  Guy's  Hospital. 
He  was  in  a  state  of  extreme  collapse,  with  some  pain  in  the  abdomen.  He  died  within  a 
hour  and  a  half  of  the  accident. 

Externally  there  was  slight  ecchymosis  over  the  extremities  of  the  seventh  and  eighth 
ribs  on  the  right,  and  the  last  two  ribs  on  the  left  side.  The  eavity  of  the  peritonaeum  con- 
tained a  large  quantity  of  coagulated  and  fluid  blood.  All  that  portion  of  the  left  kidney 
above  the  entrance  of  its  vessels  was  torn  from  the  lower  portion,  and  was  separated  from  the 
natural  surrounding  attachments.  The  lower  portion  was  not  disturbed  in  its  position. 
There  was  some  ecchymosis  on  the  surface  of  the  liver,  opposite  to  that  on  the  chest.1 

In  proportion  to  the  severity  of  the  injury  must  we  anticipate  different  features 
in  the  symptoms  which  accompany  laceration  of  the  kidney.  Generally  there,  will 
be  excessive  collapse,  attended  by  early  vomiting  ;  pain  referred  to  the  course  of  the 
ureter,  as  well  as  to  the  lumbar  region  ;  retraction  of  the  testicle  and  frequently 
great  pain  referred  to  the  testicle  itself  and  to  the  lower  part  of  the  abdomen ;  and 
numbness  of  the  upper  part  of  the  thigh.  All  these  symptoms  will  probably  increase 
in  severity,  should  the  patient  survive,  and  infiltration  of  urine  occur.  The 
urine  drawn  off  will  be  high-coloured  and  scanty,  and  will  generally  be  much  tinged 
with  blood,  often  containing  a  very  large  proportion  of  blood.  There  will  frequently 
be  observed,  passed  through  the  catheter,  long,  thin  coagula,  casts  of  the  ureter, 
taken  by  the  blood,  as  it  coagulates  in  its  passage  to  the  bladder. 

1  Prize  Essay,  by  Mr.  Poland. 
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Should  the  rupture  of  the  kidney  be  confined  to  the  anterior  surface,  and  any 
escape  of  urine  occur  through  the  lacerated  part,  acute  peritonitis  will  rapidly  follow. 
If  the  rupture  be  confined  to  the  j'osterior  surface,  and  urine  be  extravasated  into 
the  sub- serous  cellular  tissue,  though  the  symptoms  may,  in  the  first  instance,  be 
less  indicative  of  peritonitis  than  in  the  former  condition,  suppurative  inflammation 
will  soon  be  marked  by  its  characteristic  symptoms ;  and  rigors,  high  fever,  typhoid 
tongue,  and  oedema  of  the  parts  in  the  neighbourhood  of  the  injured  organ  will 
telegraph  the  mischief  immediately  threatening  life. 

There  is  no  question,  however,  that  a  rupture  of  the  kidney  need  not  be  neces- 
sarily fatal.  The  following  case  is  a  fair  illustration  of  recovery  from  such  an 
accident. 

A  man,  aged  37,  in  June  1858,  was  taken  to  St.  George's  Hospital,,  having  been 
kicked  by  a  horse.  The  patient  was  very  faint  on  admission,  and  became  so  much  worse 
after  a  very  short  time,  that  it  was  supposed  lie  was  dying.  However,  he  rallied  by  degrees. 
After  a  short  period,  a  swelling  was  observed  in  the  region  of  the  liver.  The  belly  com- 
menced to  swell,  and  continued  to  do  so  for  some  time.  The  urine  at  first  passed  was  mixed 
with  blood  ;  on  the  day  following  the  injury,  there  was  less  appearance  of  blood  ;  and,  sub- 
sequently, the  urine  was  free  from  blood.  He  gradually  recovered  undtv  careful  treatment, 
so  as  to  leave  the  hospital  July  20,  about  six  weeks  after  the  accident,  in  a  pretty  good  state 
of  health  and  comfort.  On  December  14,  1859,  he  was  readmitted,  suffering  severely  from 
anasarca,  oppressed  breathing,  and  urine  loaded  with  albumen.    He  died  December  22. 

There  were  numerous  adhesions  uniting  the  right  lobe  of  the  liver  to  the  diaphragm,  but 
there  were  no  absolute  marks  of  recent  rupture.  Both  kidneys  were  small,  granular,  and  full 
of  cysts.  The  cellular  tissue  around  the  right  kidney  was  much  consolidated.  A  large  clot 
of  blood  occupied  the  pelvis  and  the  interior  of  this  kidney,  and  communicated  also  with  the- 
exterior  of  the  organ,  where  a  considerable  quantity  of  thecoagulum  lay  in  the  sub-peritoneal 
substance  around  the  gland.  The  line  of  rupture  of  the  kidaiey  could'  be  faintly  traced 
through  the  substance  of  the  gland.  The  blood  was  solid,  and  only  partly  decolorised.  The 
ureter  was  impervious  with  coagula.1 

We  may  conclude  that  recovery  is  a  result  almost  entirely  dependent  oa  the 
extent  of  rupture  ;  if  the  latter  be  slight,  recovery  may  readily  occur' — if  extensive,, 
treatment  is  hopeless  and  death  certain. 

A  man  was  admitted  into  St.  George's  Hospital,  under  the  care-  of  the  author,  with 
severe  pain  in  the  right  side  of  the  abdomen  and  loins ;  the  result  of  a  fall.  The  urine  drawn 
off  was  loaded  with  blood.  There  was  much  tenderness  on  pressure,  and  some  tumefaction 
with  resistance  of  the  abdominal  muscles  on  the  side  affected.  Symptoms  of  acute  peri- 
tonitis supervened,  and  the  patient  died  in  a  few  days. 

A  post-mortem  examination  disclosed  a  kidney  nearly  divided  in  two,  on  the  right  side, 
with  extensive  extravasation  of  blood  around  the  damaged  viscus,  but  confined  to  the  sub- 
peritoneal cellular  tissue,  and  mixed  with  foetid  purulent  fluixl,  apparently  the  result  of  urine 
extravasated,  and  escaping  from  the  lacerated  pelvis  of  the  kidney.  There  was  no  escape  of 
blood  or  urine  into  the  cavity  of  the  peritoneum. 

Absolute  rest  is  the  first  consideration  in  treatment.  Should  vomiting  or  pain 
set  in,  opium  should  be  administered  freely,  care  being  taken  to  relieve  the  bowels 
moderately.  The  urine  should  be  drawn  off,  in  order  to  ascertain  whether  blood  be 
contained  in  the  bladder  ;  and  should  this  be  the  case,  the  use  of  the  catheter  should 
be  had  recourse  to  daily  at  intervals,  until  the  urine  becomes  clear.  Supposing  the 
mischief  to  have  been  confined  to  the  posterior  surface  of  the  kidney,  and  we  have 
reason  to  suspect  extravasation  of  urine  through  the  wound,  we  must  be  prepared 
for  suppuration.  Frequent  and  careful  examinations  should  be  made,  in  order  that 
an  exit  may  be  secured  for  the  matter',  as  soon  as  its  existence  is  suspected  ;  we 
would  strongly  urge  the  advantage  of  a  premature  opening,  in  anticipation  of  the 
formation  of  matter,  rather  than  that  any  delay  should  occur  in  giving  it  vent,  when 
once  established.  Suppuration  in  the  lumbar  region  spreads  readily,  and  produces 
intense  constitutional  irritation,  and  will  prove  in  most  instances  rapidly  fatal. 
But  should  matter  extend  downwards  and  forwards,  free  incisions  early  made  afford 
the  best  prospect  of  recovery  to  the  patient. 

In  the  27th  volume  of  the  '  Medico-Chirurgical  Transactions,'  Mr.  Stanley  has  reported 
two  cases  of  ruptured  ureter.    A  boy,  aged  9,  had  the  lower  part  of  his  body  squeezed 
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between  a  wheel  and  the  curb-stone.  The  result  was  severe  contusion  of  the  soft  parts 
around  the  pelvis,  and  inability  to  walk,  with  great  pain  at  the  lower  part  of  the  abdomen. 
Much  ecchytnosis  ensued  and  was  followed  by  extensive  suppuration  in  the  subcutaneous 
tissues  round  the  pelvis ;  and  several  ounces  of  matter  were  discharged  through  a  puncture 
near  the  left  sacro-iliac  symphysis.  By  the  end  of  the  sixth  week,  recovery  of  the  injured 
soft  parts  round  the  pelvis  had  considerably  advanced,  when  attention  was  drawn  to  a 
fulness  on  the  right  side  of  the  abdomen — a  circumscribed  oblong  swelling,  extending  from 
the  base  of  the  chest  to  within  a  short  distance  of  Poupart's  ligament ;  anteriorly  terminating 
abruptly  at  the  linea  alba,  posteriorly  extending  into  the  lumbar  region,  but  without  a 
distinct  boundary.  Pressure  produced  no  pain,  but  fluctuation  could  be  recognised.  The 
urine  passed  naturally,  as  it  had  done  throughout,  and  the  passage  of  the  catheter  proved 
that  none  was  retained  in  the  bladder.  A  small  puncture  was  made  in  the  swelling,  and  a 
little  clear  yellow  fluid  escaped.  The  fluid  was  situated  immediately  beneath  the  abdominal 
muscles.  Three  weeks  subsequent  to  the  first  puncture,  the  swelling  being  more  tense  and 
pointed,  a  trocar  introduced  midway  between  the  last  rib  and  crista  ilii  drew  off  51  ozs.  of 
clear  yellow  fluid.  Eleven  days  afterwards,  58  ozs.  of  clear  yellow  fluid  were  drawn  oft'; 
sixteen  days  subsequently,  64  ozs. ;  nearly  three  months  afterwards,  72  ozs.  Three  weeks 
after  this,  only  6  ozs.  were  removed.  •'  From  this  period  the  swelling  was  without  increase 
or  obvious  diminution ;  it  still  extended  from  the  linea  alba  into  the  right  lumbar  region.' 
At  several  subsequent  periods  Mr.  Stanley  saw  the  boy  in  good  health,  the  abdominal 
swelling  still  distinct,  but  slowly  diminishing.  The  fluid  drawn  oft'  was  slightly  alkaline, 
highly  albuminous,  specific  gravity  1008,  depositing  no  precipitate,  and  destitute  of  phos- 
phates and  lithic  acid.  In  some  of  the  fluid  taken  away  at  the  later  operations,  there  were 
most  unequivocal  evidences  of  urea.  '  The,  analysis  of  the  fluid  seemed  to  justify  the  conclusion 
that  the  fluid  was  urine.' 

The  second  case  was  that  of  a  woman  who  was  knocked  down  by,  and  pushed  some  way 
before,  the  wheel  of  a  cart.     She  was  much  hurt  in  the  right  hypochondrium,  where 
pressure  gave  considerahle  pain.    In  a  few  days  the  general  distension  and  pain  of  the  abdo 
men  had  subsided,  but  there  remained  a  circumscribed  swelling  in  the  right  hypochondrium 
This  swelling  increased,  and  after  some  days  a  feeling  of  deep  fluctuation  was  discovered 
The  fluid  advancing  nearer  to  the  surface,  and  the  constitutional  symptoms  indicating  th 
occurrence  of  suppuration,  the  swelling  was  punctured  with  a  small  trocar,  and  between  tw 
and  three  pints  of  straw-coloured  urinous-smelling  fluid  drawn  oft'.    The  urine  from  th 
bladder  had  throughout  passed  freely  and  in  full  quantity.    In  ten  days  subsequent  to  the 
first  puncture,  a  trocar  was  again  passed  in,  and  about  six  pints  of  fluid  drawn  off.  Much 
relief  was  at  first  afforded,  but  subsequently  the  patient  sank,  and  died  in  the  tenth  week 
after  the  accident. 

'  A  large  cyst  was  found  on  the  right  side  of  the  abdomen,  behind  the  peritonaeum,  ex- 
tending upwards  to  the  diaphragm  and  downwards  to  the  pelvis.  The  boundaries  of  this 
cyst  were  formed  by  lymph  and  thickened  cellular  tissue ;  within  it  was  a  large  quantity 
of  fluid,  presenting  the  characters  of  a  mixture  of  pus  and  foetid  urine.  A  passage  was 
found  extending  from  the  upper  part  of  the  cyst  into  the  pelvis  of  the  right  kidney.  The 
aperture  in  the  pelvis  of  the  kidney  was  large  and  irregular ;  the  appearances  were  such  as 
might  be  expected  to  result  from  laceration  of  the  membrauous  structure  composing  the 
pelvis.  The  liver  presented  in  its  anterior  surface  the  marks  of  a  slight  laceration  of  its 
tissue,  which  was  in  progress  of  healing.' 

Mr.  Stanley  adds:  '  It  will,  I  presume,  scarcely  be  doubted  that  the  case  first  stated  was 
an  instance  of  lesion  of  the  urinary  appar-atus,  probably  a  slight  laceration  of  the  ureter ; 
permitting  the  escape  of  urine  slowiy  into  the  cellular  tissue  behind  the  peritonaeum.  Both 
cases  illustrate  the  difficulties  that  may  arise  in  the  diagnosis  of  such  injuries.  They  show, 
moreover,  that  the  rupture  of  the  ureter,  or  pelvis  of  the  kidney,  may  present  this  remark- 
able feature,  when  contrasted  with  the  consequences  of  a  rupture  of  the  bladder — that  whilst 
in  cases  of  the  latter  injury,  symptoms  immediately  arise,  directly  pointing  to  the  orga 
which  has  suffered,  in  cases  of  the  former  kind  (the  lesion  of  the  ureter  or  pelvis  of  th 
kidney)  no  symptoms  may  immediately  arise  leading  to  a  suspicion  of  injury  to  any  part  o 
the  urinary  apparatus.' 

We  have  already  alluded  to  the  possibility  of  recovery  after  laceration  of  a  kidne 
on  its  posterior  surface.  The  cases  recorded  by  Mr.  Stanley  tend  to  confirm  this 
view ;  and  they  also  indicate  the  advantages  of  an  early  exit  being  given  to  th 
contents  of  any  abscess,  or  cyst,  the  result  of  extravasation  of  urine.  Regardin 
this  point  of  treatment,  Mr.  Stanley  observes :  '  It  may,  however,  be  a  questio 
whether  the  best  proceeding  would  be  gradually  to  withdraw  the  fluid  by  repeatet 
punctures  of  the  cyst,  and  thus  to  favour  the  collapse  and  adhesions  of  its  side 
or  whether  the  urinary  cyst  should  be  punctured  at  its  lowest  part,  in  the  view  o 
maintaining  the  aperture  free  for  some  time,  that  the  fluid  may  drain  from  it 
Provided  the  fluid  be  at  all  purulent,  the  latter  method  of  treatment  would  no  doub 
be  most  judicious. 
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Wounds. 

1.  Wounds  of  the  parietes  without  protrusion  of  viscera. — We  now  enter  upon 
that  division  of  our  subject  which  treats  of  wounds  of  the  abdominal  wall,  occasioned 
by  a  variety  of  weapons  or  instruments,  without  injury  to,  or  protrusion  of  the 
viscera.  Wounds  of  the  walls  of  the  abdomen  are  very  common,  and  occur  from  a 
great  variety  of  sharp  or  pointed  substances,  intentionally  or  accidentally  thrust 
against,  or  that  suddenly  come  in  contact  with  the  surface  of  the  belly. 

Sharp  or  pointed  instruments  usually  produce  clean  incised  or  small  penetrating 
wounds.  The  larger  wounds  of  the  abdomen  are  the  results  of  persons  being  caught 
on  books,  or  impaled  on  iron  spikes  ;  falling  on  china,  or  through  glass ;  being 
tossed  by  horned  cattle,  or  lacerated  by  the  teeth  of  animals.  The  extent  and 
character  of  such  wounds  will  therefore  vary  in  every  possible  degree,  and  will 
depend  in  as  great  a  measure  upon  the  amount  of  force  by  which  the  instrument  of 
injury  is  propelled,  at  the  time  of  the  accident,  as  upon  its  shape,  and  the  direction 
in  which  it  enters  the  body. 

Superficial  incised  wounds  of  the  abdominal  wall  are  not  generally  dangerous  in 
their  character,  nor  troublesome  to  manage,  provided  the  viscera  escape  bruise  or 
other  injury  at  the  time  of  the  accident.  Lacerated  wounds,  when  superficial,  may 
also  be  considered  free  from  much  danger.  Bnt  deeper  wounds,  whether  incised  or 
lacerated,  without  injuring  the  peritonaeum,  are  more  serious ;  from  the  fact,  that 
there  is  always  a  liability  to  suppuration,  burrowing  deep,  and  extending  in  various 
directions  under  the  muscles  and  fascise.  The  principles  laid  down  for  the  treatment 
of  wounds  in  general  must  be  applied  to  those  of  the  abdominal  wall.  Haemorrhage, 
if  it  exist,  must  be  arrested.  Care  must  be  taken  to  clear  the  wound  of  any  foreign 
substance  accidentally  lodged  in  it ;  such  as  glass,  china,  or  portions  of  instruments 
broken  off  by  the  force  of  the  blow  which  inflicted  the  injury.  It  has  frequently 
occurred  that  large  foreign  masses  have  been  overlooked,  and  allowed  to  remain 
buried,  for  many  months,  in  the  muscular  wall  of  the  abdomen,  after  an  accidental 
gap  made  by  some  sharp  cutting  material. 

A  sailor  was  admitted  into  St.  George's  Hospital,  complaining-  of  pain  over  the  right 
lumbar  region  ;  produced  apparently  by  some  solid  substance  lodged  underneath  the  integu- 
ments. Mr.  Babington  cut  down  upon  the  mass,  and  extracted  the  shaft  of  an  originally 
three-pronged  steel  fork,  now  minus  a  handle,  and  with  only  two  prongs  attached,  one  prong 
having  been  broken  off  some  time  previously. 

Scrupulous  attention  having  been  paid  to  the  condition  of  the  wound,  and  it 
having  been  ascertained  to  be  free  of  any  foreign  substance,  the  treatment  should  be 
very  simple.  The  abdominal  muscles  are  to  be  relaxed  by  position,  especially  if  the 
edges  of  the  wound  have  the  least  inclination  to  retract.  As  a  rule,  sutures  will  be 
found  most  advantageous  and  effective  in  approximating  and  retaining  the  edges  in 
apposition.    Silver  wire  sutures  appear  in  many  respects  best  suited  in  such  cases. 

It  must,  however,  be  borne  in  mind  that  in  wounds  of  any  depth  about  the 
abdominal  walls,  especially  in  the  thicker  parts,  or  wherever  the  muscles  overlap 
each  other,  it  will  be  found  difficult,  if  not  impossible,  to  maintain  perfect  apposition 
of  the  whole  surface  of  the  cut.  There  is  always  in  such  wounds  a  tendency  for 
fluid,  serous  or  sanguineous,  to  accumulate  between  the  surfaces  at  the  deepest  parts. 
This  should  be  obviated  by  the  introduction  of  a  drainage-tube,  and  free  washing- 
out  with  lotion  of  sulphurous  acid,  McDougal's  disinfecting  fluid,  or  carbolic  acid. 

In  the  treatment  of  the  various  wounds  of  the  abdominal  wall,  however  pro- 
duced, it  is  always  necessary  to  bear  in  mind  that  the  treatment  should  be  somewhat 
modified  by  the  locality  of  the  mischief.  For  instance,  in  the  epigastric  region  a 
wound  is  apt  to  gape  more  than  when  situated  in  another  part,  on  account  of  its 
proximity  to  the  ends  of  the  ribs,  which  tend  to  keep  the  integuments  in  that  region 
always  somewhat  on  the  stretch.  It  will,  therefore,  be  uniformly  requisite  to  have 
recourse  to  sutures  to  maintain  perfect  apposition  of  the  cut  surfaces.  If,  again,  the 
muscles  are  cut  or  torn,  on  either  side,  transverse  to  the  direction  of  their  fibres, 
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attention  should  be  more  especially  directed  to  the  position  of  the  body,  to  relax 
those  muscles.  If  the  wound  be  in  the  iliac  region,  it  may  be  more  formidable  in 
its  real  than  in  its  apparent  char  acter ;  not  so  much  from  its  extent,  as  from  its 
depth  and  its  direction,  and  from  the  risk  of  the  iliac  arteries,  or  their  numerous 
branches,  being  punctured  or  bruised. 

We  have  already  stated  that  if  haemorrhage  exist,  it  should  be  arrested.  The 
"treatment  of  haemorrhage  does  not  fall  within  the  province  of  the  present  essay  ;  but 
perhaps  we  shall  be  excused  if  we  trespass  out  of  our  province  on  this  one  occasion, 
and  speak  an  extra  word  or  two  of  caution  to  the  practitioner  who  may  have  to 
deal  with  haemorrhage  in  a  wound  of  the  abdomen.  If  there  be  severe  haemorrhage, 
and  the  wound  not  sufficient  to  allow  the  bleeding  mouth  of  the  vessel  to  be  seen,  no 
hesitation  need  be  felt  regarding  treatment.  The  wound  should  be  enlarged — en- 
larged until  the  wounded  vessel  can  l>e  seen,  and  can  be  secured.  We  need  not  fear 
haemorrhage  so  long  as  such  a  wound  is  open,  and  we  can  place  a  finger  on  the 
bleeding  point.  When  the  surgeon  trusts  to  external  pressure,  and  closes  the  wound 
without  securing  the  wounded  artery,  then  there  is  abundant  cause  for  anxiety.  If 
those  principles  be  of  importance  in  haemorrhage  of  ordinary  character,  they  ar  e  ten- 
fold important  when  applied  to  the  treatment  of  wounds  in  the  region  of  the  groin, 
or  the  neighbourhood  of  the  crest  of  the  ilium. 

If  haemorrhage  be  present  from  a  punctured  wound,  but  not  in  sufficient  quantity 
to  indicate  the  necessity  of  enlarging  the  wound,  for  the  pm-pose  of  securing  the 
wounded  vessel,  the  wound  should  not  be  closed,  otherwise  much  extravasation  may 
•occur.  To  close  such  a  wound  under  such  circumstances  is  likely  to  entail  extravasation 
among  the  deeper  tissues,  to  be  followed  perhaps  by  much  suppuration.  It  will  be 
far  more  prudent  to  leave  a  punctured  wound  with  merely  some  light  application 
over  it,  such  as  Wet  lint,  and  thus  permit  oozing  to  continue  unchecked,  than  attempt 
to  interfere  with  such  bleeding  by  pressure. 

Punctured  wounds  of  the  abdominal  region,  as  in  all  other  parts  of  the  body, 
partake  of  a  more  complex  and  dangerous  character  than  the  incised  or  lacerated 
varieties.  It  is  frequently  difficult,  sometimes  impossible,  to  ascertain  the  extent  of 
the  mischief,  or  foretell  the  evils  about  to  occur  in  a  punctured  wound  of  the 
abdomen.  Mr.  Poland,  writing  on  such  wounds,  justly  observes  that  '  they  are 
not  unfrequently  followed  by  inflammation,  suppuration,  erysipelas,  prostration,  and 
death.'  Punctured  wounds  prove  most  troublesome  when  they  extend  below  the 
fasciae  of  the  abdominal  muscles,  and  give  rise  to  suppuration.  In  such  instances 
the  mischief  spreads  rapidly  in  the  deeper  cellular  tissue,  and  between  the  layers  of 
muscles,  unless  early  relief  be  afforded  by  freely  extending  the  original  wound.  In 
instances  of  the  above  injury,  if  the  external  wound  be  kept  closed,  and  much  extra- 
vasation have  occurred,  the  suppurative  stage  occasionally  produces  excessive  con- 
stitutional disturbance,  and  may  even  prove  rapidly  fatal. 

We  would  lay  it  down  as  a  rule,  firstly,  that  in  punctured  wounds  of  the  abdo- 
minal wall,  if  any  haemorrhage  be  present,  but  not  sufficient  in  amount  to  justify  or 
indicate  an  enlargement  of  the  wound  for  the  purpose  of  applying  a  ligature  to  the 
bleeding  vessel,  the  exit  of  the  flowing  blood  through  the  orifice  of  the  wound  from 
the  injured  artery  or  vein  should  not  be  checked  by  outward  applications.  By  far 
the  less  of  two  evils  will  be  to  allow  the  blood  to  escape  externally,  rather  than  by 
external  appliances  to  ensure  its  accumulation  in  the  tissues  surrounding  the  wound. 
We  would  lay  it  down  as  a  rule,  secondly,  that  if  haemorrhage  be  at  all  free,  the 
wound  should  be  .enlarged  sufficiently  to  allow  the  bleeding  vessel  to  be  secured ; 
no  dependence  should  be  placed  on  pressure  to  restrain  such  haemorrhage.  We 
would  also  lay  it  down  as  a  rule,  thirdly,  that  with  the  earliest  suspicion  of  suppura- 
tion the  wound  should  be  freely  opened,  and  a  ready  escape  afforded  to  the  blood, 
serum,  or  pus  now  collected  within. 

The  extent  of  a  punctured  wound  will  always  to  some  degree  regulate  the  subse- 
quent amount  of  mischief.  If  it  penetrates  through  the  muscles,  but  not  the  peri- 
tonaeum, the  wound  may  prove  fatal  from  peritonitis  secondary  to  the  suppurativa, 
stage,  if  not  fatal  from  peritonitis  the  immediate  result  of  the  accident. 
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Under  all  circumstances,  therefore,  the  utmost  precaution  in  treatment  is  neces- 
sary. Perfect  rest ;  relaxation  of  the  abdominal  muscles,  by  a  posture  somewhat 
bent  forwards  ;  the  stomach  and  bowels  to  be  kept  moderately  empty  by  the  admin- 
istration of  fluid  food  only ;  and  the  administration  of  opium  as  indicated  by  symp- 
toms, will  constitute  the  chief  points  of  medical  management.  The  local  treatment 
of  the  wound  is  not  a  consideration  of  importance  here ;  if  there  be  suppuration,  the 
point  beyond  all  doubt  is,  that  it  have  free  vent ;  irrespective  of  that,  the  treatment 
is  of  the  simplest  kind.  Peritonitis  supervening  on  these  accidents  cannot  often  be 
met  by  active  or  heroic  treatment ;  leeches  should  not  be  spared  if  necessary  and  if 
the  patient  can  bear  the  loss  of  blood.  The  practitioner  will  find  in  most  cases  an 
invaluable  auxiliary  in  opium  ;  but  science,  judgment,  and  experience  must  regulate 
the  treatment  in  each  individual  case,  according  to  symptoms.  No  definite  law 
can  be  applied  to  the  complications  which  often  arise  in  the  progress  of  these 
cases. 

Suppuration  will  be  indicated  by  increase  of  heat  about  the  wound,  redness, 
tumefaction,  and  tenderness.  These  symptoms  will  soon  be  followed  by  heat  of  body, 
increase  of  pulse,  thirst,  a  brownish  dry  tongue,  rigors,  and  perhaps  wandering  sleep 
or  delirium.  It  may  even  happen,  if  the  wound  be  deep,  and  the  symptoms  severe, 
that  the  constitutional  disturbance  is  so  rapidly  increased  in  amount  that  death 
takes  place  in  an  unexpectedly  short  period.  It  is  well,  at  all  times,  to  be  very 
guarded  in  any  opinion  offered  to  the  anxious  relatives  of  a  patient,  the  subject  of 
such  an  accident.  In  rapidly  fatal  cases  the  cellular  tissue  and  the  fascial  inter- 
spaces will  usually  be  found  infiltrated  with  pus  and  lymph  to  a  surprising  extent ; 
and  not  unfrequently  purulent  effusion  will  be  observed  on  the  surface  of  the  in- 
testines. 

Should  the  patient  survive  the  early  inflammatory  and  suppurative  stages  follow- 
ing a  punctured  wound  of  the  abdominal  wall,  the  suppurative  action  may  spread 
at  intervals  in  various  directions,  and  abscess  after  abscess  present  in  different 
positions  until  he  becomes  worn  out  and  dies  ;  or  sometimes  when  the  patient  may 
be  said  to  have  placed  his  hand  on  the  door  leading  to  death's  chamber,  the  sym])- 
toms  commence  to  show  a  favourable  turn.  Suppuration  becomes  healthy  in 
character  and  diminished  in  quantity.  Sinuses  gradually  close,  and  time  slowly 
replaces  the  sufferer  in  a  position  of  safety ;  he  rises  from  his  couch  convalescent, 
but  most  probably  somewhat  crippled,  either  from  suppuration  having  extended 
below  Poupart's  ligament  and  having  implicated  the  muscles  of  the  thigh  or  neigh- 
bouring articulations,  or  from  the  contracted  position  in  which,  for  many  weary 
days,  he  has  been  confined  to  bed. 

In  the  abdominal  wall  a  condition  sometimes  remains,  after  a  wound  of  the 
parietes  has  healed,  to  which  the  attention  of  the  surgeon  must  be  directed — we 
allude  to  the  protrusion  of  the  parietes  at  this  part.  This  protrusion  is  the  result 
of  the  action  of  the  abdominal  contents  against  the  cicatrix,  which  thins  out  and 
yields  more  readily  than  the  natural  healthy  abdominal  wall.  Such  a  protrusion 
constitutes  one  of  the  forms  of  ventral  hernia.  Usually  the  protruding  viscera  pusli 
before  them  evenly  the  now  stretched  cicatrix  and  surrounding  tissues,  so  that  the 
base  of  the  prominence  is  larger  in  circumference  than  any  other  portion.  There  is 
no  so-called  neck  to  the  cavity  which  contains  the  viscera,  so  that  the  latter 
run  little  risk  of  strangulation.  No  difiiculty  is  encountered  in  an  attempt  to 
push  back  the  contents  of  the  prominent  mass ;  the  difficulty  is  to  restrain  the 
viscera  from  again  bulging  forward.  As  there  is  not  much  danger  of  strangula- 
tion, it  is  only  necessary  to  support  the  parts  by  means  of  a  large  pad  and  a  well- 
adjusted  bandage. 

2.  Wounds  of  the  abdomen,  with  protrusions  of  the  bowels  or  portions  of  other 
viscera  through  the  aperture,  are  by  no  means  rare  accidents ;  such  a  protrusion 
constitutes  a  hernia  without  a  sac. 

The  character  of  the  wound  will  in  a  great  measure  regulate  the  amount  of  the 
protrusion,  just  as  the  situation  of  the  wound  will  to  some  extent  permit  only  certain 
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viscera  or  portions  of  them  to  be  protruded.  In  punctured  and  small  wounds  a  part 
of  the  intestine,  omentum,  or  both,  may  escape  through  the  aperture.  In  incised 
or  lacerated  wounds  larger  portions  of  either,  or  both,  and  even  portions  of  the 
stomach,  liver,  &c.  may  protrude  externally.  In  the  former  kinds  of  wounds  the 
protruding  viscera  are  very  apt  to  be  constricted  at  their  point  of  exit  from  the  cavity 
of  the  abdomen  ;  a  condition  little  liable  to  happen  in  the  lacerated  or  large  incised 
wounds.  The  viscera  most  frequently  met  with,  protruding  through  wounds  of  the 
parietes  of  the  abdomen,  are  the  small  intestine  and  omentum  ;  for  as  the  mobility  of 
the  part,  so  is  the  greater  facility  of  its  displacement.  But  stomach,  large  intestine, 
and  even  liver  and  spleen,  have  been  found  lying  outside  the  abdomen  in  wounds,  the 
result  of  accidents  such  as  we  are  about  to  consider. 

We  presume,  as  the  first  consideration  in  treatment,  that  the  surgeon,  in  dealing 
with  protrusion  of  any  portion  of  the  viscera  through  a  wound  of  the  abdomen,  has 
a  recent  accident  before  him.  In  such  a  case  he  has  no  time  to  lose  in  returning  the 
protrusion,  whatever  it  may  consist  of,  whether  omentum,  intestine,  or  other  tissues. 
What  considerations  should  guide  his  proceedings  1  In  the  first  place,  having, 
by  careful  examination  satisfied  himself  of  what  the  protruded  portion  consists,  he 
must  see  that  no  foreign  substances  adhere  to,  or  are  entangled  in,  the  protrusion. 
If  such  be  the  case,  the  parts  must,  with  gentleness  and  caution,  be  cleansed  with 
tepid  water,  mixed  with  sulphurous  acid,  one  part  in  20,  or  carbolic  acid,  1  in  40, 
to  free  the  peri tonaeum  of  all  extraneous  matter,  and  to  secure  a  perfectly  clean  surface. 
If  the  portion  protruded  is  apparently  omentum  alone,  care  must  be  taken  to  ascer- 
tain that  bowel  is  not  wrapped  up  in  the  folds,  or  lying  at  the  base  of  the  protrusion 
near  the  aperture  of  the  wound.  If  the  protrusion  consist  of  intestine,  care  must  be 
taken  to  ascertain  that  no  injury  has  been  occasioned  to  the  peritonaeum,  or  that  the 
walls  of  the  bowel  have  not  been  ruptured.  These  points  being  ascertained,  the  parts 
being  sound  and  healthy,  and  the  surface  perfectly  clean  and  free  from  extraneous 
matter,  the  replacement  of  the  protruded  mass  into  the  abdominal  cavity  should  at  once 
be  proceeded  with.  A  ready  replacement  is  not  always  easily  effected.  In  such  a  diffi- 
culty it  will  sometimes  answer  to  draw  out  a  small  portion  more  of  the  intestine,  and 
then  on  gently  pressing  upon  it,  and  propelling  its  contents  into  the  interior,  the  pro- 
truded bowel  will  itself  sometimes  readily  follow.  It  may  happen  that  such  a  large 
amount  of  intestine  or  omentum  has  escaped  through  the  wound,  that  the  protruded 
portions  can  no  longer  be  passed  back  through  the  opening  by  which  they  escaped. 
Under  such  circumstances  the  surgeon  need  not  hesitate  ;  for  as  in  a  case  of  strangu- 
lated hernia,  so  here,  the  orifice  or  stricture  of  the  wound  should  be  enlarged.  If 
tliis  alternative  be  inevitable,  care  must  be  taken  to  avoid  enlarging  more  than  the 
external  orifice  of  the  wound,  or  dividing  more  than  any  bands  of  fascia  or  fibres  of 
muscles  that  offer  obstruction  to  the  return  of  the  protrusion.  The  peritonaeum 
should  not  be  interfered  with  if  this  can  possibly  be  avoided.  The  opening  in  the 
peritonaeum  will  readily  yield  to  any  extension  requisite  for  the  reduction  of  the  pro- 
truded viscus  ;  but,  if  the  opening  in  the  peritonaeum  be  increased  by  incision,  the 
enlarged  wound  will  hereafter  be  found  to  facilitate,  to  a  most  troublesome  degree, 
the  reprotrusion  of  viscera  through  the  peritoneal  opening.  The  external  opening 
being,  either  of  itself  or  by  extension,  sufficient  for  the  reduction  to  be  proceeded 
with,  the  protruded  parts  should  be  gently  returned,  bowel  first,  and  omentum  after  it, 
should  both  have  escaped.  The  surgeon  should  then  satisfy  himself  that  all  is  fairly 
returned  within  the  cavity  of  the  peritonaeum.  The  structures  which  protruded  should 
not  be  heedlessly  or  hastily  reduced,  for  they  may  be  pushed  simply  between  the  ex- 
ternal tissues  and  the  peritonaeum,  without  having  been  returned  into  the  abdomen, 
and  they  would  then  still  remain  subject  to  the  constricting  influences  of  the  internal 
orifice  of  the  wound.  In  all  cases,  subsequent  to  the  reduction  of  the  parts,  the  finger 
of  the  surgeon  should  be  gently  passed  down  to  the  peritoneal  aperture,  to  ascertain 
whether  any  portion  of  viscera  still  occupies  this  opening,  in  which  case  he  should 
ensure  perfect  reduction  previous  to  closing  the  wound. 

Supposing  omentum  to  be  the  only  structure  protruded  through  such  a  wound, 
something  depends  on  the  condition,  something  on  the  quantity  extruded,  and  some- 
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thing  upon  the  nature  of  the  wound,  before  we  can  decide  to  return  it  into  the 
abdomen.  If  the  omentum  be  quite  healthy,  recently  protruded,  not  congested,  not 
lacerated — whether  it  be  much  or  little  in  quantity — and  if  the  wound  permit  of  its 
ready  return,  there  can  be  no  doubt  that,  to  return  the  mass  at  once,  and  to  close 
the  wound,  is  the  practice  we  should  adopt. 

If  the  omentum  be  bruised,  lacerated,  dirty  from  contact  with  the  ground  or  other 
material,  inflamed  or  congested,  or  if  the  mass  be  not  considerable,  but  there  be  much 
resistance  to  its  reduction,  without  enlarging  the  wound,  we  would  recommend  a 
ligature  consisting  of  a  double  thread  to  be  passed  through  its  base,  each  thread  tied 
round  it,  and  the  mass  anterior  to  the  ligature  cut  off. 

If  the  protruded  mass  be  very  large,  and  not  injured,  but  the  wound  not  sufficient 
to  allow  of  a  ready  return,  the  wound  should  be  enlarged,  and  the  parts  replaced  ; 
but  if  a  large  portion  be  in  any  degree  bruised,  lacerated,  or  congested,  or  if  blood  be 
extravasated  in  its  structure,  it  may  be  removed  with  safety,  and  its  removal  will  be 
probably  less  serious  than  if  it  were  left  in  the  wound  to  suppurate  or  slough,  as  the 
case  may  be.  In  very  many  cases  of  inguinal  and  femoral  hernia,  it  has  occurred  to 
the  author  to  consider  it  desirable  to  remove  portions  of  omentum,  occasionally  con- 
siderable portions.  He  has  never  had  reason  to  regret  the  adoption  of  such  a  pro- 
ceeding, but  has  had  occasionally  to  regret  its  omission.  If  such  treatment  be 
applicable  in  the  one  class  of  cases,  we  cannot  reasonably  condemn  it  in  the  other ; 
and  under  the  circumstances  above  mentioned,  it  appears  to  be  the  most  judicious, 
and  the  most  expeditious,  towards  favouring  the  recovery  of  the  patient.  It  must, 
however,  be  stated  that  there  are  some  differences  of  opinion  on  this  point.  The 
opinion  arrived  at  is  the  result  of  a  careful  consideration  of  the  practice  observed  at 
St.  George's  Hospital  for  many  years  past.  Be  it  remembered,  however,  that  whether 
the  omentum  be  returned,  or  whether  removed,  the  external  wound,  including  the 
peritonaeum,  should  be  brought  together  at  once,  and  should  have  nothing  protruding 
between  its  lips  except  the  ends  of  the  ligature  passed  round  the  omentum.  The  re- 
moval of  omentum  must  never  be  attempted  under  any  circumstances,  without  the  base 
of  the  portion  to  be  removed  being  safely  secured  by  ligature.  If  this  precaution  be 
not  heeded,  very  formidable,  if  not  fatal,  haemorrhage  may  result  from  the  vessels 
divided.  And  again,  it  is  safer  to  pass  the  double  ligature  through  the  base  of  the 
omentum  rather  than  trust  to  a  single  ligature  tied  round  it;  we  thus  avoid  the  pos- 
sibility of  the  ligature  escaping  off  the  stump  of  omentum,  which  is  left  in  the  wound 
after  the  greater  portion  of  the  protruded  mass  has  been  cut  away,  and  is  always  sure 
to  contract  in  a  short  time. 

With  the  exception  of  omentum,  all  other  protrusions  of  viscera  must  be  invaria- 
bly reduced,  and  as  early  as  possible. 

It  has  been  already  stated  that  the  small  intestine  is  more  frequently  protruded 
than  portions  of  other  viscera,  after  wounds  of  the  abdomen ;  the  transverse  colon 
and  the  stomach  come  next,  each  in  its  order.  The  wound  of  the  parietes  must  be 
extensive  to  allow  of  the  protrusion  of  liver  or  spleen.  But  yet  there  are  cases  on 
record,  and  those  not  few,  which  bear  witness  that  portions  of  most  of  the  viscera 
may  escape  through  an  opening  in  the  abdominal  wall.  In  a  practical  point  of  view 
it  does  not  matter  what  the  protrusion  may  consist  of,  irrespective  of  omentum  ; 
for,  provided  the  mass  be  healthy,  it  ?nust  be  returned.  It  is  only  the  amount  of  the 
protrusion  which  will  to  some  extent  affect  the  steps  of  the  treatment ;  for  if  the 
wound  be  small,  and  the  mass  protruded  large,  in  all  probability  the  former  must  be 
increased  in  size  before  the  latter  can  be  returned.  In  lacerated  or  incised  wounds 
the  probability  is  that  reduction  is  readily  effected. 

The  rules  pi'opounded  respecting  the  propriety  of  reducing  the  omentum  when 
protruded,  will  apply  to  some  extent  to  the  treatment  of  protruded  intestine.  The 
latter,  when  examined  soon  after  an  accident,  may  be  found  reducible  readily  through 
the  wound.  In  such  cases  the  precautions  necessary  are,  to  see  that  the  intestine  is 
clean — its  surface  free  from  dirt,  hairs,  straw,  or  other  matters  which  the  contact  of 
clothes,  &c.  may  occasion  to  adhere  to  the  moist  peritoneal  covering ;  that  the  bowel 
is  not  bruised  or  ruptured ;  that  no  portion  of  the  instrument  which  occasioned  the 
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wound  is  lodged  among  the  folds  of  the  intestine.  The  surface  of  the  bowel  must 
he  well  cleared  of  all  adherent  materials,  by  being  bathed  gently  with  tepid  water 
mixed  with  sulphurous  or  carbolic  acid,  and,  if  otherwise  sound,  be  at  once  returned 
into  the  abdomen. 

If  the  bowel,  as  regards  its  integrity,  &c,  be  in  a  condition  favourable  for 
reduction,  we  may  nevertheless  find  that  it  is  irreducible.  This  circumstance  may 
be  the  result  of  a  great  amount  of  viscera  protruded,  or  of  the  protruded  portion 
having  become  much  distended  by  flatus,  or  thickened  by  congestion — or  of  a  wound 
contracted  when  compared  with  the  size  of  the  mass  external  to  it.  If  the  difficulty 
in  reduction  arises  from  the  smallness  of  the  wound,  the  means  to  be  adopted  have 
already  been  mentioned.  If  such  difficulty  depends  on  the  distension  of  the  bowel 
by  flatus,  that  condition  may  often  be  overcome  by  very  gently  and  carefully  pressing 
the  air  back  into  the  portion  of  intestine  within  the  abdomen.  This  attempt,  how- 
ever, may  entirely  fail,  and  only  by  an  extension  of  the  wound  can  a  very  large  mass 
of  greatly  distended  intestine  be  returned  into  the  abdomen.  In  instances  of  very 
large  protrusion,  with  excessive  distension,  to  puncture  the  bowel  with  an  exploring 
needle  is  a  practice  which  has  been  occasionally  successfully  adopted  ;  but,  on  the 
other  hand,  such  practice  has  been  strongly  condemned  by  several  writers.  It 
has  been  urged  that  the  small  punctures  cannot  be  of  service,  as  they  will  soon  be 
filled  up  by  the  mucous  coat.  Such  treatment  can  only  be  requisite  in  extensive 
protrusion  of  bowel  largely  distended,  and  where  there  is  much  difficulty  of 
reduction. 

Mr.  Tat um  reports  a  case  in  which  he  adopted  this  treatment  with  success.  A  patient- 
was  operated  on  for  inguinal  hernia,  and  the  medical  man  found,  after  dividing  the  stricture, 
that  so  large  a  mass  of  bowel  protruded  that  no  effort  on  his  part  would  succeed  in  reducing 
it.  Mr.  Tatum  was  called  in,  and  examining  the  condition  of  the  parts,  found  the  space 
between  the  thighs  occupied  by  a  large  volume  of  intestine,  extending  nearly  down  to  the 
knees.  'It  was  found  to  he  composed  of  the  whole,  with  a  slight  exception,  of  the  jejunum 
and  ileum,  enormously  distended  with  flatus,  and  of  a  bright  red  colour.'  With  a  grooved 
needle,  Mr.  Tatum  made  three  or  four  punctures,  allowing  the  flatus  to  escape  by  the  groove 
in  the  needle  at  each  puncture,  until  the  part  was  collapsed.  '  By  these  means  the  whole  of 
the  protruded  bowel  lay  in  a  collapsed  state,  not  one-fifth  of  its  previous  volume.  The  pro- 
truded parts  were  now  readily  returned  into  the  abdomen  : '  and  the  patient  recovered  without 
a  bad  symptom.1 

But  the  risk  of  such  treatment  is  the  chance  of  bubbles  of  air,  in  escaping  from 
the  bowel,  carrying  with  them  minute  particles  of  faeculent  matter  after  the  intestine 
has  been  returned  into  the  abdomen.  This  would  lead  to  fatal  peritonitis  in  all  pro- 
bability. It  would  be  safer  to  make  one  or  two  larger  punctures  with  a  small  trocar, 
and  when  the  bowel  is  sufficiently  reduced  in  bulk  to  permit  its  more  eo.sy  replace- 
ment, secure  these  openings  by  a  ligature  securely  tied  round  each. 

In  all  other  conditions  of  irreducible  intestine,  the  wound  has  to  be  enlarged 
before  the  attempt  at  reduction  can  be  successful.  Great  care  and  much  gentleness 
are  requisite  in  handling  a  portion  of  bowel  when  the  reduction  is  attempted  ; 
observing  carefully  the  manner  in  which  the  coils  of  the  bowels  lie  with  regard  to 
the  wound,  the  surgeon  should  commence  manipulation  with  the  portion  last 
descended,  and  nearest  the  margin  of  the  opening ;  and  should  keep  passing  up 
portion  after  portion  by  degrees,  until  the  whole  mass  is  returned.  This  process, 
though  apparently  simple  in  its  description,  is  often  very  perplexing  at  the  bedside  ; 
such  an  attempt  sometimes  appears  almost  hopeless ;  for  as  one  portion  is  pushed 
back,  another  portion  is  forced  out  of  the  abdomen.  Every  precaution  is  therefore 
requisite  to  lessen  the  muscular  action  of  the  parietes;  the  abdominal  wall  must  be 
perfectly  relaxed  ;  the  patient  made  to  lie  on  his  back,  with  his  shoulders  well  raised, 
and  the  thighs  perfectly  flexed  on  the  pelvis.  If  it  be  necessary  to  enlarge  the  wound 
we  should  be  careful  to  enlarge  it  in  the  direction  of  the  muscular  fibres,  and  away 
from  the  course  of  the  epigastric  artery,  and  to  avoid  enlarging  the  opening  in  the 
peritonaeum  if  possible.  It  is  necessary  to  ascertain  that  the  bowel  when  reduced  is 
returned  entirely  within  the  peritonaeum. 

1  '  Cases  of  Hernia,  with  remarks,'  by  Thomas  Tatum,  Medical  Times  and  Gazette,  April 
29,  1654,  p.  43  5. 
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The  bowel  protruded  may  be  not  only  irreducible,  but  it  may,  as  occasionally  in 
herniae,  be  also  strangulated  :  of  course  this  condition  occurs  only  when  a  patient  has 
been  left,  for  some  time  after  the  accident,  without  medical  aid  or  relief.  The  amount 
of  mischief  to  the  bowel,  resulting  from  the  strangulation,  must  be  our  guide  as  to 
whether  any  positive  benefit  is  likely  to  be  derived  from  its  reduction ;  but,  short  of 
a  state  of  gangrene,  it  were  better  to  return  the  bowel  at  once,  and  so  secure  the 
best  chance  for  the  recovery  of  the  patient.  The  wound  should  at  once  be  enlarged 
and  the  protrusion  returned.  In  a  condition  of  gangrene,  if  the  gut  is  returned  into 
the  cavity  of  the  peritonaeum ,  death  must  ensue.  The  only  treatment  which  holds 
out  a  prospect  of  life,  with  so  much  mischief,  is  to  open  the  bowel  at  once,  to  allow 
its  contents  to  escape,  and  then  to  leave  the  intestine,  now  adherent  to  the  margins 
of  the  wound,  in  undisturbed  possession  of  its  new  attachments.  An  artificial  anus 
will  thus  be  established.    We  shall  hereafter  consider  the  treatment  of  this  lesion. 

The  treatment  of  all  wounds  of  the  abdomen,  after  the  reduction  of  protruded 
viscera,  whatever  the  character  of  the  latter,  is  simple  enough.  The  parts  around 
the  wound  must  be  relaxed,  and  this  relaxation  be  maintained  by  position.  It  is 
desirable  to  close  the  wound  at  once,  and,  in  most  cases,  sutures  are  to  be  preferred, 
to  secure  uniform  apposition  of  the  edges,  as  well  as  to  maintain  perfect  support.  In 
the  application  of  the  sutures,  it  is  desirable  that  the  peritonaeum  be  included  in 
their  hold  as  well  as  the  more  superficial  tissues.  Such  a  proceeding  should  not  be 
considered  more  dangerous  than  if  the  suture  be  simply  confined  to  the  superficial 
margins  of  the  wound.  By  including  the  peritonaeum,  we  secure  the  perfect  apposi- 
tion of  its  edges,  and  thus  prevent  the  escape  of  intestine  iuto  the  gap  of  the  deeper 
part  of  the  wound,  and  also  to  a  great  extent  prevent  the  products  of  suppuration 
escaping  into  the  cavity  of  the  peritonaeum.  Whenever  a  ligature  has  been  applied 
to  the  omentum,  the  ends  of  that  ligature  should  be  allowed  to  hang  out  of  the 
wound,  between  any  two  sutures  applied  to  its  margin,  until  separation  from  the 
hold  on  the  omentum  takes  place.  The  period  of  separation  varies  from  nine  or  ten 
days  to  sometimes  a  fortnight  or  three  weeks.  The  dressings  applied  to  the  wounds 
cannot  be  too  simple  or  too  light,  and  as  a  rule  we  prefer  dry  carbolised  cotton-wool, 
or  tarred  cotton.  The  author  has  for  some  years  been  in  the  habit  of  using  the 
latter  ELS  <X  dressing  for  wounds  of  all  kinds. 

The  following  case  is  a  fair  specimen  of  recovery  after  a  large  lacerated  wound  of  the 
abdomen.  A  man,  whilst  leading  a  prize-bull  to  an  agricultural  show,  was  suddenly 
attacked  by  the  animal,  and  gored  at  the  lover  part  of  the  abdomen.  The  patient  was  seen 
soon  afterwards  by  Mr.  James  of  Uxhridge,  who  found  a  large  quantity  of  the  small  intestine 
and  omentum  protruding  through  a  lacerated  wound,  some  eight  or  nine  inches  in  length, 
passing  directly  across  the  body,  midway  between  the  umbilicus  and  pubes.  When  first  seen 
by  Mr.  James,  the  intestines  were  covered  with  dirt,  and  had  adhering  to  their  surface  parti- 
cles of  straw,  &c.  The  parts  were  carefully  cleansed  with  tepid  water,  and  all  extraneous 
matter  removed  from  the  peritonaeum  ;  the  intestines  and  omentum  were  then  returned  into 
the  cavity  of  the  peritonaeum,  and  the  edges  of  the  wound  brought  together  by  several  silk 
sutures.  The  man  was  then  sent  in  a  cart  to  St.  George's  Hospital,  a  distance  of  fifteen 
miles,  and  placed  under  Mr.  Cutler's  care.  On  the  morning  following  admission,  the  wound 
looked  perfectly  united.  There  was  some  tenderness  abcut  the  abdomen,  but  nothing  of  a 
severe  character.  The  pulse  was  not  irritable ;  the  tongue  rather  white ;  but  the  patient 
stated  himself  to  be  pretty  comfortable.  He  had  not  one  bad  symptom  subsequently.  The 
wound  entirely  united  by  first  intention  :  and  the  man  left  the  hospital  in  a  short  time  quite 
well,  and  without  any  discomfort  from  the  injury. 

The  stomach,  portions  of  the  liver,  or  the  spleen,  may  escape  through  a  wound  in 
the  abdominal  wall,  as  we  have  already  stated,  but  the  principles  laid  down  for  the 
treatment  of  protruded  intestine  will,  in  a  great  measure,  apply  to  these  complica- 
tions. Mr.  S.  Cooper  mentions  that  in  his  part  of  the  Military  Hospital  at  Brussels, 
after  the  battle  of  Waterloo,  the  number  of  patients  admitted  with  protrusions  of 
the  viscera  was  much  more  considerable  than  previously  he  had  any  idea  of  meeting 
with — protrusions  of  stomach,  bladder,  mesentery,  omentum,  and  intestine. 

Dr.  John  Macpherson,  of  the  Bengal  Medical  Service,  relates  a  case  of  spear-wound,  with 
protrusion  of  the  liver,  in  a  Hindoo.  The  wound  was  an  inch  in  length ;  about  three  inches 
above  the  umbilicus,  and  about  two  inches  to  the  right  side.  Through  the  wound,  a  trian- 
gular portion  of  liver  protruded.    There  was  much  haemorrhage,  but  no  apparent  wound  of 
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the  liver.  It  was  found  impossible  to  return  the  protrusion  without  enlarging'  the  wound.  A 
ligature  was  tied  round  the  base  of  the  prominent  piece  of  liver,  and  the  greater  portion  cut 
off ;  a  double  ligature  secured  the  remainder  to  the  edge  of  the  wound.  The  patient  re- 
covered.1 We  may  remark  that  the  m.tives  of  India  are  singularly  happy  in  recovering  after 
surgical  operations. 

Many  other  cases  could  be  added  to  illustrate  not  only  the  possibility,  but  the  fair  pro- 
spect of  recovery  after  wounds  of  the  abdomen,  with  protrusion  of  viscera,  provided  the 
viscera  are  not  injured  nor  the  peritonaeum  bruised.  The  following  case,  however,  is  a 
marked  instance  of  an  unusual  character  of  accident,  as  well  as  an  illustration  of  a  difficulty 
which  creates  some  kind  of  doubt  as  to  the  most  advisable  treatment  to  be  adopted.  For  the 
notes  of  the  case  the  author  is  indebted  to  his  friend  Mr.  Godson,  of  Barnet.  '  A  woman,  aet. 
63,  on  July  ]  1,  1854,  was  seriously  injured  by  the  brutality  of  four  men  committing  rape 
upon  her.  The  following  morning  she  walked  nearly  a  mile,  with  several  convolutions  of  the 
small  intestines  protruding  externally  through  a  rent  in  the  vagina.  The  intestines,  when 
seen  by  Mr.  Godson,  had  particles  of  straw  and  dirt  adhering  to  their  surface,  but  the  woman 
did  not  appear  to  suffer  very  much  pain,  though  apparently  very  ill.  The  parts  were  cleansed 
with  tepid  water,  and  the  patient  was  put  to  bed  in  the  workhouse.  Mr.  J.  H.  Green 
subsequently  saw  the  patient,  in  consultation  with  Mr.  Godson.  All  attempts  at  reduction 
were  found  unavailing ;  nor  did  there  appear  any  possibility  of  enlarging  the  wound  to 
facilitate  the  reduction  of  the  bowel.  The  protruded  portion  became  gangrenous  on  the  14th, 
but  the  patient  lived  until  the  21st,  ten  day3  after  the  injury.  The  rent  was  found  in  the 
anterior  wall  of  the  vasina,  close  to  the  uterus,  and  running  into  the  cavity  of  the  peri- 
tonaeum between  the  bladder  and  uterus.' 

It  is  somewhat  difficult  to  advise  what  proceedings  should  be  adopted  in  any  case 
similar  to  the  above.  There  appeared  no  possibility  of  returning  the  bowel  by 
manipulating  the  protrusion  itself;  nor  did  it  appear  possible  to  get  at  the  opening 
to  enlarge  it,  the  vagina  being  filled  with  intestine.  The  treatment  which  appears 
most  suited  to  such  a  case,  and  which  should  be  adopted  if  the  result  of  this  case  is 
to  influence  us,  would  be  to  make  an  incision  through  the  abdominal  wall  in  the 
median  line  and  below  the  umbilicus,  and  to  introduce  the  hand,  so  that  the  bowel 
might  through  this  opening  be  drawn  back  into  the  abdomen  from  the  vagina. 
Without  some  effort  at  reduction  such  a  case  is  hopeless.  Such  treatment  ought 
only  to  be  adopted  as  a  last  resource,  and  only  after  the  failure  of  local  attempts  at 
reduction,  assisted  by  raising  the  lower  part  of  the  trunk,  so  as  almost  to  place  the 
patient  with  the  shoulders  low  and  the  pelvis  high. 

Protrusions  of  the  spleen  have  been  recorded  as  successfully  treated,  either  by 
reduction  or  even  by  removal.  One  singular  case  of  the  latter  description  is  to  be 
found  in  the  '  Phil.  Trans.'  vol.  xl.  p.  425,  in  which  instance  the  patient  recovered, 
and  lived  without  appai'ent  suffering  from  the  loss. 

In  protrusions  of  the  bladder,  it  is  always  requisite  to  introduce  a  catheter  through 
the  urethra  without  loss  of  time,  and  to  draw  off  the  urine.  This  treatment  will,  we 
believe,  in  all  cases  sufficiently  reduce  the  size  of  the  protrusion  to  permit  its  re- 
duction without  difficulty. 

The  latter  protrusion  may  occur  subsequent  to  a  wound  of  the  abdominal  wall 
without  a  wound  of  the  peritonaeum.  The  protrusion  will  only  occur,  under  any 
condition  of  wound,  when  the  bladder  is  somewhat  distended,  for  an  empty  bladder 
lies  behind  the  pubes  in  close  contact  with  the  anterior  bony  wall  of  the  pelvis. 
Provided  there  be  no  injury  to  the  bladder,  the  simple  protrusion,  unaccompanied  by 
peritoneal  injury,  is  an  accident  that  may  produce  very  little  subsequent  inconveni- 
ence, even  if  the  whole  of  the  external  wound  does  not  unite  immediately.  If  a 
wound  of  the  lower  portion  of  the  abdomen  be  complicated  with  wounded  peritonaeum, 
and  a  punctured  bladder  permit  the  escape  of  urine  into  the  sac  of  the  peritonaeum, 
severe  peritonitis  would  rapidly  follow  upon  the  injury,  and  death  soon  take  place 
unless  the  surgeon  were  able  in  good  time  to  wash  out  the  cavity  and  secure  all 
further  escape.  The  consideration  of  lesions  of  the  bladder  will  be  found  under  the 
head  of  Injuries  of  the  Pelvis. 

Before  concluding  this  portion  of  the  subject,  it  may  be  mentioned  that  occasion- 
ally, but  rarely,  subsequent  to  a  wound  of  the  abdomen,  peritonitis  may  terminate 
in  the  formation  of  an  abscess,  confined  to  a  proportionately  small  space  in  the 
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peritoneal  sac,  and  that  such  abscess  may  of  itself  open  externally,  or  require  the 
aid  of  the  knife  to  allow  of  the  exit  of  matter.  We  can  rarely  anticipate  a  favour- 
able result  in  such  a  case  ;  for  we  should  generally  find  the  intestines  matted  together 
in  the  neighbourhood  of  the  abscess,  and  frequently  a  fistulous  communication 
established  between  the  abscess  and  the  intestines  forming  a  portion  of  the  circum- 
ference of  the  sac.  In  such  cases  suppuration  and  diarrhoea  play  upon  a  system 
already  reduced  by  previous  illness,  and  the  patient  sooner  or  later  sinks  under  the 
exhausting  influences  of  the  local  mischief  and  constitutional  disturbance. 

3.  Wounds  of  viscera  may  be  classed,  for  the  convenience  of  consideration,  into, 
firstly,  those  which  occur  in  protruded  portions ;  secondly,  those  which  occur  from 
penetrating  wounds  of  the  abdomen. 

In  the  examination  of  the  first- mentioned  variety,  we  have  to  consider'  the  nature 
and  treatment  of  the  wound  alone.  All  that  relates  to  the  management  of  the  pro- 
truded bowel  has  already  been  fully  discussed,  and  requires  no  recapitulation. 

Wounds  of  the  intestine  may  vary  very  considerably  in  size  as  well  as  in  appear- 
ance, according  to  the  shape  and  character  of  the  instrument  by  which  the  lesion  is 
occasioned  ;  and  the  treatment  must  be  regulated  very  much  according  to  the  extent 
of  the  wound. 

A  small  wound  of  the  bowel,  whether  of  the  small  or  large  intestine,  produced  by 
some  pointed  instrument,  or  by  a  sharp  knife,  when  seen  immediately  after  the 
injury,  would  present  little  more  than  the  wound  in  the  peritonaeum,  for  the  deeper 
gap  would  almost  instantaneously  be  filled  with  mucous  membrane.  The  faeces  are 
not  observed  to  escape  through  so  small  a  wound.  In  a  very  short  time  after  the 
receipt  of  the  injury,  the  entire  wound  would  be  found  plugged  with  mucous  mem- 
brane, and  the  latter  would  soon  project  above  the  level  of  the  surface  of  the  peri- 
tonaeum, become  everted  over  its  margin,  and  thus  effectually  conceal  the  exact 
limits  of  its  orifice.  A  pair  of  forceps  applied  to  the  intestine  at  the  injured  part 
will  enable  the  surgeon  to  raise  up  this  portion,  and  pass  a  very  fine  ligature  imme- 
diately round  the  puncture,  so  as  to  include  it  entirely.  The  ligature  should  then 
be  tied  firmly,  and  the  ends  cut  off  close  to  the  knot.  The  bowel  should  be  returned 
as  directed. 

Some  surgeons  have  considered  it  unnecessary,  and  not  even  desirable,  to  apply  a 
ligature  round  a  small  punctured  wound  of  intestine.  They  have  argued  that  the 
mucous  membrane  so  entirely  blocks  up  the  orifice  in  such  a  wound  that  escape  of 
the  contents  does  not  occur,  and  that  the  application  of  the  ligature  is  only  apt  to 
aggravate  the  tendency  to  peritonitis.  But  it  must  be  evident  that  the  application 
of  a  ligature  to  a  wound,  however  small,  of  the  intestine  will  entirely  prevent  the 
escape  of  any  faeculent  fluid  into  the  peritonaeum,  and  thus  will  constitute  one  great 
measure  of  safety  in  treatment ;  nor  is  it  at  all  evident  that  the  presence  of  the 
ligature  is  prejudicial.  The  adoption  of  such  practice  has  been  successful  in  very 
many  instances. 

Mr.  Travers,  in  his  work  on  '  Injuries  of  the  Intestines,'  has  recorded  several 
experiments  on  animals,  the  results  of  which  tend  to  prove  that  a  wound  of  the 
peritonaeum,  complicated  with  a  wound  of  the  intestine,  is  generally  fatal  from  the 
effects  of  peritonitis.  All  the  experiments  by  Mr.  Travers,  Dr.  Gross,  and  others, 
lead  to  this  conclusion,  that,  upon  the  infliction  of  a  wound  of  the  intestine,  some 
escape  of  faeculent  fluid,  though  perhaps  a  very  small  quantity,  takes  place,  and  is 
the  chief  cause  of  the  subsequent  peritonitis.  The  escape  of  the  very  smallest 
quantity  of  such  a  fluid  appears  sufficient  to  produce  violent  peritonitis  ;  and  it- 
seems,  therefore,  more  j  ust  to  ascribe  the  peritonitis  following  a  wound  of  the  abdo- 
men, complicated  with  a  wound  of  the  intestine,  to  some  escape  from  the  latter 
rather  than  attribute  the  mischief  to  the  wound  of  the  peritonaeum. 

A  simple  wound  of  the  peritonaeum  without  a  corresponding  opening  in  the 
intestine  is  a  far  less  serious  injury  in  its  consequences  than  may  generally  be 
supposed.  Surgeons  experienced  in  operations  for  strangulated  hernia  are  quite 
familiar  with  the  following  facts  :  that  patients  operated  on  early  in  the  period  of 


894 


INJURIES  OF  THE  ABDOMEN. 


strangulation,  in  a  very  large  proportion  of  cases  recover  with  singularly  little  incon- 
venience, and  with  remarkably  slight  symptoms ;  but  that  the  fatality  attending 
operations  for  strangulated  hernia  is  almost  entirely  to  be  attributed  to  mischief 
occasioned  to  the  intestine  by  delay,  or  by  unnecessary  force  applied  to  the  hernia  in 
prolonged,  sometimes  violent,  attempts  at  reduction  previous  to  operation.  The 
simple  wound  of  the  peritonaeum  is  by  far  the  most  unimportant  condition  in  the 
treatment  of  a  case  of  strangulated  hernia.1 

A  case  of  femoral  aneurism,  under  the  care  of  the  late  Mr.  Keate,  in  St.  George's  Hospital, 
was  treated  by  ligature  of  the  external  iliac  artery.  The'  peritonaeum  was  accidentally 
wounded  in  the  operation,  to  the  extent  of  about  an  inch.  The  patient  died  a  few  days  after 
the  operation,  from  causes  unconnected  with  this  wound.  On  examination,  the  wound 
of  the  peritonaeum  was  found  perfectly  united  ;  there  was  not  the  slightest  evidence  of 
peritonitis,  or  any  effusion  of  fluid  within  the  cavity  of  the  peritonaeum. 

The  management  of  a  large  wound  in  a  protruded  portion  of  intestine  is  quite  a 
different  matter  from  that  of  a  small  wound,  and  the  treatment  should  also  be 
regulated  somewhat  by  the  manner  in  which  the  intestine  is  wounded  ;  viz,  whether 
it  be  cut  more  or  less  across,  or  whether  it  be  entirely  divide  !.  '  Before  adverting 
to  the  consequences  of  wounds  inflicted  on  the  exposed  intestine,'  observes  Mr. 
Travers,  '  it  will  be  necessary  to  describe  certain  appearances,  which  the  wounds 
exhibit,  depending  upon  the  action  of  the  bowel.  If  a  gut  be  punctured,  the  elas- 
ticity of  the  peritonaeum  and  the  contraction  of  the  muscular  fibres  open  the  wound, 
and  the  villous  or  mucous  coat  forms  a  sort  of  hernial  protrusion,  and  obliterates  the 
aperture.  If  an  incised  wound  be  made,  the  edges  are  drawn  asunder  and  reverted, 
so  that  the  mucous  coat  is  elevated  in  the  form  of  a  fleshy  lip.  If  the  section  be 
transverse,  the  lip  is  broad  and  bulbous,  and  acquires  tumefaction  and  redness  from 
the  contraction  of  the  circular  fibres  behind  it,  which  produces  relatively  to  the 
everted  portion  the  appearance  of  a  cervix.  If  the  incision  is  according  to  the  length 
of  the  cylinder  the  lip  is  narrow,  and  the  contraction  of  the  adjacent  longitudinal, 
resisting  that  of  the  circular  fibres,  gives  the  orifice  an  oval  form.'  2  We  have  no 
choice  of  treatment  when  called  to  a  case  of  a  large  wound  of  the  intestine ;  we 
should  close  that  wound  by  suture,  and  return  the  bowel  into  the  abdomen  as  quickly 
as  possible.  Some  little  fancy  may  be  exercised  in  the  choice  of  suture  ;  but  that  is 
a  minor  consideration.  '  I  am  not  aware,'  says  Mr.  Travers,  '  that  any  formal  direc- 
tions are  required  for  the  operation  of  sewing  up  a  wound  of  the  intestine.  Let  a 
small  round  sewing-needle,  armed  with  a  silk  thread,  be  passed  near  to  the  lines 
formed  at  the  bases  of  the  everted  lips.  The  thread  is  to  be  carried,  at  short  regular 
distances,  through  the  whole  extent  of  the  wound  ;  the  operator  being  mindful  that 
an  equal  portion  of  the  edges  is  included  in  each  stitch.  When  the  suture  is  finished 
let  the  thread  be  securely  fastened,  and  cut  close  to  the  knot.' 3  The  main  object  in 
view,  in  the  application  of  sutures,  is  the  most  perfect  adaptation  of  the  edges  of  the 
wounded  intestine,  so  that  extravasation  of  its  contents  be  effectually  prevented. 
We  should  therefore  strongly  urge  the  advantages  of  the  continuous  over  those  of 
the  interrupted  suture.  The  intestine  is  to  be  returned  to  its  natural  bed,  without 
any  measures  being  adopted  to  retain  the  wounded  portion  near  the  external  wound. 
No  ligature  should  be  used  for  such  a  purpose.  The  treatment  of  the  internal  wound 
is  thus  independent  and  quite  distinct  from  that  of  the  external  one.  The  latter,  on 
the  replacement  of  the  bowel,  is  to  be  managed  as  if  no  other  injury  had  occurred. 

When  the  entire  cylinder  of  the  bowel  is  divided,  the  case  is  far  more  serious. 
A  vast  number  of  experiments  have  been  made  to  establish  some  definite  rule  in  the 
treatment  of  such  extensive  injuries  :  any  relation  of  these  experiments  would  occupy 
too  much  of  our  space  without  any  beneficial  result ;  and  it  is  therefore  necessary 
merely  to  confine  our  remarks  to  the  most  practical  observations  that  bear  upon  this 
subject.    Mr.  Travers  states  that  the  retraction  ensuing  upon  direct  division  of  the 

1  The  more  recent  experience  in  abdominal  surgery  has  fully  established  the  truth  of  this 
statement. 

*  Travers,  On  Injuries  o  f  Intestines,  p.  85. 

3  Mr.  Travers  has  proved,  by  experiment,  that  'the  absolute  contact  of  the  everted  sur- 
faces '  is  requisite  to  avoid  the  risk  of  abdominal  effusion. 
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intestine  '  renders  this  injury  irreparable.'  But  there  are  on  record  some  few  cases 
of  complete  division  of  the  bowel  in  which  recovery  is  stated  to  have  taken  place. 
The  condition  of  the  extremities  of  the  divided  portion  will,  in  some  measure, 
resemble  the  margins  of  a  small  wound  in  the  intestine,  viz.,  the  mucous  membrane 
will  protrude  from  the  open  extremities  and  fold  over  the  peritoneal  surface  ;  so 
that,  when  the  divided  portions  are  brought  together,  the  two  opposed  surfaces  will 
consist  of  two  surfaces  of  mucous  membrane  touching  each  other.  This  latter  fact 
has  originated  numerous  theories  respecting  the  treatment  of  these  injuries,  and  has 
led  to  the  performance  of  innumerable  experiments  on  animals,  with  a  view  to 
ascertain  the  most  effectual  means  by  which  this  supposed  difficulty  might  be 
overcome  :  viz.  that  two  mucous  surfaces  in  contact  with  each  other  could  not  unite. 
The  results  of  these  experiments  have  been  that  some  surgeons  have  recommended 
sutures  to  be  applied  in  such  a  manner  that  the  mucous  surfaces  should  be  tin  ned  in, 
and  the  serous  surfaces  alone  brought  into  contact.  Others  have  invaginated  the 
upper  into  the  lower  portion  of  the  divided  bowel ;  and  various  other  devices  have 
been  advocated  to  ensure  contact  and  union.  But  the  main  fact  has,  in  most  of 
these  speculations,  been  entirely  lost  sight  of :  viz.  that  if  the  margins  of  each  end 
of  the  divided  bowel  are  but  accurately  adjusted  to  each  other,  and  maintained  in 
perfect  apposition  by  sutures  (whether  the  mucous  or  serous  surfaces  be  made  to 
touch),  the  divided  portions  are  united  at  first,  not  by  any  act  of  union  betvieen  the 
surfaces  in  contact,  but  by  the  effusion  of  fibrine  .around  the  once  separated  but  now 
approximated  and  contiguous  extremities ;  and  thus  does  this  fibrine  not  only 
maintain  their  conjunction,  but  it  also,  by  adhesions,  fixes  the  injured  portion  of  the 
bowel  to  the  adjacent  surfaces  of  peritonaeum,  either  visceral  or  parietal.  When  the 
surgeon  finds  that  a  wound  of  the  bowel  amounts  to  entire  division  of  the  gut,  he 
may  at  once  fix  the  divided  portions  in  contact  with  each  other  with  silk  sutures, 
and  then  return  the  intestine  into  the  abdomen.  Or  else  he  should  lose  no  time  in 
seeming  the  edges  of  the  wound  of  the  intestine  to  the  margin  of  the  external  one, 
so  as  to  facilitate  the  formation  of  adhesions  between  the  adjacent  surfaces  of  both, 
and  to  prevent  the  possibility  of  any  faeculent  contents  escaping  into  the  peritoneal 
cavity.  In  complete  division  of  the  bowel  such  treatment  is  to  be  preferred.  Its 
effect  is  necessarily  the  establishment  of  an  artificial  anus  in  the  first  instance.1  The 
following  points  should  guide  us  in  the  choice  between  two  methods  of  dealing  with 
an  entire  division  of  the  intestine  :  that,  if  the  division  be  caused  by  a  clean  sharp 
instrument,  the  extremities  may  be  brought  entirely  together  with  sutures ;  but,  if 
the  separation  be  the  result  of  an  irregular  lacerated  wound,  as  from  gunshot,  &c, 
then  we  should  not  hesitate  to  fix  the  edges  to  the  external  wound,  and  risk  the 
chance  of  an  artificial  anus. 

If  the  divided  extremities  be  brought  together  by  sutures,  and  replaced  in  the 
abdomen,  the  injured  portion  of  bowel  need  not  be  retained  by  ligature  at  the 
external  wound,  for,  as  a  general  rule,  the  one  has  been  found  to  remain  in  contact 
with  the  other ;  and  when  perfect  occlusion  of  the  cut  surfaces  has  not  occurred, 
but  some  escape  of  the  contents  of  the  bowel  have  taken  place,  that  effusion  has 
passed  through  the  external  wound ;  the  adhesions  within  have  prevented  internal 
extravasation. 

Let  us  now  consider  by  what  steps  reparation  occurs  in  a  wound  of  the  intestine, 
subsequent  to  the  application  of  ligature  or  sutures.  The  results  of  all  recorded 
experiments  prove  that  there  rapidly  takes  place  an  effusion  of  fibrine  on  the 
surface  of  the  peritonaeum  around  the  wound.  This  effused  fibrine  soon  agglutinates 
the  wounded  portion  of  intestine  to  the  adjacent  surface  of  peritonaeum,  and  thus 
covers  in  the  suture,  and  shuts  it  out  from  the  general  cavity  of  the  peritonaeum. 
The  ligatiire  or  suture  applied  to  the  wound  in  the  meantime  has  commenced  to 
destroy  the  small  portion  of  bowel  which  is  surrounded  by  the  silk — that  portion  of 
the  gut  is  either  killed  by  the  ligature,  or  all  the  coats  ulcerate  through,  in  conse- 
quence of  the  action  of  the  suture.  The  death  of  the  part  in  the  first,  or  the 
ulceration  of  the  part  in  the  second  instance,  are  processes  which  travel  from  without 
1  The  treatment  of  artificial  anus  forms  a  separate  section. 
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towards  the  interior  of  the  bowel.  Exteriorly,  either  process  is  limited  by  the 
effused  lymph.  Internally,  there  is  nothing  to  stay  either  one  or  the  other.  Either 
is  continued  until  death  of  the  part,  or  the  act  of  destruction  (ulceration)  is  com- 
pleted. The  mucous  lining  of  the  intestine  is  included  with  the  other  coats  in  the 
grasp  of  the  silk  ligature  or  suture ;  and  when  the  last  remaining  portion  of  the  wall 
has  been  cut  through  by  the  action  of  one  or  the  other,  the  knotted  silk  drops  into 
the  bowel  and  passes  away  with  its  contents. 

Thus  much,  therefore,  is  evident :  first,  that,  soon  after  the  application  of  a 
ligature  or  suture  to  any  portion  of  intestine,  fibrine  is  effused  on  its  surface,  and 
the  ligature  becomes  thus  shut  out  from  the  peritoneal  sac ;  secondly,  the  ligature 
equally  soon  commences  to  destroy  that  portion  of  bowel  which  is  surrounded  by 
the  silk  ;  thirdly,  that,  as  the  mucous  membrane  (forming  one  of  the  layers  of  that 
portion)  dies,  or  ulcerates,  it  opens  inwards  a  path  of  escape  for  the  ligature,  which 
is  only  complete  when  each  coat  of  the  bit  of  intestine  is  entirely  cut  through ;  and, 
fourthly,  that  this  path  opens  into  the  bowel,  not  from  it. 

Mr.  Travers  tied  a  ligature  round  the  duodenum  of  a  dog,  so  as  completely  to 
obstruct  the  intestine.  This  was  returned  into  the  abdomen,  and  the  wound  closed. 
On  the  fifth  day,  the  dog  passed  a  copious  stool ;  and  he  recovered  entirely  from  all 
effects  of  the  ligature.  He  was  killed  on  the  fifteenth  day.  The  wound  of  the 
duodenum,  produced  by  the  ligature,  was  entirely  closed.  Omentum  was  adherent 
to  the  surface  at  the  part  to  which  the  ligature  had  been  applied.  The  gut,  when 
laid  open,  was  marked  by  a  transverse  fissure  at  the  seat  of  ligature.  The  ligature 
had  passed  away  entirely.1  The  wound  is  thus  closed;  the  ligature  has  escaped; 
and  the  injured  portion  of  bowel  is  adherent  to  the  abdominal  wall,  or  some  adjacent 
viscera.  What  has  become  of  the  everted  edges  of  the  mucous  membrane  ?  Are  the 
surfaces  united,  face  to  face,  or  so  inverted  as  to  allow  the  wounded  intestine  to 
unite  at  its  edges  1  Mr.  Travers  was  evidently  not  satisfied  on  this  point.  He 
observes,  '  The  opposed  villous  surfaces,  so  far  as  my  observation  goes,  neither 
adhere  nor  become  consolidated  by  granulation ;  so  that  the  interstice  marking  the 
division,  internally,  is  probably  never  obliterated.' 

Observation  of  wounds  in  mucous  membranes  of  other  parts  does  not  allow  the 
author  to  agree  with  these  remarks ;  nor  does  Mr.  Travers  appear  to  have  had 
positive  evidence  to  enable  him  to  decide  unhesitatingly  that  such  union  could  not, 
or  did  not,  occur.  Drs.  Gross  and  Peterquin  arrived  at  the  conclusion  that  union 
does  occur  between  the  edges  of  the  divided  mucous  membrane,  and  that  the  former 
position  of  the  gap,  after  a  time,  is  only  indicated  by  a  line  of  cicatrix. 

The  treatment  subsequent  to  the  replacement  of  the  injured  intestine  should  be 
similar  to  that  sketched  out  in  our  observations  on  wounds  of  the  abdomen. 
Punctures  or  wounds  of  the  intestine  must  always  be  considered  as  very  dangerous 
irr  their  character,  and  they  are  very  frequently  fatal  in  their  result;  and  an  entire 
division  of  the  bowel  is  generally  fatal. 

Wounds  of  the  stomach,  with  protrusion,  are  much  more  rare  tharr  wounds  of  the 
intestines.  The  treatment  of  wounds  of  the  stomach  should  be  guided  by  principles 
similar  to  those  which  apply  to  wounds  of  intestines  :  though,  if  the  wound  be  large, 
it  woidd  be  best  to  secure  its  edges  to  the  external  one,  rather  than  apply  sutures 
and  simply  return  the  protruded  portion  into  the  abdomen.  A  large  wound  so 
treated  would,  for  a  time  at  least,  be  followed  by  gastric  fistula. 

Wounds  of  the  viscera  which  occur  in  penetrating  wounds  through  the  abdominal 
wall,  may  be  said  to  be  decidedly  more  formidable  than  those  just  considered. 

Punctured  wounds  of  the  stomach  or  intestines,  if  small,  are  not  necessarily 
followed  by  effusion.  If  the  stomach  be  empty,  in  all  probability  effusion  will  not 
take  place.  Inflammation  rapidly  causes  the  aperture  to  adhere  to  some  adjacent 
surface  of  peritomeurn,  and  thus  occludes  the  opening  on  the  peritoneal  surface. 
If  the  stomach  be  full,  extravasation  of  its  contents  into  the  cavity  of  the  peritonaeum 
is  apt  to  occur  ;  but  this  complication  need  not  necessarily  take  place,  for  vomiting 

1  Travers,  On  Injuries  of  Intestines,  p.  99. 
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rapidly  supervenes  upon  wounds  of  the  stomach,  and  soon  empties  it  of  its  contents  ; 
blood  would  be  mixed  with  the  fluid  thrown  up,  or  large  quantities  of  blood  alone 
vomited.  With  escape  of  the  contents  into  the  peritonaeum,  there  would  follow  all 
the  most  severe  symptoms  described  in  cases  of  rupture  of  the  stomach.  If  the 
wound  be  across  the  lesser  or  greater  curvature,  very  abundant  haemorrhage  will  be 
present,  either  into  the  stomach,  or  into  the  peritoneal  sac.  The  danger  in  a  wound 
of  the  stomach  is  greatly  lessened  when  its  contents  are  observed  to  escape  externally  ; 
and  though,  in  such  cases,  life  hangs  by  a  thread,  instances  have  occurred  of  such 
wounds  terminating  in  gastric  fistulae,  from  union  of  the  margins  of  the  internal 
with  the  external  opening ;  so  that  the  patient  survived  the  accident. 

Dr.  Marcet  several  times  succeeded  in  establishing  gastric  fistulae,  by  opening 
the  abdomen  in  dogs,  drawing  the  surface  of  the  stomach  to  the  external  wound,  and 
there  fixing  the  coats  with  sutures ;  an  opening  then  made  into  the  stomach  allowed 
a  silver  tube  to  be  introduced  which  was  there  secured.  The  care  with  which 
the  operation  is  performed  in  a  great  measure  influences  the  recovery  of  the  animal  ; 
it  is  requisite  not  to  disturb  the  parts  much,  and  not  to  allow  the  escape  of  the 
least  portion  of  the  contents  of  the  stomach  into  the  peritorseum,  otherwise  the 
animal  dies.  Dr.  Marcet  states,  that  it  requires  a  strong,  hardy  animal  to  recover 
from  this  operation  ;  and  generally,  when  recovery  has  taken  place,  the  animal  does 
not  appear  to  be  worse  for  the  fistula.  Two  dogs,  in  each  of  whose  stomachs  a 
fistula  had  been  formed,  survived  more  than  twelve  months,  and  appeared  healthy 
and  in  good  condition. 

It  will  always  be  difficult  to  determine  whether  the  stomach  is  implicated  in  a 
penetrating  wound,  unless  there  be  escape  of  the  contents  through  the  external 
wound,  or  there  be  blood  vomited.  The  treatment,  therefore,  must  depend  on  the 
symptoms.  No  interference  should  be  permitted  with  the  external  wound,  if  the 
contents  are  passing  through  it.  The  stomach  should  be  kept  empty,  and  the  patient 
nourished  entirely  by  enemata  of  beef-tea,  soup,  and  milk.  If  there  be  no  evidence 
of  escape  of  the  contents,  but  if  it  be  suspected  that  the  latter  have  passed  into  the 
peritonaeum,  as  evidenced  by  the  severity  of  pain  and  other  symptoms,  no  treatment, 
save  that  of  opening  the  abdomen,  is  available  to  save  life. 

Punctured  wounds  of  the  intestines  from  penetration  of  the  abdominal  wall  by 
a  sharp  instrument,  are  not  so  serious  as  similar  wounds  of  the  stomach.  Such 
small  wounds  do  not  generally  permit  extravasation  of  the  contents,  as  the  opening 
is  soon  plugged  by  the  mucous  membrane.  But  larger  wounds  are  much  more 
fatal,  unless  the  internal  wound  be  in  apposition  with  the  external  one,  so  that  the 
contents  of  the  bowel  may  escape  externally.  In  s\ich  a  case,  the  wound  should  not 
be  interfered  with.  Artificial  anus  for  a  time  may  be  established,  and  so  far 
immediate  danger  is  lessened,  if  not  removed.  It  is  impossible  to  determine  what 
portion  of  bowel  may  have  been  wounded  in  a  penetrating  wound  of  the  belly,  or 
whether  several  portions  are  not  implicated  in  the  injury.  The  external  wound  is 
no  guide  to  us  in  this  respect.  If  the  wound  of  the  intestine  be  very  small,  there 
may  occur  but  very  slight  symptoms  to  indicate  its  existence ;  but  if  large,  or  if 
there  be  several  wounds,  then  blood  will  probably  be  observed  in  the  motions ;  and 
pain,  vomiting,  and  other  severe  symptoms,  will  soon  indicate  the  alarming  character 
of  the  local  damage.  As  a  rule,  wounds  of  the  small  intestine  are  more  serious, 
cceteris  paribus,  than  wounds  of  the  large.  In  a  wound  of  the  latter,  the  escape  of 
the  contents  externally  is  more  probable,  and  more  ready,  on  account  of  the  move- 
ments of  the  bowel  being  much  limited,  and  the  aperture  consequently  more  fixed. 
The  escape  of  faecal  matter  into  the  peritonaeum  depends  much  on  the  state  of  the 
bowel ;  even  with  a  large  wound  in  an  empty  intestine,  Mr.  Travers  found  that 
extravasation  did  not  necessarily  occur  at  the  time  of  the  injury.  With  regard  to 
the  treatment  of  wounds  of  the  intestine  within  the  abdomen,  whether  punctured,  or 
incised,  or  lacerated  (gunshot),  we  need  say  little  more  than  that  great  attention  is 
to  be  paid  to  the  external  wound.  Any  hope  of  recovery  rests  in  the  chances  that, 
if  the  wound  of  the  intestine  be  small,  no  escape  of  contents  will  have  occurred  :  or 
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if  the  wound  be  large,  that  the  escape  will  be  external.  If  the  first  condition  be 
suspected,  we  need  only  simply  dress  the  external  wound.  If  the  second  be  manifest, 
the  external  wound  must  be  left  open— it  is  the  safety-valve  of  life  in  such  an 
injury- — and  its  premature  closure  might  most  unexpectedly  and  rapidly  cause  the 
death  of  the  patient. 

Wounds  of  the  liver,  spleen,  and  kidney  arc  dangerous,  in  proportion  to  the 
amount  of  haemorrhage,  rather  than  from  other  circumstances.  As  it  would  be 
impossible  to  determine  the  fact  of  injury  of  either  the  liver  or  spleen  in  a  punctured 
wound,  we  need  not  enter  further  into  the  question,  beyond  stating  thus  much,  that, 
if  haemorrhage  be  not  fatal,  there  is  no  reason  the  patient  should  not  recover. 
Haemorrhage  will  be  indicated  by  collapse,  &c. 

Wounds  of  the  kidney  or  bladder  will  be  suspected  from  blood  in  the  urine. 
When  the  latter  viscus  is  injured,  as  a  rule,  the  case  will  prove  fatal  if  urine  has 
entered  the  sac  of  the  peritonaeum.    (See  Injuries  of  the  Pelvis.) 

In  must  be  fully  understood  that  in  all  cases  of  perforated  intestine,  or  other 
viscera,  complicated  with  external  wound  with  or  without  protrusion,  in  which 
there  is  evidence  of  escape  of  faeculent  matter  into  the  cavity  of  the  peritonaeum, 
every  means  should  be  taken  to  thoroughly  clean  out  the  peritoneal  cavity,  and  thus 
remove,  as  far  as  possible,  all  foreign  source  of  irritation. 

In  concluding  his  remarks  on  this  portion  of  the  subject,  which  embraces  the 
consideration  of  wounds  of  the  viscera,  the  effects  of  those  wounds,  and  their  treat- 
ment, the  author  ventures  to  hope  that  the  reader  will  derive  some  assistance  from 
the  following  general  summary — a  kind  of  index  of  results  attendant  upon  these 
injuries : 

1.  That  a  rupture  of  stomach  or  intestine,  without  external  wound,  is  a  fatal 
lesion ;  more  fatal  than  when  lesion  of  either  viscus  occurs  with  external  wound. 

2.  That  when  rupture  of  liver  or  spleen  is  fatal,  death  is  generally  the  result  of 
haemorrhage.    Rupture  of  the  gall-bladder  is  apparently  always  fatal. 

3.  That  when  rupture  of  the  kidney  proves  fatal,  death,  when  occurring  early, 
is  the  result  of  haemorrhage ;  when  occurring  later,  is  the  result  of  extravasation  of 
urine. 

4.  That  recovery  from  rupture  of  the  liver,  spleen,  or  kidney,  is  not  improbable 
nor  uncommon. 

5.  That  a  wound  of  the  peritonaeum,  without  bruise  or  laceration  of  tissues,  is  by 
no  means  necessarily  fatal. 

6.  That  a  protrusion  of  intestine,  or  portion  of  other  viscera,  if  the  protruded 
part  be  not  bruised,  nor  long  exposed,  neetl  not  necessarily  prove  fatal. 

7.  That  a  wound  of  protruded  intestine  or  stomach,  if  small,  should  be  secured 
by  ligature — if  large,  by  sutures ;  and  the  protruded  viscus  returned  into  the 
abdomen.  The  former  lesion  may  terminate  in  recovery  ;  '  but  wounds  amounting 
to  direct  division  of  the  canal  are  irreparable,' 1  unless  artificial  anus  be  established. 

8.  That  a  punctured  wound  of  viscera  is  more  dangerous  than  a  wound  with  pro- 
trusion— less  dangerous  than  rupture  without  external  wound ;  that  the  danger  is  in 
proportion  to  the  size  of  the  internal  wound  ;  and  that  an  artificial  anus  offers  the 
best  prospect  of  recovery  when  the  wound  is  extensive. 

Fistula  of  the  Stomach. 

Hennen,  in  his  work  on  '  Military  Surgery,'  observes  that  '  wounds  of  the 
stomach  are  extremely  dangerous,  though  not  mortal ; '  and  he  adds  that,  according 
to  M.  Percy's  observations,  only  four  or  five  out  of  twenty  recover.  We  have 
already  alluded  to  the  prospect  of  recovery  after  a  wound  of  the  stomach.  Recovery 
may,  in  the  first  instance,  occur  from  immediate  blocking  up  of  the  internal  wound, 
and  union  of  the  external  one  by  first  intention  ;  or  recovery  may  be  qualified  to 
this  extent,  that  the  two  wounds  become  soon  united  to  each  other  by  their  margins, 

1  Travers,  p.  133. 
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but  leave  an  opening  through  the  walls  of  the  stomach  and  the  external  parts.  An 
escape  of  the  contents  of  the  stomach  takes  place  through  this  opening,  which  may 
continue  stationary  for  an  indefinite  time ;  such  an  opening  constitutes  a  gastric 
jistida. 

That  the  occurrence  of  a  gastric  fistula,  or  its  persistence,  is  not  incompatible 
with  life,  or  even  health,  is  a  fact  so  satisfactorily  authenticated,  that  it  requires  no 
confirmation  on  our  part  to  establish  it.  We  shall  have  to  refer  to  cases  which 
afford  ample  and  conclusive  evidence,  not  only  of  the  formation,  but  the  duration  of 
these  fistulas  over  many  years.  A  fistula  of  the  stomach  occurs  on  the  escape  of  its 
contents  externally,  through  a  lacerated  or  incised,  or  punctured  wound,  after  the 
internal  and  external  wounds  have  become  blended  by  their  margins  into  one 
opening  ;  or  the  fistula  may  be  the  result  of  ulceration  of  the  stomach,  followed  by 
adhesion  of  the  opposed  peritoneal  surfaces,  and  ultimate  perforation  of  the  abdo- 
minal wall;  or  the  consequence  of  a  foreign  body  making  its  way  through  the 
visceral  and  abdominal  parietes  ;  or  the  result  of  abscess  ;  or  the  effect  of  malignant 
ulceration. 

When  the  wound,  which  allows  the  escape  of  fluid  and  food  from  the  stomach, 
has  become  clean  and  healthy,  granulation  slowly  produces  a  continuous  smooth 
cicatrix  between  the  outer  skin  and  inner  mucous  surface  of  the  stomach.  This  is, 
however,  generally  rather  a  tedious  process,  the  cicatrisation  being  frequently 
interrupted  by  painful  excoriation  and  ulceration,  caused  by  the  excessively  irritating 
quality  of  the  fluids  constantly  escaping  from  within.  But  for  a  time  the  opening 
gradually  contracts.  If  originally  small,  it  may  close  in  the  course  of  a  few  weeks ; 
if  not  small,  it  will  probably  remain  open  many  months ; — it  may  remain  fistulous 
for  many  years. 

The  first  difficulty  with  which  the  surgeon  most  probably  will  have  to  contend, 
will  be  the  escape  of  the  food ;  the  second,  will  be  the  prolapse  of  the  mucous 
membrane.  The  escape  of  the  food  will  depend,  in  amount,  on  the  size  of  the 
opening;  the  loss  may  be  so  great,  that  sustenance  becomes  a  question  of  moment; 
and  then  recourse  must  be  had  to  nourishing  enemata.  It  is  never  desirable  to  plug 
the  fistula  to  prevent  escape  of  food,  for  the  presence  of  a  plug  invariably  dilates 
the  opening.  A  compress  over  the  opening  is  the  best  application  for  the  purpose 
of  moderating  the  escape  ;  and  sometimes  this  treatment  will  succeed  almost  entirely 
in  effecting  the  desired  object. 

The  prolapse  of  the  mucous  membrane  will  depend  very  much  on  the  size  of  the 
opening,  as  also  somewhat  on  the  part  of  the  stomach  implicated  in  the  fistula.  If 
the  opening  be  in  the  upper  portion  of  the  large  extremity,  the  prolapse  will  probably 
be  but  slight ;  wheieas  if  the  opening  be  towards  the  lower  part,  or  pyloric  extremity, 
the  protrusion  will  be  more  troublesome.  However,  prolapse  of  the  mucous 
membrane  does  not  generally  offer  any  difficulty  in  treatment ;  it  is  usually  readily 
returned,  but  requires  slight  pressure  to  keep  it  from  escaping  through  the  fistula. 

The  following  well-known  case  so  well  illustrates  the  points  above  alluded  to,  that  we 
cannot  help  introducing  it  shortly,  for  that  purpose.  Alexis  St.-Martin,  aged  18,  was 
wounded  by  a  musket  on  the  left  side,  when  about  a  yard  from  the  muzzle.  The  shot  blew 
off  the  integuments  and  muscles,  to  the  size  of  the  hand,  fractured  and  carried  away 
the  anterior  half  of  the  sixth  rib,  fractured  the  fifth  rib,  lacerated  the  lower  part  of  the  left 
lung  and  the  diaphragm,  and  perforated  the  stomach.  On  the  sloughs  separating,  a  perfora- 
tion large  enough  to  admit  the  middle  finger  was  observed  in  the  stomach  (besides  other 
injuries,  which  do  not  bear  on  this  question).  For  seventeen  days  everything  sivallowed 
passed  out  through  the  wound;  and  the  patient  was  kept  alive  chiefly  by  nourishing-  injections. 
At  every  dressing  of  the  wound,  the  contents  of  the  stomach  flowed  out ;  its  coats  frequently 
became  everted,  or  protruded  so  far  as  to  equal  in  size  a  hen's  egg,  but  were  easily  returned. 
After  the  fourth  week  the  lad's  health  was  quite  restored.  For  some  months  the  food  could 
be  retained  only  by  wearing  a  compress  and  bandage ;  then  a  small  fold  or  doubling  of  the 
villous  coat  began  to  appear,  which  gradually  increased  till  it  filled  the  aperture  and  acted 
as  a  valve,  while  it  admitted  of  being  pushed  back  by  the  finger  from  without.  The  wound 
was  inflicted  in  June  18212,  and  St.-Martin  was  alive  in  March  1833.  The  orifice  of  the 
wound  was  then  in  the  same  state  as  in  1824,  being  about  two  inches  and  a  half  in  circum- 
ference. When  the  stomach  was  entirely  empty,  the  valve  was  generally  forced  out  through 
the  orifice,  together  with  a  portion  of  the  mucous  membrane  equal  in  bulk  to  a  hen's  eetr. 
After  he  had  slept  for  a  few  hours  on  the  left  side,  the  protruded  portion  became  so  much 
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larger  as  to  spread  over  the  neighbouring  integument  five  or  six  inches  in  circumference,  and 
fairly  exhibited  the  natural  rugae,  villous  membrane,  and  mucous  coat  lining  the  gastric 
cavity.1 

In  the  'Med.-Chir.  Trans.'  vol.  xli.,  a  case  is  related  by  Dr.  Murchison,  of  a  woman 
aged  34,  in  whom  a  fistula  was  occasioned  by  the  continued  pressure  of  a  copper  coin 
over  the  epigastric  region  ;  ulceration  was  set  up  ;  and  the  pressure,  constantly  applied 
to  the  surface  of  the  ulcer,  at  last  effected  a  communication  from  without  into  the  cavity  of 
the  stomach.  Dr.  Murchison  has  added  to  the  particulars  of  this  case  a  short  table  of  cases 
of  gastric  fistulse,  many  of  them  the  result  of  disease  commencing  from  within. 

The  treatment  of  a  gastric  fistula  should,  in  the  early  days  of  its  occurrence,  he 
most  simple.  The  parts  should  be  kept  scrupulously  clean,  and  the  compress  and 
bandage  and  other  dressings  frequently  changed ;  lint,  moistened  with  tepid  water, 
is  the  simplest  and  most  cleanly  dressing,  and  should  be  used  as  soon  as  the  wound 
has  commenced  to  granulate ;  and  as  long  as  there  is  any  tendency  to  contraction 
nature  should  be  permitted  to  pursue  her  course  unmolested.  Frequently,  such 
fistulre  will  close  without  our  interference. 

When  all  further  prospect  of  closure  is  at  an  end,  when  contraction  of  the  orifice 
of  the  fistula  appears  to  have  been  carried  to  the  utmost,  and  the  fistula  indicates 
that,  without  some  surgical  assistance,  it  may  remain  patulous  for  the  period  of  the 
patient's  life,  then  it  become  the  duty  of  the  surgeon  to  endeavour  to  assist  in  the 
closure  of  the  orifice  ;  otherwise  the  fistula  will  last  for  years.  Richerand  mentions 
one  extending  over  a  period  of  nine  years.  In  Haller's  '  Dissertations '  two  cases 
are  recorded,  one  by  Ettm  filler,  in  which  the  fistula  continued  open  for  ten  years ; 
another  by  Wenker,  in  which  it  remained  patulous  for  twenty-seven  years.  Under 
such  prospects  the  presence  of  a  gastric  fistula  becomes  a  grave  evil,  and  all  practi- 
cable efforts  should  be  made  to  relieve  the  patient.  The  prospect  of  closure  held  out 
by  a  plastic  operation  is  such,  that  we  may  attempt  by  repeated  operations  to  close 
the  orifice,  even  should  the  first  prove  unsuccessful.  Dr.  Middeldorpf 2  has 
related  a  case,  in  which  he  succeeded  in  almost  entirely  closing  a  gastric  fistula 
(apparently  the  result  of  some  ulcerative  process  in  the  stomach),  which  had  existed 
some  five  years.  A  flap  of  skin  was  brought  up  from  the  lower  extremity  of  the 
opening,  and  fixed  to  its  edges  by  sutures.  The  whole  of  the  surfaces  united,  with 
the  exception  of  a  point  the  size  of  half  a  pin's  head.  As  this  fistula  happened  to  be 
situated  between  the  cartilages  of  the  sixth  and  seventh  ribs  on  the  left  side,  it  was 
in  an  unfavourable  position  for  contraction,  and  in  an  equally  unfavourable  part  for 
the  success  of  any  attempts  made  close  to  it.  The  almost  complete  success  of  Dr. 
Middeldorpf  is  very  encouraging,  under  the  circumstances  of  the  case  he  has  related  ; 
and  should  lead  us  to  anticipate  complete  relief  from  a  similar  operation,  were  the 
fistula  situated  below  the  cartilages  of  the  ribs,  and  in  a  situation  in  which  the 
tissues  yield  more  readily.  Sometimes  one  or  two  sinuses  burrow  round  an  abdo- 
minal fistula;  should  such  exist, they  should  be  laid  open  before  the  attempt  is  made 
to  close  the  principal  artificial  aperture. 

Fistidrn  of  the  gall-bladder  may  be  the  result  of  abscess  caused  by  the  presence  of 
a  gall-stone.  Such  cases  are  very  rare,  nor  do  they  require  much  more  than  a 
passing  notice.  Before  such  a  fistula  can  form,  the  patient  must  have  had  pretty 
marked  evidence  of  previous  mischief  in  the  neighbourhood  of  the  liver  and  gall- 
bladder, with  constitutional  disturbance  of  no  slight  character.  The  treatment,  as 
far  as  the  surgeon  is  concerned,  should  be,  to  give  exit  to  matter  as  soon  as  local 
evidence  of  its  collection  is  in  any  degree  marked,  or  its  existence  suspected.  Should 
a  gall-stone  be  lodged  in  the  abscess,  or  present  at  the  opening,  some  degree  of 
caution  is  necessary  in  interfering  with  it ;  but  the  sooner  it  can  be  removed  without 
risk,  the  earlier  will  be  the  relief  afforded  to  the  patient,  and  the  sooner  will  the 

1  For  the  further  interesting  particulars  of  this  case,  we  must  refer  our  readers  to 
Br.  Beaumont's  E.iperimertts  and  Observations  on  the  Gastric  Juice,  and  the  Physiology  of 
Digestion. 

'2  Brit,  and  For.  Med.-Chir.  Rev.  Oct.  18G0,  p.  545,  from  the  Wiener  Wochenschrift, 
Nos.  3-C. 
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parts  commence  to  recover.  There  may  remain  a  fistula  with  bile  escaping  from  it 
for  some  time,  but  unless  there  be  some  marked  reason  for  surgical  interference,  it 
were  better  to  leave  the  parts  to  contract  of  themselves. 

Artificial  Anus. 

Artificial  anus  '  generally  results  from  loss  of  substance  consequent  on  mortifica- 
tion of  the  bowel  in  strangulated  hernia,  but  may  be  the  consequence  of  penetrating 
wounds,  or  of  ulceration  of  the  canal  from  internal  or  external  causes.' 1  Whether 
artificial  anus  be  the  result  of  accident  or  disease  or  operation,  the  conditions  which 
the  opening  may  assume,  or  the  treatment  to  be  adopted  for  its  relief,  in  either  case 
cannot  vary  to  any  great  extent.  We  therefore  propose  to  consider  the  evil  under 
both  aspects. 

As  in  lesions  of  the  stomach,  so  in  fistulous  apertures  of  the  intestine,  there  may 
be  a  small  or  large  permanent  opening,  established  by  the  union  of  the  sides  of  the 
internal  wound  with  the  circumference  of  the  wound  in  the  abdominal  parietes. 
But  the  size  of  the  fistulous  orifice,  through  which  escape  of  feculent  fluid  takes 
place,  will  depend  entirely  on  the  amount  of  destruction  of  the  intestinal  wall,  not 
at  all  on  the  original  size  of  the  external  wound.  In  proportion  to  the  loss  of  the 
former  there  will  be  experienced  a  difficulty  in  closing  the  latter,  and  in  proportion 
to  the  distance  of  the  common  orifice  from  the  pylorus  will  the  chance  of  imme- 
diately saving  or  of  prolonging  life  be  increased.  For  the  purpose  of  considering 
the  general  features  of  an  artificial  anus  in  its  early  condition,  we  will  assume  that, 
whether  the  fistula  be  the  result  of  wound,  or  mortified  bowel,  or  other  cause,  the 
orifice  in  the  bowel  has  become  fixed  to  the  margins  of  the  external  aperture  ;  that 
all  sloughs  caused  by  injury  or  disease  have  become  separated ;  and  that  there  is,  at 
the  opening,  a  continuous  surface  from  the  integument  without  to  the  bowel  within. 
What  characteristics  may  we  expect  to  find  about  such  an  opening  1  Usually  the 
aperture  will  be  more  or  less  round,  but  it  may  be  oblong  and  irregular.  The 
smaller  it  lSj  <XS  it  rule,  the  more  circular  will  be  its  shape.  The  margin  will  seldom 
present  a  smooth  or  healed  condition,  but  will  often  be  somewhat  puckered,  and 
more  often  excoriated  and  bleeding.  The  skin  surrounding  the  aperture  will  gener- 
ally be  much  irritated,  sometimes  quite  sore,  and  often  very  sensitive  or  exquisitely 
painful;  all  which  is  the  result  of  the  irritating  matters  escaping  from  the  gut  and 
running  over  the  integuments  round  the  fistula.  As  the  orifice  of  the  fistula  con- 
tracts the  surrounding  skin  is  thrown  into  slight  ridges ;  the  furrows  between  which 
become  sometimes  deeply  ulcerated.  The  condition  of  the  orifice  itself  will  depend 
much  on  the  size  of  the  opening ;  if  small,  the  mucous  membrane  will  generally  be 
observed  at  the  bottom  of  the  orifice,  and  a  constant  oozing  of  feculent  matter  and 
intestinal  mucus  will  persist  as  long  as  the  orifice  remains. 

If  the  orifice  is  large,  some  amount  of  prolapse  will  constantly  occur  through  the 
fistula  ;  but  when  the  intestine  retains  its  proper  position  within  the  abdomen,  from 
the  posterior  wall  of  the  fistula  w  ill  be  observed  a  fold  of  membrane — its  thin  edge 
projecting  towards  the  outlet.  If  the  destruction  of  the  bowel  has  been  extensive ; 
for  instance,  if  the  bowel  has  been  divided,  and  the  divided  extremities  have  become 
attached  to  the  external  wound  ;  or  if  three-fourths  of  the  wall  of  the  intestine  has 
been  lost  by  slough,  or  shot  away,  and  artificial  anus  has  been  formed,  then  we  shall 
be  able  to  observe  distinctly  the  upper  and  lower  orifices  of  the  bowel,  and  between 
them  a  fold  of  mucous  membrane  will  be  seen  projecting  almost  to  the  level  of  the 
external  outlet;  in  fact,  so  as  to  form  a  distinct  and  prominent  partition  which 
extends  from  behind  forwards,  between  the  openings  of  the  upper  and  lower  portions 
of  the  gut.  In  proportion  to  the  projection  of  this  fold  into  the  wound,  so  is  the 
obstruction  to  the  passage  of  the  contents  from  one  opening  to  the  other.  The  fold 
may  even,  and  often  does,  project  sufficiently  to  lap  over  the  lower  opening,  and 
then  will  conduct  the  whole  of  the  contents  of  the  upper  division  of  the  bowel 
directly  outwards  through  the  artificial  anus.    The  fold,  to  which  we  have  now 
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drawn  attention,  constitutes  an  important  feature  in  the  ultimate  condition  and 
in  the  treatment  of  artificial  anus ;  to  this  fact  we  shall  refer  presently. 

Such,  then,  are  the  general  external  characteristics  of  artificial  anus.  We  have 
now  to  examine  the  conditions,  within  the  abdomen,  of  the  portion  of  bowel  impli- 
cated in  the  opening.  If  we  trace  a  convolution  of  the  upper  portion  of  the  intestine 
towards  such  an  aperture,  on  approaching  the  latter,  the  bowel  will  be  observed,  within 
the  last  few  inches,  to  form  an  angle  more  or  less  acute  with  the  portion  of  intestine 
which  forms  the  commencement  of  the  lower  division.  According  to  the  amount  of  de- 
struction of  the  bowel,  and  the  prominence  of  the  fold  of  mucous  membrane  within 
the  wound,  will  be  the  acuteness  of  the  internal  angle;  and  if ' the  angle  be  very 
acute,  in  consequence  of  extensive  destruction,  the  portions  of  bowel  forming  the 
angle  will  lie  more  or  less  side  by  side,  or  sometimes  across  each  other,  as  they 
approach  the  fistula.  The  serous  surfaces  of  these  opposed  portions  are  not  generally 
adherent  to  each  other.  Intestinal  convolutions  may  dip  down  between  them,  and 
even  push  forwards  a  serous  sac  into  the  artificial  opening.  This  is  an  important 
fact  : — viz.  that  the  mass  of  intestine  within  the  abdomen  is  only  protected  exter- 
nally, at  the  artificial  opening,  by  the  thickness  of  the  wall  of  the  adherent  bowel. 
The  serous  surface  of  the  intestine,  where  the  latter  is  adherent  to  the  abdominal 
wall,  is  continuous  with  the  parietal  peritonaeum  all  round  the  false  opening;  for  the 
two  serous  surfaces,  parietal  and  visceral,  have  become  adherent  to  each  other,  either 
previous  to  the  sloughing  of  the  bowel  in  a  hernia,  or  subsequent  to  the  wound  of 
the  intestine  in  an  injury.  The  adhesions,  which  unite  the  intestinal  to  the  external 
orifice,  occur  first  on  the  peritoneal  face  of  each  opening,  and  are  at  first  slight,  but 
subsequently  become  more  firm  as  they  become  vitalised.  But  the  extent  of  such 
adhesions  is  never  broad,  nor  capable  of  offering  much  resistance  to  the  pressure 
of  the  viscera  within.  Sir  W.  Lawrence  justly  observes,  '  The  abdominal  cavity  is 
protected  at  the  margin  of  the  opening  by  a  feeble  barrier  ;  the  extent  of  the  adhe- 
sions being  only  from  half  a  line  to  a  line,  sometimes,  but  rarely,  reaching  to  half 
an  inch.'1  As  the  membrane  covering  the  bowel  attached  to  the  orifice  is  thus  con- 
tinuous with  the  parietal  peiitonaeum  within,  so  the  membrane  lining  the  bowel  is 
continuous  with  the  cuticle  which  surrounds  the  artificial  anus  without. 

Such,  then,  are  the  general  and  early  conditions  usually  found  in  a  case  of  arti- 
ficial anus;  certain  variations  may  be  met  with,  dependent  on  locality.  In  an  arti- 
ficial anus,  the  result  of  an  accidental  wound  of  the  large  intestine,  or  the  conse- 
quence of  an  opening  made  into  the  colon  in  the  lumbar  region  for  the  relief  of  ob- 
structed bowel,  the  probability  is,  that  no  fold  of  mucous  membrane  will  exist,  such  as 
is  observed  when  any  considerable  portion  of  the  small  intestine  has  been  destroyed. 
"When  the  opening  is  high  up  and  implicates  the  jejunum,  the  fluids  which  escape 
are  less  offensive  than  when  the  opening  exists  in  the  lower  part  of  the  small 
intestine.  When  the  opening  is  in  the  large  bowel,  the  discharge  often  consists 
of  hard  fseculent  masses,  and  is  always  of  the  character  of  that  passed  natur- 
ally from  the  rectum.  Within  also,  when  the  large  bowel  is  implicated,  there 
need  be  little  disturbance  of  the  natural  position  of  the  bowel ;  there  need  be  no 
angle  formed  by  the  upper  and  lower  portions  of  the  bowel  fixed  at  the  aper- 
ture ;  and  there  need  be  no  adhesions  of  the  serous  surfaces  to  secure  the  wounded 
intestine  to  the  abdominal  wall,  as  the  bowel  may  have  been  opened  external  to  the 
serous  sac. 

Certain  changes  will  occur  in  an  artificial  anus,  as  time  passes.  If  the  opening 
was  originally  small  in  the  intestine,  the  external  orifice  will  gradually  contract,  the 
escape  of  the  contents  will  diminish  in  proportion  to  the  contraction,  and,  in  some 
few  weeks  or  months,  the  aperture  may  close.  If  the  aperture  in  the  intestine  was 
originally  large,  the  artificial  opening  will  gradually  become  less,  up  to  a  certain 
point,  and  then  remain  stationary  in  size.  The  edges  will  often  become  thick  and 
callous,  and  will  also  occasionally  become  puckered  inwards ;  at  the  same  time,  the 
fold  of  membrane  which  projects  from  within,  becomes  gradually  directed  away  from 
the  orifice  which  leads  into  the  upper  portion  of  the  bowel ;  for  the  stream  of  fa?cu- 

1  Lawrence,  On  Hernia,  p.  3S0. 
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lent  matter  acts  constantly  against  the  corresponding  surface  of  tliis  projection,  and 
inclines  it  towards  the  orifice  of  the  lower  portion,  sometimes  so  as  to  close  it  com- 
pletely, and  thus  effectually  prevents  the  passage  of  fasces  from  the  upper  into  the 
lower  portion  of  the  bowel.  In  proportion  to  the  extent  and  projection  forwards  of 
this  fold  will  the  passage  of  feculent  fluid  or  food  across  the  area  of  the  artificial 
anus,  and  through  the  lower  portion  of  the  intestinal  canal,  be  diminished ;  the  fold 

Fig.  131. — Artificial  Anus,  showing1  the  angle  between  the  two  portions  of  intestine. 
The  lower  portion  of  gut  in  the  drawing  is  the  one  nearer  the  stomach,  and  is  larger 
than  the  other.    (Museum  of  Royal  College  of  Surgeons,  No.  1,384.) 


acts  as  a  dam  across  the  natural  passage,  and  directs  the  stream  through  the  new 
aperture,  to  be  discharged  externally.  And  as  the  facility  of  communication  from 
one  to  the  other  becomes  less,  so  the  orifice  of  the  lower  portion  contracts,  while  that 
of  the  upper  portion  often  becomes  dilated  and  thickened.    As  the  artificial  orifice 

Fig.  132. — Artificial  A.nus  with  Prolapsus.    (Museum  of  Royal  College  of  Surgeons, 

JNTo.  1,386.) 


is  not  guarded  by  a  sphincter-muscle,  the  escape  of  the  contents  is  constant,  and  is 
beyond  the  control  of  all  voluntary  efforts  or  desire.  The  patient's  health  will 
become  much  deteriorated  if  the  small  intestine  is  open  far  above  the  ileo-csecal 
valve ;  nutrition  is  then  but  imperfectly  carried  on.  The  patient  suffers  greatly 
from  the  excoriation  caused  by  the  acridity  of  the  discharge,  the  constant  moisture 
of  the  skin,  and  the  frequent  necessity  to  cleanse  the  wound  ;  so  that  with  a  slight 
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attack  of  diarrhoea,  or  other  exhausting  ailment,  one  in  such  a  condition  rapidly 
sinks.  '  The  prospect  of  regaining  and  preserving  health  and  strength,'  observes 
Sir  W.  Lawrence,  '  when  the  continuity  of  the  intestine  cannot  be  restored,  depends 
entirely  on  the  situation  of  the  unnatural  opening  :  is  greater  in  proportion  as  that 
is  nearer  to  the  inferior  end  of  the  canal,  and  smaller  as  it  approximates  to  the 
stomach.' 

One  of  the  most  marked  effects  of  an  artificial  anus,  whenever  the  fseculent  fluid 
escapes  entirely  through  it,  is  that  the  lower  portion  of  the  bowel,  i.e.  all  below  the 
aperture,  becomes  contracted  ;  and  in  time,  so  much  so,  as  hardly  to  be  recognisable 
as  the  intestine  of  an  adult.  The  tube  is,  however,  rarely  obliterated.  Dupuytren 
mentions  a  case  which  occurred  in  the  Hospital  of  Val-de-Grace,  in  Paris,  observed 
by  M.  Begin,  and  in  which  the  lower  portion  of  the  bowel  was  obliterated,  and 
formed  a  solid  cord.  The  portion  of  intestine  forming  the  artificial  anus  was  the 
transverse  colon.  The  patient  was  eighty  years  of  age  when  he  died,  and  he  had 
suffered  from  artificial  anus  for  forty  years.  The  lower  portion  of  the  rectum  was 
not  quite  obliterated,  but  next  to  the  artificial  orifice,  no  trace  of  canal  was  to  be 
found.1 

Fig.  133. —  Artificial  Anus,  with  Prolapsus  and  Hernia  (ideal  representation.) 


a.  the  abdominal  wall ;  6,  the  coils  of  intestine  inside  the  peritonea  cavity,  some  of  which  have  formed  a  hernia 
and  are  represented  at  c,  external  to  the  ntdomen  covered  with  the  peritonaeum  ;  <t,  one  of  the  two  coils  forming 
the  artificial  anus  which  is  prolapsed,  and  shows  its  mucous  surface  exteinal  to  the  abdominal  wall. 

In  an  artificial  anus  there  is  a  constant  tendency  towards  prolapsus  of  the  bowel 
(fig.  132).  There  may  also  occur  a  hernial  protrusion  behind  or  through  the  wall  of 
the  adherent  intestine,  or  between  it  and  the  external  wound  (tig.  133).  This  is 
not  frequent.  Prolapsus  usually  takes  place  through  the  orifice  of  the  upper  por- 
tion, and  is  a  common  occurrence  to  a  slight  extent.  Generally  the  protruded  bowel 
is  readily  returned,  and  can  then  be  retained  by  gentle  pressure  secured  by  a  bandage 
or  truss.    But  prolapsus  may  be  very  extensive,  and  may  even  prove,  fatal. 

A  patient  operated  on  by  the  author,  in  the  autumn  of  1859,  for  strangulated  femoral 
hernia,  was  found,  when  the  sac  was  opened,  to  have  mortification  of  the  greater  portion  of 
the  circumference  of  a  piece  of  small  intestine.  The  bowel  was  cut  open  where  dead,  and 
the  protruded  intestine  left  in  the  wound.  An  artificial  anus  was  thus  established  ;  and 
though  the  patient  was  greatly  reduced,  and  extremely  ill  for  many  days  subsequently,  she 
recovered  sufficiently  to  quit  the  hospital  about  three  months  after  the  operation.  The 
artificial  aims  was  then  rather  more  contracted  than  at  first,  but  almost  all  the  faeces  passed 
externally  through  the  opening.    She  gradually  gained  strength,  and  recovered  sufficiently 


1  Dieiionnmre  de  Med.  et  CItir.  pratiques,  torn.  iii.  p.  183. 


ARTIFICIAL  ANUS. 


905 


to  be  able  to  do  a  little  work.  About  six  montba  after  she  left  the  hospital,  one  afternoon 
while  lifting  some  furniture  when  cleaning  her  room,  she  felt  something  suddenly  wrong 
in  the  region  of  the  artificial  anus,  and  immediately  experienced  great  pain.  She  was  only 
able  to  get  on  the  bed,  and,  being  quite  alone,  was  unable  to  procure  assistance.  She  now 
perceived  that  there  was  a  large  protrusion  at  the  artificial  anus.  In  the  evening  her  husband 
returned  home,  but  was  so  drunk  that  he  could  not  be  made  to  understand  the  urgency  of 
her  sufferings,  and  would  not  consent  to  any  medical  advice  being  procured.  The  poor 
woman  passed  the  night  in  great  suffering,  and  in  the  morning  the  husband,  having  returned 
to  his  senses,  called  Dr.  Martyn,  of  Brompton,  to  see  her.  Hearing  the  particulars  of  her 
history,  Dr.  Martyn  asked  the  author  to  visit  her.  A  large  mass  of  prolapsed  bowel,  some 
three  feet  in  length,  was  found  lying  external  to  the  artificial  opening.  The  mucous  mem- 
brane was  dark-coloured  and  almost  black  from  congestion,  and  blood  was  oozing  from  its 
surface  generally.  The  protruded  portion  of  the  bowel  was  thrown  into  several  convolutions, 
was  greatly  distended  and  much  solidified,  and  excessively  tender  when  touched.  She  was 
admitted  into  St.  George's  Hospital,  where,  after  consultation  with  Mr.  Cutler,  the  author 
attempted  the  reduction  of  this  really  frightful-looking  mass  of  prolapsed  bowel.  ~V\  bile 
attempts  at  reduction  were  being  made  with  extreme  care  and  much  gentleness,  a  quantity 
of  intestine  (covered  with  peritonaeum)  was  observed  to  escape  suddenly  from  the  abdomen, 
by  the  side  of  the  bowel  already  prolapsed  and  covered  with  mucous  membrane.  A  double 
complication  now  existed.  The  exact  peculiarities  of  this  complication  will,  it  is  hoped,  be 
understood  by  reference  to  the  accompanying  illustration  (fig.  133) ;  but,  to  render  the  case 
more  clear,  its  various  stages  and  conditions  are  shortly  recapitulated.  Previous  to  the 
occurrence  of  the  prolapsus,  the  original  openings  in  the  intestine  and  the  abdominal  wall  were 
adherent  to  each  other  by  their  opposed  margins,  so  that  one  common  opening,  the  artificial 
anus,  was  the  result ;  the  visceral  and  parietal  peritonaeum  being  continuous  with  each  other 
around  the  internal  aspect  of  the  opening.  Through  this  common  opening  a  portion  of  t  he  upper 
bowel  became  prolapsed,  and  projected  externally.  This  projection  was  the  mass  covered 
with  mucous  membrane,  which  was  seen  in  the  first  instance.  The  pressure  exerted  by  the 
protrusion  of  so  large  a  mass  of  bowel  on  the  margins  of  the  artificial  anus,  caused  the 
adhesions  between  the  two  original  wounds  to  give  way  ;  consequently  the  opening  in  the 
wall  of  the  bowel  was  no  longer  attached  to  the  abdominal  opening ;  and  the  latter  now 
communicated  directly  with  the  interior  of  the  peritonaeum.  Through  this  opening,  leading 
into  the  cavity  of  the  peritonaeum,  the  portion  of  bowel  covered  with  peritonaeum  passed  out : 
but  there  had  already  escaped,  through  the  same  external  opening,  the  prolapsed  bowel. 
The  following  condition  of  parts,  therefore,  was  found  at  the  aperture  in  the  abdominal 
wall : — 

Several  convolutions  of  bowel  protruding  externally  and  without  the  sac.  In  the  walls  of 
one  portion  of  this  protruding  mass  was  the  opening  of  the  bowel  made  at  the  time  of  the 
operation  for  the  relief  of  the  hernia  :  and  through  this  opening  projected  a  large  mass  of 
prolapsed  bowel ;  the  mucous  membrane  of  which  was  a  dark  red  colour  and  highly  con- 
gested. So  that,  side  by  side,  exposed  to  the  air  and  lying  outside  the  abdominal  wall,  there 
was  intestine  protruding  covered  by  peritonaeum,  and  intestine  prolapsed  covered  by  mucous 
membrane :  the  two  being  but  portions  of  one  mass  of  small  intestine  escaped  from  the 
peritoneal  cavity,  through  an  artificial  outlet  at  the  femoral  ring. 

The  prolapsus  was  readily  reduced,  by  drawing  upon  the  portion  of  bowel  which  had 
last  escaped.  The  latter  was  traced  to  the  point  where  the  invagination  commenced,  and 
was  then  gently  pulled  until  the  invaginated  portion  was  entirely  unfolded.  The  intestine 
was  then  easily  returned  into  the  abdomen,  and  the  original  wound  of  the  bowel  secured  to 
the  margins  of  the  external  opening  with  sutures.  The  poor  woman  was  so  much  ex- 
hausted by  her  prolonged  sufferings,  that  she  expired  the  following  morning.  The  portion 
of  intestine  below  the  wound  was  found  very  much  contracted,  and  free  from  faeculent 
matter. 

When  hernial  protrusions  occur  through  an  artificial  anus,  the  coverings  of  the 
hernia  will  be  solely  formed  by  the  coats  of  the  adherent  intestine,  mucous  membrane 
outside,  and  peritonaeum  within ;  but  should  the  hernial  protrusion  be  other  than 
small,  we  must  anticipate  some  separation  of  the  adhesions  which  attach  the  orifice 
of  the  bowel  to  the  abdominal  wall,  as  occurred  in  the  case  last  described.  In  such 
a  case,  the  pressure  exerted  on  the  intestine  round  the  orifice  would  be  very  con- 
siderable, and  the  protruded  sac  might  even  be  ruptured  from  this  cause. 

The  treatment  of  artificial  anus  depends  much  on  the  features  of  each  case. 
When  the  opening  is  small,  we  need  do  little  more  than  require  the  patient  to  be 
kept  as  clean  as  the  circumstances  of  the  case  will  permit,  and  meanwhile  endeavour 
to  restrain  the  escape  of  faeces  or  food  through  the  orifice,  by  the  application  of  gentle 
pressure.  Closure  of  the  opening  will  frequently  occur,  in  such  a  case,  without  any 
further  interference  on  the  part  of  the  surgeon.  A  young  woman,  operated  on  for 
strangulated  femoral  hernia,  by  Mr.  Johnson,  in  St.  George's  Hospital,  recovered 
with  an  artificial  anus  in  the  left  groin.    By  degrees  the  opening  gradually  con 
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tracted ;  once  or  twice  it  appeared  closed  ;  again  opened  ;  and,  some  eight  months 
after  the  operation,  became  entirely  healed.  A  similar  case  occurred  in  the  practice 
of  the  author,  though  the  artificial  aperture  closed  in  a  much  shorter  period. 

If  the  opening  shows  no  tendency  to  close,  and  the  patient  objects  to  operative 
interferences,  the  inconvenience  can  be  but  little  mitigated  by  external  measures. 
Pressure  offers  the  best  prospect  of  regulating  somewhat  the  escape  of  the  faeces. 
Various  arrangements  have  been  adopted  to  alleviate  the  distress  of  the  patient; 
receptacles  of  different  shapes  and  materials  have  been  so  fixed  to  the  body,  as  to 
cover  in  the  orifice  of  the  bowel  and  receive  its  contents  as  they  pass  out.  But 
though  much  ingenuity  has  been  exercised  upon  the  construction  and  adaptation  of 
such  appliances,  at  best  they  have  been  found  but  of  trifling  service.  Mr.  Lawrence 
recommends  the  constant  use  of  a  truss  to  prevent  prolapsus;  and  the  author's 
experience  induces  him  strongly  to  advocate  the  importance  of  this  recommendation. 
A  compress  of  linen  placed  in  the  opening,  with  a  larger  pad  over  it,  and  a  truss 
applied  over  the  whole,  will  in  a  great  measure  restrain  the  contents,  as  well  as 
prevent  the  protrusion  of  the  bowel.  It  is  best  that  the  pad  of  such  truss  should  be 
made  of  vulcanite  or  pure  india-rubber,  as  it  is  easily  kept  clean. 

The  relief  or  closure  of  artificial  anus  has  been  attempted  by  surgical  interference. 
Before  alluding  to  the  measures  adopted  for,  what  is  termed,  a  radical  cure,  we  must 
shortly  refer  again  to  the  condition  of  an  artificial  anus  which  has  baffled  the^  surgeon's 
attempt  to  close  it  by  pressure.  In  such  a  case,  the  orifice  of  the  upper  portion  of 
the  bowel  will  be  well  marked,  and  the  fold  of  mucous  membrane  {eperon,  as  it  is 
termed  by  French  authors)  will  be  more  or  less  prominent.  If  a  finger  can  be 
passed  into  the  opening  of  the  upper  portion,  and  another  into  that  of  the  lower 
portion  of  the  bowel,  and  the  ends  of  the  fingers  be  approximated,  they  will  only  be 
separated  at  these  two  points  by  the  opposed  walls  of  the  intestine ;  but  for  an 
instrument  to  pass  through  from  one  portion  of  the  intestine  to  the  other,  the 
peritonaeum  would  have  to  be  necessarily  twice  perforated ;  for  usually  no  adhesions 
exist  between  the  serous  surfaces  corresponding  to  these  points.  The  eperon,  or 
fold,  at  its  free  margin,  consists  of  two  layers  of  mucous  membrane  ;  but  imme- 
diately behind,  the  free  border  will  be  formed  of  the  muscular  and  serous  layers  of 
the  bowel. 

In  order  to  push  back  the  prominent  edge  of  the  eperon,  Desault  passed  a  tent 
of  linen  three  inches  in  length  into  the  intestine,  through  the  artificial  anus  in  a 
patient  under  his  care,  and  covered  the  opening  with  a  compress  and  bandage.  This 
tent  he  proposed  to  remove  twice  a  day,  to  allow  the  evacuation  of  the  faeces ;  but 
he  found  that,  after  some  noise  and  pain  in  the  bowels,  some  fluid  was  discharged 
through  the  rectum,  and  during  three  following  days  several  motions  were  passed. 
The  tent  was  discontinued  on  the  eighth  day,  and  the  opening  was  closed  by  compress, 
and  supported  by  a  truss.  The  case  quickly  recovered.  It  is  stated  that  nothing 
had  passed  through  the  rectum  in  this  case,  from  the  time  of  the  receipt  of  the  wound 
which  produced  the  artificial  anus,  until  the  treatment  alluded  to  was  adopted  by 
Desault,  a  period  of  four  years.  This  method  of  treatment  can  only  be  recommended 
for  trial  in  cases  in  which  the  internal  angle  of  the  bowel  is  not  very  acute,  and 
consequently  when  the  eperon  is  not  very  prominent.  In  fact,  in  such  cases,  with 
proper  care  and  simple  pressure,  time  will  most  probably  ensure  permanent  oblite- 
ration of  the  artificial  opening. 

It  will  now  be  evident  that  the  chief  obstacles  to  the  closure  of  an  artificial  anus, 
which  defies  the  usual  palliative  treatment,  arise  from  the  loss  of  intestinal  wall,  the 
consequent  acuteness  of  the  angle  at  which  the  portions  of  the  intestine  meet  at  the 
aperture,  and  the  unavoidable  prominence  of  the  eperon  or  fold — conditions  which 
most  effectually  interfere  with  the  passage  of  faeces  into  the  lower  division,  of  the 
bowel.  If  the  serous  surfaces  of  the  two  portions  of  the  intestine,  within  a  few 
inches  of  the  opening,  were  adherent  to  each  other,  nothing  would  appear  more 
justifiable  or  easier  than  to  divide  the  eperon  some  distance  inwards,  commencing  at 
its  free  margin  ;  and  then  this  process  of  treatment  would  probably  be  as  safe  as  it 
would  be  easy.    A  direct  and  free  communication  between  the  upper  and  lower 
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portions  of  the  bowel  would  be  thus  immediately  established ;  the  eperon  would  be 
destroyed  ;  and  feeces  would  flow  along  the  natural  channel  more  readily  than  escape 
externally,  especially  if  pressure  was  applied  over  the  opening.  But  it  has  been 
explained  that  the  eperon  is  formed  merely  of  a  duplication  of  the  mesenteric  or 
attached  border  of  the  wounded  bowel ;  the  artificial  aperture  would,  in  most  cases, 
be  situated  in  some  portion  of  the  former  free  surface.  The  duplication  would 
therefore  consist,  within  the  intestine,  of  two  layers  of  mucous  membrane  :  within 
the  abdomen,  of  two  layers  of  serous  membrane,  and  intermediately  of  the  muscular 
and  cellular  coats  of  the  bowel.  To  divide  this  eperon  to  a  sufficient  extent  to  relieve 
the  obstruction  it  produces,  would  necessitate  cutting  into  the  cavity  of  the  perito- 
naeum ;  for  we  should  have  to  cut  through  the  serous  surfaces  of  the  opposed  portions 
of  bowel.  Even  a  further  risk  would  have  to  be  encountered.  There  might  be 
intestinal  convolutions  lying  between  those  two  surfaces  of  bowel,  which  must 
necessarily  be  divided  in  order  to  secure  sufficient  increase  of  space  in  the  canal ; 
therefore  an  instrument  carried  across  the  space  occupied  by  such  convolutions  might 
seriously  injure  any  portion  of  viscera  there  interposed. 

To  Dupuytren  1  we  are  indebted  for  originating  a  method  of  treatment  which, 
perhaps  of  all  others,  holds  out  the  prospect  of  dividing  the  eperon  with  as  little 
amount  of  risk  to  life  as  can  possibly  be  obtained  in  so  formidable  an  undertaking. 
But  the  fact  must  be  fully  appreciated,  that  any  interference  with  this  eperon,  or 
projecting  fold,  must  always  necessarily  be  attended  by  considerable  risk  of  peritonitis, 
and  danger  to  life. 

'  Restoration  is  seldom  accomplished  by  the  united  efforts  of  nature  and  art,' 
writes  Dupuytren, ;  when  the  loss  extends  to  four-fifths,  or  to  the  entire  circumference 
of  the  intestine,  witli  or  without  the  mesentery,  whatever  may  be  the  extent  of  the 
mischief  in  length.  The  destruction  of  the  bowel,  the  contraction  and  change  of 
direction  in  the  tube,  the  projection  of  the  ridge  and  septum,  are  here  carried  to  the 
greatest  extent,  and  constitute  an  insuperable  obstacle  to  the  transmission  of  the 
intestinal  contents  in  their  natural  course.  If  compression  be  employed  with 
sufficient  exactness  to  prevent  escape  of  fseces,  symptoms  of  strangulation  are  pro- 
duced such  as  colic,  nausea,  vomiting,  hiccup.' 

Dupuytren  saw  that,  if,  without  opening  into  the  cavity  of  the  peritonaeum,  he 
could  in  extreme  cases  destroy  the  eperon  by  any  means  which  would  facilitate  the 
passage  of  faeces  in  their  natural  course,  the  probable  result  would  be  the  closure  of 
the  artificial  anus  •  but  that,  without  the  removal  of  the  eperon,  there  was  no 
prospect  of  relief.  He  determined  to  make  the  attempt  to  establish  a  direct 
communication  between  the  upper  and  lower  portions  of  the  gut  by  destroying  the 
septum.  After  one  or  two  attempts  to  effect  this  by  pressure  and  ligature,  he 
ultimately  made  use  of  an  instrument,  which  he  termed  an  enter  otoriie.  By  the 
application  of  this  instrument,  he  considered  that  the  projecting  ridge  and  septum 
might  be  destroyed  in  a  short  period.  It  is  here  only  requisite  to  state,  that  this 
instrument  is  so  constructed  that  it  somewhat  resembles  a  pair  of  forceps,  the  blades 
of  which  can  be  separated  from  each  other,  or,  when  adjusted  to  the  septum,  can  be 
approximated  by  the  action  of  a  screw,  so  closely  as  to  be  firmly  fixed  on  the  part 
embraced  in  their  grasp.  One  blade,  being  grooved,  receives  the  edge  of  the  other, 
when  the  instrument  is  closed  ;  so  that  any  intervening  tissue,  thus  firmly  grasped, 
is  so  effectually  compressed  as  to  be  destroyed  in  a  very  short  time.  When  it  has 
been  decided  to  use  this  instrument,  '  the  first  step  is  to  find  the  two  openings  of  the 
intestine,  and  to  determine  accui'ately  the  direction  taken  by  the  corresponding 
portions  of  the  canal.  Usually  this  is  the  longest  and  most  difficult  part  of  the 
proceeding.  The  discharge  of  the  contents  generally  points  out  to  us,  without  much 
trouble,  the  orifice  and  course  of  the  upper  end.  But  greater  difficulty  is  experienced 
in  discovering  the  lower.  When  the  position  of  the  openings  and  the  course  of  the 
two  portions  of  bowel  have  been  ascertained,  one  branch  of  the  enterotome  is 
introduced  into  one  end  of  the  bowel,  and,  according  to  circumstances,  carried  to 
the  depth  of  one  or  more  inches  ;  the  other  branch  is  placed  to  a  corresponding  depth 
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in  the  other  end.'  1  The  blades  are  then  adjusted  and  firmly  fixed  by  the  action  of 
the  screw.  Dupuytren  recommended  that  the  pressure  should  at  once  be  carried 
to  such  an  extent  as  to  extinguish  circulation  and  life  in  the  part  immediately  ;  and, 
to  prevent  circulation  being  re-established  at  any  point,  he  advised  the  pressure  to 
be  increased  every  second  day. 

The  application  of  the  instrument  does  not  usually  occasion  much  pain,  according 
to  Dupuytren 's  statement.  The  effects  of  the  application  will  not  be  completed  for 
seven  or  eight  days ;  after  which  the  separation  of  the  sloughs,  occasioned  by  the 
strangulation  of  the  intestinal  wall,  will  allow  the  instrument  to  be  removed  without 
further  trouble,  and  without  the  blades  being  opened.  '  By  the  division  and  loss  of 
substance,  the  ridge  and  the  double  septuni,  which  separate  the  two  ends  of  the 
bowel,  are  destroyed,  so  as  to  re-establish  the  interrupted  communication  between 
them,  and  restore  the  natural  course  of  the  aliment  and  fseces.'  2  This  treatment 
appears  simple  enough  and  most  rational,  when  considered  merely  as  a  mechanical 
procedure ;  but  in  practice  we  must  not  be  surprised  if  its  adoption  were  to  prove 
productive  of  very  severe  symptoms  in  many  cases,  and  even  fatal  in  not  a  few.  In 
the  first  instance,  when  closing  the  blades  of  the  enterotome,  we  run  the  risk  of 
catching  between  the  blades  a  portion  of  intestine  not  implicated  in  the  artificial 
anus ;  and  if  we  escape  this  danger,  we  have  to  run  great  risk  of  setting  up  peri- 
tonitis, by  the  action  of  the  instrument  on  the  two  surfaces  of  that  membrane 
enclosed  within  the  blades.  Still,  on  the  other  hand,  it  must  be  remembered  that 
the  patient  has  to  submit  to  a  most  loathsome  condition — great  suffering  and  con- 
tinual annoyance  without  any  prospect  of  relief ;  while  in  many  cases  there  is  also 
the  probability  of  life  being  much  shortened,  from  the  want  of  adequate  nutrition. 
The  surgeon,  in  proposing  the  operation  to  a  patient,  can  honestly  state  that  it  holds 
out  the  prospect  of  permanent  benefit,  though  its  performance  is  attended  by  con- 
siderable risk  ;  but  the  patient  himself  should  decide  whether  to  submit  to  it,  after 
having  had  placed  before  him  all  the  reasons  for  and  against  its  adoption. 

The  following  are  the  results  which  Dupuytren  arrived  at  from  his  own  expe- 
rience and  that  of  others,  in  the  use  of  the  enterotome  : 

Of  forty-one  operations,  twenty-one  were  performed  by  Dupuytren,  and  twenty 
by  other  surgeons.  Three  cases  terminated  fatally ;  one  from  supposed  faecal 
effusion ;  one  from  peritonitis  excited  by  the  operation.  Of  the  remaining  thirty- 
eight,  the  greater  number  had  no  unpleasant  symptoms  :  some  had  colic,  nausea,  and 
vomiting.  Fistulse,  more  or  less  extensive,  remained  in  nine  ;  rendering  the  constant 
use  of  a  truss  necessary.  Twenty-nine  patients  were  completely  relieved,  in  periods 
varing  from  two  to  six  months. 

Some  doubts  have  been  expressed  by  M.  Jobert  3  respecting  the  correctness  of 
Dupuytren's  conclusions  regarding  the  safety  of  this  operation ;  and  the  former 
recommends  that,  in  the  use  of  the  instrument,  the  pressure  should,  in  the  first 
instance,  be  gradual,  and  only  increased  as  the  symptoms  permit.  He  has  observed 
all  the  symptoms  of  strangulation  follow  the  applicatio  of  the  blades,  when  applied 
so  firmly  as  immediately  to  destroy  the  life  of  the  part,  and  states  that  fatal  cases 
have  occurred  after  such  application. 

Surgeons  have  had  but  little  experience  in  the  application  of  the  enterotome  in 
this  country.  Fortunately  the  cases  requiring  its  use  are  rare  in  the  present  day  ; 
but  if  we  are  permitted  to  draw  a  conclusion  respecting  the  advantages  of  treatment 
by  the  use  of  the  enterotome,  and  the  effects  produced  by  its  application,  we  would 
most  strongly  advocate  a  gradual,  rather  than  a  rapid,  closure  of  the  blades  in  any 
case  in  which  it  was  considered  advisable  to  employ  the  instrument. 

Foreign  Bodies  in  the  Stomach  and  Intestines. 

The  introduction,  whether  accidental  or  intentional,  of  foreign  bodies  into  the 
stomacli,  is  not  an  uncommon  occurrence ;  their  retention  in  the  alimentary  canal 

1  Dupuytren,  op.  tit.  2  Op.  tit, 

3  Traite  desMal.  ehir.  du  Omul  infest,  torn.  ii.  p.  125. 
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is  generally  productive  of  evil ;  and  therefore  the  management  of  such  a  case  is  well 
worthy  the  utmost  consideration  of  the  medical  practitioner.  The  term  '  foreign 
body  '  is  applied  to  a  substance  which,  when  introduced  into  the  stomach  or  bowels, 
is  proof  against  the  rapidly-dissolving  action  of  the  gastric  fluid  ;  such  a  substance 
as  retains  its  original  size  and  general  configuration  while  stationary  within,  or  while 
passing  through,  the  intestinal  tube. 

Great  varieties  of  foreign  bodies  have  been  found  in  the  stomach  and  intestines 
after  death  :  and  though  it  may  not  be  necessary  here  to  enumerate  all,  it  will  be 
found  desirable,  practically,  to  distinguish  certain  varieties  from  others,  and  so  to 
classify  them  ;  for,  according  to  their  character,  consistence,  or  shape,  they  act  more 
or  less  prejudicially  on  the  parts  which  surround  them. 

The  following  classification  will  embrace  sufficiently  the  varieties  most  frequently 
met  with : — 

1.  Round  and  flat  bodies,  such  as  money,  fruit-stones,  bullets,  pebbles,  calculi, 
<kc.    These  substances  are  generally  the  least  dangerous  in  their  effects. 

2.  Materials  which,  by  accumulation,  form  large  masses ;  such  as  hair,  string, 
the  husk  of  the  oat,  &c.  Such  substances  generally  constitute  the  largest  foreign 
masses  met  with  in  the  food-tube. 

3.  Sharp-pointed  or  catting  bodies  ;  such  as  pins,  fish-  or  other  bones,  knives, 
false  teeth,  &c.  These  are  generally  attended  by  fatal  consequences,  if  they  become 
lodged  in  the  stomach  or  intestine. 

Foreign  bodies  may  remain  in  the  stomach  for  a  certain  period  without  producing 
much  inconvenience  ;  but  generally,  when  retained,  they  are  attended,  sooner  or 
later,  by  serious,  if  not  fatal  consequences.  The  treatment  of  a  case  in  which  a 
foreign  body  has  become  lodged  in  the  alimentary  canal,  gastric  or  intestinal,  must 
therefore  be  ever  a  subject  of  extreme  anxiety.  If  the  substance  be  a  piece  of  money 
or  any  other  small  body,  it  will  be  passed,  often  without  much  discomfort,  in  the 
course  of  a  few  days,  sometimes  within  forty -eight  hours  of  having  been  swallowed. 
But  should  the  substance  be  a  bone,  or  other  irregular-shaped  or  uneven  mass,  it 
may  be  some  weeks  before  it  escapes  through  the  rectum  ;  and  its  progress  through 
the  tube  is  often  attended  by  pain,  and  sometimes  much  distress  and  suffering,  in 
passing  the  external  outlet. 

The  early  symptoms  indicative  of  a  foreign  body  in  the  stomach  will  depend  very 
much  on  the  shape  and  nature  of  the  mass.  If  it  be  a  pin,  or  a  fish-  or  a  sharp  meat-bone, 
or  any  steel  instrument,  pointed  or  uneven,  or  metallic  tooth-plate,  the  sj'mptoms 
usually  present  will  be  pain  referred  to  the  epigastrium — pain  sometimes  of  a  very 
severe  character  ;  a  sense  of  weight  and  discomfort  at  the  stomach  ;  often  a  desire  to 
vomit,  or  an  actual  ejection  of  the  contents  of  the  stomach,  and  blood,  either  mixed 
with  the  fluid  thrown  up,  or  passed  in  the  motions.  If  the  patient  is  thin  and  the 
substance  large,  it  may  occasionally  be  detected  through  the  abdominal  wall.  When 
the  foreign  body  is  formed  by  an  accumulation  of  hair  or  other  tissues,  introduced 
into  the  stomach  by  degrees  from  time  to  time,  the  symptoms  will  be  chiefly  those 
of  severe  indigestion,  such  as  a  weight  and  pain  in  the  epigastric  region. 

The  effects  of  a  foreign  body  passed  into  the  stomach  will  also  differ  according  to 
the  shape  and  consistence  of  the  mass.  The  substance  may  be  slowly  propelled  into 
the  intestine,  and  thence  escape  externally  through  the  natural  outlet  :  or  be  re- 
tained in  the  intestine,  and  there  produce  fatal  mischief,  or  be  rejected  from  the 
stomach  by  vomiting.  The  mass  may  be  retained  in  the  stomach,  producing  there 
ulceration  and  perforation  of  its  coats,  and  so  ultimately  fatal  peritonitis ;  or  peri- 
tonitis may  occur  as  a  consequence  of  partial  obstruction,  without  perforation. 
The  mass  rarely  remains  in  the  stomach  without  ultimately  producing  fatal  com- 
plications. 

The  treatment  of  cases  in  which  foreign  bodies  have  entered  the  stomach  must 
depend  greatly  on  the  nature  of  the  substances  forming  these  bodies,  as  well  as  upon 
their  shape. 

A  lady,  in  attempting  to  swallow  some  pills,  dislodged  her  artificial  teeth,  consisting  uf 
two  central  incisors  fixsd  to  a  small  gold  plate.    The  mass  passed  at  once  into  the  pharynx 
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and  oesophagus ;  and  was  soon  followed  by  pain  referred  to  the  median  line,  at  a  point  a 
little  above  the  epigastrium.  On  attempting  to  take  food,  she  experienced  difficulty  in 
swallowing  it;  and  the  greater  portion  almost  immediately  returned.  Mr.  J.  Blackstone 
attended  the  patient  for  some  days,  but  as  she  did  not  improve  the  author  was  requested  to 
see  her.  There  was  still,  on  the  tenth  day,  much  discomfort,  inability  to  swallow  without 
pain,  and  food  could  only  be  taken  in  a  fluid  form  and  in  small  quantities  at  a  time.  These 
symptoms  continued  without  much  alteration  till  the  nineteenth  day.  As  the  patient  was 
then  no  better,  but  evidently  thinner,  an  oesophagus  tube  was  gently  passed  down  the  throat : 
when  approaching  the  cardiac  orifice,  the  extremity  of  the  instrument  came  in  contact  with 
some  resisting,  apparently  solid,  substance.  With  very  slight  pressure  this  appeared  to  be 
dislodged,  and  the  tube  passed  freely  on.  On  its  withdrawal  the  patient  expressed  herself 
relieved,  and  was  at  once  able  to  swallow  with  comfort. 

In  a  few  days,  however,  she  again  began  to  complain  of  pain  iir  the  region  of  the  pyloric 
orifice  of  the  stomach  :  but  though  the  pain  persisted  without,  relief,  it  did  not  prevent  her 
from  partaking  of  food.  In  this  state  she  continued  till  one  day  she  again  attempted  to 
swallow  some  pills,  which  made  her  vomit  ;  and  she  brought  up  a  quantity  of  fluid  from  the 
stomach,  and  with  it  the  artificial  plate  and  teeth  attached;  as  perfect  as  the  day  when 
swallowed.  The  mass  was  fixed  nineteen  days  in  the  oesophagus;  and  remained  ninety-seven 
days  in  the  stomach.  The  longest  diameter  of  the  plate  was  three-quarters  of  an  inch  :  a 
sharp  point,  somewhat  hooked,  projected  on  one  side  :  a  less  sharp  one  on  the  other  :  these 
no  doubt  occasioned  the  arrest  of  the  foreign  body  at  the  pyloric  orifice.  The  patient  had 
no  had  svmptom  after  the  ejection  of  the  plate ;  and  perfectly  recovered  her  usual  good 
health. 

In  another  case,  which  occurred  in  the  practice,  of  Mr.  T.  Taylor  of  Edinburgh,  an 
artificial  plate  with  six  teeth  attached  was  accidentally  swallowed  ;  but  as  the  extremities 
of  the  plate  were  rounded,  and  free  from  sharp  projecting  points,  it  passed  per  anum,  in 
three  days  after,  although  the  longest  diameter  of  the  mass  was  one  and  three-quarters  of 
an  inch. 

To  Dr.  Parr  of  New  Brighton  the  author  is  indebted  for  the  notes  of  the  following  case. 
A  lady  awoke  in  the  middle  of  the  night  choking  ;  she  thrust  her  finger  into  her  throat  and 
pushed  down  some  hard  substance.  After  some  little  investigation  she  discovered  the  loss 
of  her  artificial  teeth  ;  which  consisted  of  four  teeth  attached  to  a  gold  plate  with  two  sharp 
projecting  arms  to  embrace  the  adjoining  teeth.  After  the  nervous  dread  consequent  upon 
the  knowledge  of  what  her  stomach  contained,  was  overcome,  she  suffered  no  inconvenience 
until  upwards  of  two  months,  when  she  complained  of  pain  and  tenderness  in  the  region  of 
the  head  of  the  colon.  Six  months  from  the  time  she  swallowed  the  teeth,  they  passed  by 
the  rectum,  bright  and  clean.  The  long  diameter  of  the  plate  was  two  and  a  quarter  inches, 
width  three-quarters  of  an  inch. 

There  is  nothing  more  frequently  .swallowed,  and  that  intentionally,  than  pieces 
of  money.  The  swindler  in  the  streets  of  London,  in  the  habit  of  passing  false 
coin,  when  detected  in  the  act,  will  invariably  endeavour  to  swallow  the  piece  of 
money  intended  to  have  been  passed,  and  will  generally  succeed  in  the  attempt,  even 
if  it  be  the  size  of  a  half-crown.  No  evil  effects  occur  in  such  instances.  The  treat- 
ment usually  pursued  by  the  man,  in  his  own  person,  is  peculiar  and  not  irrational. 
He  avoids  purgative  medicine  as  worse  than  useless.  On  the  other  hand,  he  has 
recourse  to  a  constipating  diet,  and  feeds  for  some  days  on  hard-boiled  eggs  and 
cheese,  in  excess,  beyond  his  usual  diet.  His  theory  is,  that  the  more  solid  and 
copious  the  contents  of  the  bowel,  the  more  sure  is  the  piece  of  money  to  be  caught 
in  the  passing  fieculent  matter,  and  thus  will  be  most  readily  propelled  onwards 
to  the  external  outlet.  It  is  believed  that  aperient  medicine  delays  the  expulsion 
of  the  coin. 

An  interesting  case  is  recorded  in  the  annual  report  on  the  convict  prisons  for  1868,  of  a 
man  who  was  suddenly  seized  with  vomiting  blood,  and  died  almost  immediately  ;  a  post- 
mortem examination  revealed  a  half-crown  piece  lodged  in  the  oesophagus,  which  had  pro- 
duced ulceration  of  the  tube  and  perforation  of  the  aorta. 

It  is  a  very  common  occurrence,  that  a  pin  placed  in  the  month  accidentally  slips 
down  the  phaiynx.  Not  unfrequently  this  happens  with  children  ;  and  the  mother, 
in  her  anxiety  to  do  something,  immediately  closes  the  little  patient  with  castor-oil ; 
and  then  seeks  medical  advice.  In  such  an  accident,  it  is  far  better  to  avoid  purga- 
tives :  and  rather  allow  the  patient  to  eat  plentifully,  so  that  the  foreign  body  may 
have  the  best  chance  of  being  carried  through  the  intestinal  canal,  imbedded  in  and 
surrounded  by  faeculent  matter.  It  were  better  to  encourage  costiveness  than  esta- 
blish relaxation  of  the  bowels. 

A  sharp  pointed  mass  retained  for  a  time  in  the  stomach  or  intestine,  may  gra- 
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dually  penetrate  the  walls  of  the  canal,  and  ultimately  escape  externally,  by  perforat- 
ing the  walls  of  the  abdomen.  Whenever  such  a  result  is  indicated  by  pain  and 
swelling,  and  redness  of  the  external  parts,  the  escape  of  the  mass  may  be  hastened 
by  a  cautious  use  of  the  knife.  Previous  to  the  escape  of  the  foreign  body,  adhesions 
will  have  connected  the  stomach  or  intestines  to  some  portion  of  the  abdominal  wall, 
and  thus  the  internal  wound  will  be  shut  out  of  the  peritoneal  sac,  and  the  foreign 
body  will  be  contained  in  a  cavity  of  its  own,  between  the  opening  in  the  bowel  and 
that  in  the  abdominal  wall ;  otherwise,  the  passage  of  any  substance  through  the 
walls  of  the  intestine,  into  the  cavity  of  the  peritonaeum,  would  set  up  violent,  if  not 
fatal  peritonitis ;  such  as  we  witness  when  the  bowel  is  suddenly  ruptured. 

Needles  or  pins,  when  once  swallowed,  may  escape  from  the  intestinal  tube,  travel 
through  various  structures,  and  subsequently  make  their  exit  some  distance  from  the 
point  at  which  they  had  passed  through  the  coats  of  the  bowel.  It  has  been  affirmed 
that  persons  have  swallowed  whole  packets  of  needles,  and  that  at  various  times  and  in 
different  parts  of  the  body,  separate  needles  have  made  their  appearance.  But  it  is 
necessary  to  receive  with  some  caution  the  evidence  of  a  patient  under  such  a  sup- 
posed condition.  The  peculiar  impulses  of  an  hysterical  mind  occasionally  induce  a 
female  to  practise  an  amount  of  deception  towards  the  medical  attendant,  which  may 
induce  him,  on  the  first  view  of  the  case,  to  take  for  granted  that  which,  upon  careful 
investigation,  would  turn  out  to  be  fictitious. 

The  more  globular  the  mass  the  greater  is  the  chance  of  its  becoming  impacted 
in  the  intestinal  canal,  and  producing  fatal  obstruction  of  the  bowels.  Such  a  mass 
may  pass  from  the  stomach  into  the  duodenum,  and  make  some  progress  down- 
wards; but  as  the  small  intestine  becomes  less  in  diameter  towards  the  ileo-csecal 
valve,  so  the  obstruction  to  the  passage  of  the  foreign  body,  as  it  is  propelled 
onwards,  increases  at  every  inch  of  its  progress  ;  and  if  the  size  or  shape  be  such 
as  to  prevent  its  passage  through  the  lower  portion  of  the  small  intestine,  all  the 
symptoms  of  complete  obstruction  soon  occur.  This  form  of  foreign  body  some- 
times consists  of  a  calculus,  escaped  from  the  gall-bladder,  through  an  ulcerated 
opening  communicating  with  the  duodenum.  Similar'  results,  i.e.  obstruction,  have 
been  known  to  occur  from  the  retention  of  calculi  formed  by  the  matting  together  of 
the  husks  of  the  oat,  these  particles  being  introduced  into  the  stomach  in  that  well- 
known  national  food  of  the  North  called  '  oat-cake.'  Various  specimens  of  calculi 
thus  formed  are  to  be  seen  in  the  Museum  of  the  College  of  Surgeons. 

The  stomach  has  sometimes  been  found  to  contain  large  masses  of  different  substances, 
which  have  been  swallowed  by  patients  little  by  little,  until  the  accumulation  has  become 
so  great  as  to  set  up  local  irritation,  disturhance  of  the  digestive  functions,  and  fatal  peri- 
tonitis. In  the  35th  volume  of  the  '  Med.-Chir.  Trans.'  p.  65,  the  following  case  is  recorded  : 
'  Mrs.  B.,  in  December  1842,  was  affected  with  ha>matemesis,  vomiting  a  washband-basinful 
of  blood.  During  the  succeeding  forty-eight  hours  she  lay  in  a  state  of  total  unconsciousness, 
the  pulse  scarcely  perceptible.  The  vomiting  did  not  return,  and  she  slowly  recovered.'  In 
the  autumn  of  1845  she  complained  of  frequent  sickness,  pain  in  the  epigastrium,  and  in  the 
left  groin.  '  A  hard  tumour  was  discovered  in  the  ieft  iliac  fossa,  which  moved  freely  across 
the  abdomen  as  she  moved  from  side  to  side.  The  size  and  shape  of  this  tumour  were  very 
much  like  an  ordinary  placenta,  and  imparted  to  the  fingers  the  feeling  of  being  very  heavy.' 
Nausea,  occasional  haematemesis,  and  constipation,  were  the  symptoms  most  prominent  in  the 
progress  of  this  case.    In  October  1850  the  patient  died. 

'  The  stomach  contained  about  a  pint  of  semi-fluid  matter,  and  felt  very  like  the  crop  of 
a  fowl ;  the  duodenum  resembled  a  large  sausage  stuffed  with  lead.  On  cutting  into  the 
stomach,  it  was  found  partially  filled  with  some  gruel-like  fluid,  and  in  the  lower  half  were 
an  immense  number  of  pins,  of  a  purple-black  colour,  not  corroded,  varied  in  size,  all  bent  or 
broken,  many  very  pointed.  The  pyloric  half  of  the  stomach  presented  a  remarkably 
thickened  condition  of  the  villous  coat,  being  highly  vascular,  and  raised  in  rugous  elevations 
like  the  stomach  of  an  ox.  The  weight  of  the  pins  contained  in  the  stomach  was  nine  ounces. 
An  incision  made  into  the  duodenum  displayed  a  mass  of  pins  very  tightly  packed,  of  various 
shapes,  similar  to  those  found  in  the  stomach,  and  wholly  obstructing  the  tube.  These  weighed 
a  pound,  as  nearly  as  could  be  ascertained.' 

The  author  was  requested  by  Dr.  Blakely  Brown  to  examine  the  body  of  a  young  woman, 
aged  18,  who  had  suffered  from  pain  about  a  tumour  in  the  epigastric  region,  and  had 
frequently  vomited  after  meals.  She  subsequently  became  sickly  ;  and  she  appeared  childish 
for  her  age.  After  a  severe  attack  of  vomiting,  and  much  pain  about  the  tumour,  she  became 
collapsed  and  died. 


912 


INJURIES  OF  THE  ABDOMEN". 


The  cavity  of  the  peritonaeum  contained  several  ounces  of  purulent  serum,  and  the  general 
surface  of  the  intestines  afforded  evidence  of  recent  peritonitis.  On  opening  the  stomach  a 
large  mass  of  hair  and  string,  matted  compactly  together,  was  found  occupying  the  greater 
portion  of  the  cavity,  and  moulded  to  the  shape  of  the  stomach  :  a  narrowed  piece  projected 
into  the  pyloric  end.  The  hairs  were  long  and  black,  and  were  matted  together  with  pieces 
of  string  and  particles  of  food.  The  mass  measured  when  dry  six  inches  in  length,  three  and 
three-quarters  in  depth,  and  two  and  a  half  across,  but  was  much  larger  when  first  removed 
from  the  body.  Another  mass  occupied  the  lower  portion  of  the  duodenum  and  commence- 
ment of  the  jejunum.  This  portion  of  the  bowel  was  considerably  dilated.  This  second 
mass  consisted  of  a  smaller  quantity  of  hair  than  that  removed  from  the  stomach,  but  of  a 
larger  proportion  of  string.  The  mass  was  fourteen  inches  in  length,  two  and  a  half  in  depth, 
and  two  and  a  quarter  broad  in  the  thickest  part.  The  specimens  are  contained  in  the 
Museum  of  St.  George's  Hospital.1 

In  the  fifth  volume  of  the  '  Transactions  of  the  Pathological  Society'  is  the  record  of  a 
ca.se  bv  Dr.  Bucknill,  in  which  a  man,  aged  22,  subject  to  epilepsy  and  maniacal  excite- 
ment, died  from  the  effects  of  peritonitis.  'There  was  found  a  perforation  of  the  stomach, 
larger  than  a  shilling,  situated  at  the  small  curvature  of  the  stomach,  with  dark-coloured  and 
ragged  edges.  The  peritonaeum  was  in  a  state  of  universal  inflammation.  On  opening  the 
stomach,  there  was  found  a  mass,  about  four  pounds  in  weight,  composed  entirely  of  cocoa- 
nut  fibre,  with  bits  of  string,  &c.  The  mucous  membrane  was  healthy,  except  at  the  seat 
of  ulceration.' 

Mr.  Poland  has  recorded  in  his  'Prize  Essay'  the  following  case:  Jas.  P.,  aged  23, 
a  lunatic,  confessed  to  his  attendant  to  having  swallowed  the  handles  of  two  iron 
spoons.  On  examination,  apparently  in  the  stomach,  there  was  felt  a  body  of  the  size  of  a 
small  egg,  and  upon  deeper  pressure  the  sensation  of  friction  between  foreign  bodies  was 
elicited.  The  man  subsequently  appears  to  have  made  some  vague  statements  of  having 
repeatedly  swallowed  spoon- handles,  sand,  and  pebbles.  He  made  little  complaint,  but  stated 
that  he  often  suffered  from  severe  pain.  He  vomited  occasionally.  One  day,  about  three 
months  after  his  first  confession  to  the  attendant,  the  patient  was  seized  with  sudden  severe 
pain  in  the  abdomen,  which  continued  to  increase  through  the  night ;  and  from  the  effects  of 
this  attack  he  died  the  following  morning.  _ 

The  cavity  of  the  abdomen  was  filled  with  dark  greenish  fluid  and  much  recent  lymph. 
The  stomach  was  lying  in  the  left  hypochondriac  region,  in  rather  a  vertical  position,  and 
was  much  contracted.  About  an  inch  and  a  half  from  the  pylorus  there  was  a  perforation 
on  the  anterior  surface  of  the  duodenum  of  the  size  of  a  swan-quill.  On  laying  open  the 
stomach  and  duodenum,  '  a  mass  of  iron^spoon  handles  and  nails  and  other  articles  were  seen 
closely  packed  together.'  There  were  thirty-one  entire  spoon-handles  about  five  inches  long, 
four  half  handles,  nine  nails,  half  an  iron  heei  of  a  shoe,  one  screw,  four  pebbles,  and  one  button  ; 
the  weight  of  the  whole  mass  was  2  lbs.  8  ozs.  An  entire  spoon^handle  was  found  in  the 
duodenum,  with  the  flattened  extremity  towards  the  pylorus,  opposite  the  perforation. 

Of  all  the  remarkable  instances  on  record  of  a  large  number  of  foreign  bodies  being 
swallowed  intentionally,  there  is  none  to  equal  in  interest  one  recorded  by  Dr.  Marcet.  In 
this  case  a  sailor  swallowed  at  different  times  a  numher  of  clasp  knives,  some  thirty-seven  in 
all.  Some  of  these  he  passed  whole,  per  anum,  at  intervals ;  subsequently  he  passed  some 
fragments,  and  once  he  vomited  a  knife-handle.  A  short  time  before  his  death  a  portion  of 
one5 was  felt  fixed  across  the  rectum,  but  gave  so  much  pain  on  examination  that  it  could  not 
be  extracted.  He  lived  ten  years  after  having  swallowed  the  first  knife.  On  examination 
after  death  one  blade  wa=<  found  fixed  across  the  rectum,  with  one  extremity  projecting  into 
the  muscular  parietes  of  the  pelvis.  A  back  spring  of  a  knife  had  transfixed  the  descending 
colon  opposite  the  left  kidney,  and  projected  into  the  peritoneal  cavity  ;  the  spring  was  four 
inches  and  a  half  long.  In  the  stomach  there  were  between  thirty  and  forty  fragments  of 
knives.  For  the  further  particulars  of  this  case  we  must  refer  the  reader  to  Dr.  Marcet's 
interesting  report. - 

Foreign  bodies  which  pass  into  the  intestine  are  apt  to  be  obstructed  in  their 
progress  at  the  ileo-caecal  valve.  Such  is  frequently  the  case  with  small  bones, 
fruit-stones,  &c,  and  occasionally  the  mass  will  here  set  up  ulceration,  and  be  fol- 
lowed by  abscess  in  the  right  iliac  region.  The  common  result  of  such  an  abscess  is 
"eneral  peritonitis,  and  the  patient  often  soon  sinks  under  the  attack  ;  but  less  fre- 
quently the  abscess  opens  externally,  the  foreign  body  escapes,  or  is  removed,  and 
the  patient  recovers  after  a  severe  and  prolonged  illness.  Fruit-stones  are  apt 
to  become  lodged  in  the  appendix,  and  are  a  frequent  source  of  mischief.  Such 
stones  are  sometimes  carelessly  swallowed  with  fruit  in  large  numbers,  and  are 
occasionally  retained  in  the  intestines  for  many  months  without  inconvenience ; 
but  are  as  often  the  cause  of  much  irritation  and  even  troublesome  obstruction. 


1  For  case  and  drawing  see  Pathological  Transactions,  1851-52,  p.  327. 
-  Med.-Chir.  Trans,  vol.  xii.  p.  52. 
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Mr.  Clement,  of  Shrewsbury,  operated  on  a  patient  suffering-  from  obstruction  of  the 
bowels,  for  the  relief  of  wbicli  the  ascending  colon  was  opened.  The  patient  was  so  much 
relieved  by  the  operation,  that  at  the  end  of  six  weeks  she  wa«  able  to  walk  about.  About  a 
week  subsequent  to  this  period  she  was  seized  with  colicky  pains,  and  an  obstruction  occurred 
at  the  bottom  of  the  artificial  opening,  when  suddenly  a  hard  mass  was  shot  out  from  the  arti- 
ficial anus.  This  substance  '  was  found  to  consist  of  five  plum-stones  firmly  agglutinated  to 
each  other.  These  were  followed  by  sixteen  other  single  plum-stones,  and  afterwards  by  a  very 
copious  feculent  evacuation.  On  the  following  day  three  more  stones  found  an  exit, 
accompanied  by  two  small  bones.'  At  different  intervals  the  patient  continued  to  pass  plum- 
stones,  the  total  number  collected  previous  to  her  death  being  one  hundred  and  sixteen. 

Mr.  Clement's  account  of  the  post-mortem  conditions  are  highly  interesting.  '  The  caecum 
and  the  ascending  part  of  the  arch  of  the  colon  appeared  unusual  in  size,  until  it  was  suddenly 
cut  short  at  the  transverse  part  of  the  arch  by  the  intervention  of  the  most  rigid  stricture  I 
ever  felt.  If  a  piece  of  whipcord  had  been  firmly  tied  round  this  part  of  the  intestine,  the 
occlusion  would  not  have  been  more  complete  than  was  effected  by  this  organic  change. 
The  whole  remaining  portion  of  the  transverse  arch  of  the  colon,  its  descending  part,  and 
sigmoid  flexure,  were  collapsed,  and  formed  a  thin  flaccid  tube. 

'  The  stricture  itself  was  of  cartilaginous  hardness,  and  the  closure  of  the  canal  so  com- 
plete, that  it  would  not  admit  of  the  passage  even  of  a  bristle.  The  extent  of  the  stricture 
was  not  quite  an  inch,  of  a  white  pearly  appearance,  perfectly  smooth,  and  had  no  more 
apparent  vascularity  than  a  tendon.' 1  The  probability  is,  that  the  stricture  was  the  result 
of  effused  fibrine,  produced  by  the  local  irritation,  if  not  ulceration,  from  the  presence  of  the 
foreign  bodies. 

It  is  still  a  question  open  to  discussion,  and  rather  to  be  decided  by  future  experience, 
how  far  we  may  be  justified  in  opening  the  stomach  for  the  removal  of  a  foreign  mass. 
It  must  be  borne  in  mind  that  most  of  the  cases  in  which  a  foreign  body  is  retained 
in  the  stomach  terminate  fatally;  that  life  in  such  cases  is  limited  to  a  very  few  years, 
or  perhaps  months.  The  operation  of  opening  the  stomach  is,  on  the  other  hand,  a 
very  serious  one,  perhaps  the  most  serious  the  surgeon  can  undertake  ,  but  still  the 
cases  in  which  we  may  contemplate  the  operation  are  so  hopeless  without  surgical 
interference,  that  the  author  would  recommend  the  operation,  in  such  cases  as 
might  be  considered  inevitably  fatal  if  left  to  themselves.  Successful  cases  of  open- 
ing the  stomach  on  account  of  the  lodgment  of  a  foreign  body  in  the  stomach  are 
referred  to  in  the  essay  on  Injuries  of  the  Neck,  p.  799,  footnote. 

Foreign  bodies  which  penetrate  the  abdominal  wall  may  pass  into  the  intestinal 
canal,  or  remain  lodged  in  the  cavity  of  the  peritonaeum. 

Hennen  mentions  a  case  in  which  a  man  was  struck  by  a  musket-ball,  on  the  evening  of 
the  18th  June,  at  Waterloo.  The  ball  penetrated  the  abdomen  a  little  below  the  navel. 
The  principal  complaint  of  the  patient,  subsequent  to  the  receipt  of  the  wound,  was  incessant 
straining  to  stool ;  and  on  the  sixth  day  a  bullet,  enveloped  in  mucus,  was  passed  through 
the  rectum.  Ten  weeks  after  the  receipt  of  the  wound  the  man  passed  some  bits  of  cloth  by 
stool.  A  small  fistulous  opening  continued  for  a  short  time  in  the  seat  of  the  original  wound, 
and  when  this  had  entirely  closed,  there  was  a  slight  hernial  protrusion  at  th»  cicatrix.2 

Should  an  elongated  body  be  thrust  into  the  abdomen,  it  is  always  desirable  to 
remove  it  as  soon  as  possible.  The  difficulties  of  such  a  proceeding  will,  of  course, 
depend  as  much  on  the  size  and  shape  of  the  mass  as  upon  its  situation  ;  but  any 
difficulties  of  removal  should  not  weigh  with  the  surgeon  ;  for  if  the  mass  be  allowed 
to  remain  in  the  abdominal  wall  or  cavity,  more  serious  results  are  likely  to  ensue 
than  if  it  be  at  once  removed.  If  allowed  to  remain  in  the  cavity  without  an  effort 
being  made  to  remove  it,  mischief  of  a  serious  character  is  sure  to  be  set  up  within 
a  short  time,  and  repeated  attacks  of  peritonitis,  even  if  relieved  for  a  period,  will 
most  probably  recur,  and  sooner  or  later  terminate  fatally. 

The  accidental  passage  of  a  cedar  pencil  into  the  abdomen,  through  the  urethra  of  a 
female,  is  recorded  by  Mr.  Erichsen.  In  this  case  the  pencil  apparently  was  pushed  through 
'  the  posterior  wall  of  the  vagina,  passed  upwards  behind  the  bladder,  and  then  traversed 
the  peritoneal  cavity.  At  this  time  also  the  intestine  was  doubtless  perforated,  and  con- 
tinued transfixed  through  two  of  its  coils  until  the  time  of  extraction,  a  period  of  nearly  eight 


Vol.  I. 


1  Med.-Chir.  Trans,  vol.  xxxv.  p.  209. 
-  Hennen'a  Military  Surgery,  p.  408. 
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months.'  Repeated  attacks  of  peritonitis  occurred  after  the  accident.  The  patient  became 
much  debilitated,  and  subject  to  constant  vomiting.  From  the  examination  made  previous 
to  an  operation,  the  pencil  was  felt  to  be  lodged  on  the  outer  and  right  side  of  the  bladder, 
vagina,  and  rectum.  An  incision  was  made  through  the  abdominal  wall  over  the  point 
where  the  pencil  could  be  detected,  and  it  was  removed  without  difficulty.  The  surface  of 
the  pencil  was  stained  in  places  by  the  intestinal  contents.  The  pencil  was  five  inches  long, 
and  was  cut  at  one  end  to  a  sharp  point,  which  was  still  perfect.  The  patient  only  survived 
the  operation  four  days.1 

If  a  foreign  body  can  be  distinctly  felt  in  the  cavity  of  the  abdomen,  having  pene- 
trated any  portion  of  the  walls,  the  advantages  of  early  removal  will  consist  in  getting 
rid  of  an  irritating  mass,  in  securing  a  better  prospect  of  arresting  peritonitis,  and, 
should  the  intestine  be  wounded,  in  establishing  a  more  certain  escape  for  its  con- 
tents through  the  external  wound.  If  the  mass  be  not  removed,  the  repeated  attacks 
of  peritonitis  will  greatly  emaciate  and  reduce  the  patient,  agglutinate  the  convolu- 
tions of  intestines  together,  and  very  much  complicate  matters  in  any  future  attempt 
to  relieve  the  patient  by  operation. 

In  conclusion,  the  author  would  urge  the  importance  of  early  action,  when  oper- 
ative interference  is  indicated  or  offers  a  prospect  of  prolonging  life,  in  all  cases  in 
which  intestinal  obstruction  is  the  cause  of  threatened  danger.  He  believes  that, 
in  many  instances,  an  operation  for  the  relief  of  obstruction  is  not  successful  in  con- 
sequence of  being  performed  too  late — that  is  to  say,  after  peritonitis  has  commenced. 
He  believes  that  the  wound  of  the  peritonaeum,  necessary  in  many  operations  for 
the  relief  of  obstruction,  is  a  minor  evil ;  that  it  is  not  the  operation  or  its  effects 
that  destroy  life ;  but  that  when  a  patient  suffering  from  obstruction  dies  after  opera- 
tion, death  is  more  probably  the  result  of  peritonitis  produced  by  the  obstruction, 
than  to  be  attributed  to  the  effects  of  the  knife. 

George  Pollock. 


1  Med.-Chir.  Trans,  vol.  xxxix.  p.  15. 
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THE  relative  situation  of  the  pelvis  to  the  rest  of  the  body,  the  manner  in  which 
it  is  enveloped  by  muscles,  the  great  strength  of  the  bones  themselves,  the  pecu- 
liar nature  of  their  articulations  and  bonds  of  union,  and  the  almost  circular  figure 
which  results  from  this  construction,  are  circumstances  which  concur,  individually 
and  collectively,  to  resist  the  effects  of  external  violence.  However,  whilst  the 
bones  constitute  a  means  of  protection  for  the  contents  of  the  cavity,  they  some- 
times become  the  secondary  agents  in  the  infliction  of  considerable  mischief, 
for  fatal  injuries  are  sometimes  produced  by  their  fragments  perforating  the  pelvic 
viscera. 

The  arrangement  of  the  subject  is  as  follows  : 

I.  Contusions  involving  the  soft  parts  in  contact  with  the  outside  of  the  pelvis. 

II.  Fractures  and  dislocations  of  the  bones  forming  the  pelvis. 

III.  Injuries  of  those  organs  in  relation  with  the  pelvis  which  are  connected 
with  the  functions, 

A,  of  Micturition ; 

B,  of  Generation,  male  and  female  ; 
0,  of  Defalcation. 

I.  Contusion  of  the  soft  parts  covering  some  portion  of  the  pelvic  bones  is  of 
frequent  occurrence.  Thus,  a  railway  labourer  often  receives  a  squeeze  between  the 
buffers  of  two  railway  carriages.  The  result  is  more  or  less  bruising  of  the  soft 
tissues,  and  the  laceration  of  smaller  or  larger  blood-vessels,  which,  in  some  in- 
stances, gives  rise  to  a  large  extravasation  of  blood.  I  have  seen  nearly  the  whole 
of  the  integuments  detached  from  the  external  surface  of  the  glutaei  muscles  and 
fascia,  without  any  sign  of  a  scratch  on  the  skin.  Blood  had  been  effused,  and  a 
large  swelling  was  the  result.  Around  the  swelling  ecchymosis  appeared  a  few 
days  after  the  infliction  of  the  injury.  After  repose  and  the  local  application  of 
stimulating  lotions,  the  blood  became  absorbed.  Large  swellings,  the  result  of  the 
effusion  of  blood,  occasionally  arise  after  kicks  from  a  man  or  beast,  the  soft  parts 
being  well  placed,  between  the  iron  boot-toe  or  shoe  and  the  dorsum  of  the  ilium,  to 
receive  the  full  influence  of  such  force.  In  these  injuries,  the  blood  is  extravasated 
beneath  the  gluteal  fascia,  and  forms  a  circumscribed  swelling,  over  which  the  fluctua- 
tion of  its  fluid  contents  is  distinctly  perceptible.  Ecchymosis  does  not  appear  around 
the  swelling,  even  after  the  lapse  of  several  days  from  the  receipt  of  the  injury. 
Under  these  circumstances  the  collection  of  blood  might  be  mistaken  for  an  abscess, 
if  the  history  of  the  case  be  not  carefully  ascertained.  The  nature  of  the  swelling 
may  be  diagnosticated,  however,  by  learning  that  it  appeared  soon  after  the  receipt 
of  a  blow;  that  no  pain,  before  the  kick  was  received,  preceded  its  formation ;  and 
that  its  development  had  not  been  attended  with  any  constitutional  disturbance. 

Contusions  of  an  apparently  trifling  nature,  at  first  sight,  may  yet  be  attended 
with  appalling  results.  Thus,  a  delicate,  strumous,  badly-nourished  boy  receives 
a  kick  on  the  posterior  pelvic  region,  whilst  at  play,  the  primary  effects  being 
merely  a  local  tenderness  or  stiffness.  But  in  a  few  days  intense  constitutional 
disturbance  may  arise,  and  death  ensue  from  disease  of  the  membranes  of  the  spinal 
cord. 

3  n  2 
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II.  Dislocations  and  Fractures  of  the  Bones  forming  the  Pelvis. 

Injuries  of  the  pelvic  bones  and  joints  are  usually  severe.  They  are  attended 
with  more  or  less  risk  to  life,  which  does  not  ensue  solely  from  the  damage  done  to 
the  bones  themselves,  but  arises  from  the  contents  of  the  region  being  involved  in 
the  mischief. 

It  would  be  idle  to  write  a  systematic  description  of  the  dislocations  and  fractures 
of  each  pelvic  bone  separately,  since  fracture  and  dislocation  occur  so  frequently  in 

Figs.  134  and  135. — Views  of  a  preparation  (No.  2,915a)  in  the  Museum  of  the  Royal 
College  of  Surgeons.  A  Pelvis,  the  right  side  of  which  has  been  extensively  fractured 
in  several  places  and  the  fragments  reunited ;  from  a  man  aged  61,  who  fell  from  a  height 
upon  some  stones,  August  12,  1845.  After  recovering  from  the  effects  of  the  fracture, 
and  being  able  to  limp  about  with  the  aid  of  a  stick,  the  right  leg  shorter  than  the  left, 
he  was  seized,  on  December  3,  with  symptoms  of  typhus  fever,  and  died  December  8. 
See  '  British  American  Journal  of  the  Medical  Sciences,'  September  1849.  Also  '  Ran- 
kings Abstract,'  vol.  x.  p.  171.  (Presented  by  Sir  George  Duncan  Gibb,  Bart.,  M.D., 
Feb.  1868.) 

Fig.  134. 


combination,  and  as  the  effect  of  the  same  amount  of  violence  inflicted  on  the 
patient.  Indeed,  as  the  pelvic  bones  are  united  together  by  interarticular  fibro-car- 
tilage,  as  well  as  ligaments,  a  solution  of  continuity  between  their  articulating 
surfaces  differs  widely  from  the  displacement  of  the  articular  extremities  of  the  long 
bones  which  compose  diarthroolial  joints.  Hence  it  happens  that  very  great  violence 
is  required  to  sever  the  union  between  the  pelvic  bones,  and  the  same  degree  of 


FRACTURED  PELVIS. 


917 


foi'ce  may  produce  a  solution  of  continuity  of  the  osseous  texture  in  preference. 
Even  in  those  cases  in  which  the  greatest  amount  of  dislocation  is  effected,  as,  for 
example,  of  the  os  innominatum  from  the  sacrum,  the  borders  or  edges  of  the  arti- 
cular surfaces  of  either  one  bone  or  the  other,  or  even  of  both  bones,  are  frequently 
broken  off.  This  fact,  incontestably  demonstrated  by  preparations  in  every  anato- 
mical museum,  renders  it  extremely  difficrxlt  to  decide  during  life  whether  the  case 
be  one  of  fracture  simply  or  a  combination  of  the  two  injuries.  The  only  movable 
articulation,  to  be  noticed  in  this  essay,  in  which  articular  cartilage  and  a  synovial 
capsule  exist,  is  that  between  the  sacrum  and  coccyx  ;  and  to  a  description  of  the 
dislocation  of  the  latter  bone  a  few  lines  will  be  devoted 

The  massive  strength  of  the  pelvic  bones  of  the  adult  skeleton  and  the  capability 
of  resisting  violence  enjoyed  by  the  tissues  which  unite  them  together,  combine  to 
neutralise  the  effects  of  the  application  of  ordinary  force,  which  in  bones  constituted 
with  less  strength  would  give  rise  to  a  solution  of  continuity  in  the  osseous  texture. 
Extensive  fractures  are,  however,  occasionally  repaired.  There  is  a  pelvis  in  the 
Museum  of  the  Royal  College  of  Surgeons  demonstrating  this  fact  (No.  2,915a). 
The  effect  of  a  moderate  degree  of  direct  violence  is  to  break  off  the  more  salient 
parts  of  the  bones.  Thus,  a  man  receives  a  kick  upon  the  ilium  from  another 
person,  or  from  a  horse,  by  which  a  fragment  is  broken  off  from  its  crest.  The 


Figs.  13G  and  137. — Two  views  of  Fracture  of  the  Pelvis  referred  to  on  p.  918. 
^Museum  lioyal  College  of  Surgeons,  No.  2,915). 

Fig.  136.  Fig.  137. 


anterior  superior  spinous  process  of  the  ilium  is  not  unfrequently  separated  from  the 
crest  of  the  bone  in  this  manner.  But  in  children  the  passage  of  a  heavy  body  over 
the  pelvic  region  often  produces  fracture.  A  preparation  in  the  Museum  of  the 
Royal  College  of  Surgeons  (No.  488,  Catal.  vol.  ii.  p.  59)  shows  that  nearly  the 
whole  extent  of  the  os  pubis  may  perish  and  become  separated.  The  sufferer  was  a 
girl  five  years  old,  and  her  recovery  was  complete. 

The  greatest  amount  of  injury,  however,  is  inflicted  by  heavy  crushing  weights 
passing  over  the  pelvis,  or  by  falls  from  great  heights  on  to  very  hard  substances. 
By  such  violence  the  bones  may  not  only  be  broken  and  disjointed,  but  the  impor- 
tant organs  within  the  region  may  also  be  injured  by  fragments  of  bone  perforating 
their  tissues. 

The  diagnosis  of  simple  fractures  of  the  pelvic  bones  is  usually  unattended  with 
difficulty.  Unless  there  be  much  contusion,  or  a  large  extravasation  of  blood  over 
the  injured  bone,  the  crepitus,  arising  from  the  movable  fragment  rubbing  against 
the  fixed  bone,  is  easily  felt. 

The  treatment  consists  in  enjoining  absolute  rest,  and  the  application  of  a 
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bandage  in  such  a  manner  as  to  prevent  the  movement  of  the  piece  of  bone  which 
has  been  broken  off. 

The  os  innominatum  may  be  broken  into  fragments  by  the  head  of  the  femur 
being  violently  driven  against  the  acetabulum. 

A  few  cases  of  this  injury  are  recorded.  One  is  related  by  Sir  Astley  Cooper  in  the  first 
part  of  his  '  Surgical  Essays/  p.  51,  and  Plate  II.,  fig.  6.  A  preparation  in  the  Museum  of 
the  lloyal  College  of  Surgeons  beautifully  illustrates  the  nature  of  this  injury,  and  the 
reparation  which  may  take  place.  (Figs.  136  and  137  ).  The  details  of  the  case  are  re- 
corded by  Mr.  Earle,  in  the  nineteenth  volume  of  the  '  Medico-Chirurgical  Transactions.' 
It  appears  from  the  preparation,  that  the  lines  of  fracture  diverging  from  the  acetabulum 
have  followed  the  track  of  the  union  of  the  three  separate  portions  of  which  the  foetal  bone 
was  composed. 

Mr.  Moore  has  given  the  history  of  a  case  of  repaired  fracture  of  the  pelvis  from  this 
cause  in  the  '  Medico-Chirurgical  Transactions,'  vol.  xxxiv.  p.  107.  The  case  is  of  such 
great  interest,  that  one  of  the  woodcuts  illustrating  that  paper  is  here  introduced,  by  per- 
mission of  the  Council  of  the  Society.    (Fig.  138.) 

Injuries  of  this  kind  may  be  mistaken  for  dislocations  of  the  head  of  the  femur,  or 
fracture  of  its  neck.    They  are  usually  accompanied  with  more  or  less  deformity 

Fig.  138.— Old  Injury  of  the  Pelvis — the  Head  of  the  Femur  driven  through  the 
Acetabulum.    (From  '  Med.-Chir.  Trans.'  vol.  xxxiv.) 


about  the  hip,  and  pain  on  any  movement  of  the  hip-joint.  The  sensation  of 
crepitus,  when  the  lower  extremity  is  moved,  seems  to  be  diagnostic,  however,  of 
the  nature  of  the  injury. 

Portions  of  the  brim  or  border  of  the  acetabulum  are  occasionally  chipped  off. 
In  this  injury  the  deformity  which  results  simulates  that  of  dislocation  of  the  head 
of  the  femur ;  for  partial  displacement  of  the  head  of  that  bone  sometimes  accompanies 
the  injury.  The  departure  from  the  normal  outline  of  the  region,  with  the  existence 
of  the  crepitus  of  fracture,  may  assist  to  establish  the  diagnosis. 

In  a  paper  by  Mr.  Benjamin  Travers,  which  was  read  before  the  Medico- Chirur- 
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gical  Society  in  1854,  he  has  given  an  account  of  two  cases  which  he  assumes  to  be 
illustrative  of  the  fact  of  a  fissure  or  crack  passing  through  the  acetabulum,  without 
displacement,  or  any  other  primary  sign  of  the  nature  of  the  injury  which  can  be 
relied  upon.  The  very  acute  pain  produced  by  pressure  upon  the  projecting  spine  of 
the  os  pubis,  and  the  inability  of  the  patient  to  maintain  the  erect  posture  imme- 
diately after  the  infliction  of  a  blow  or  fall  which  produces  the  mischief,  he  considers 
diagnostic  of  the  injury.  There  is  little  or  no  swelling  and  the  limb  may  be 
cautiously  handled,  and  gently  rotated,  without  producing  much  complaint  on  the 
part  of  the  patient,  being  recumbent,  which  posture  he  is  forced  to  observe  for  many 
weeks.  At  first  the  limbs  are  of  equal  length ;  butwhenthe  patient  recovers,  the  injured 
limb  is  found  to  be  permanently  shortened.  Mr.  Travel's  believes  there  is  reason  to 
suppose,  that  in  these  accidents  certain  changes  occur,  secondarily,  in  the  head  of  the 
femur,  that  it  undergoes  a  change  in  shape,  the  articular  cartilage  is  absorbed,  and 
eburnation  ensues.  The  subject  certainly  requires  further  investigation ;  and  this 
short  allusion  to  it  is  introduced  in  the  hope  that  it  may  lead  to  more  extended 
inquiries.1 

The  coccyx  can  be  broken,  or  dislocated  from  its  articulation  with  the  sacrum, 
by  the  application  of  direct  force.  The  injury  may  be  produced  by  a  kick  or  a  fall  on 
to  any  projecting  hard  body.  It  is  stated  that  this  bone  is  sometimes  broken  in  the 
effort  of  parturition. 

Great  pain  at  the  end  of  the  sacrum  and  in  the  immediate  region  of  the  injured 
part,  increased  by  the  act  of  walking,  or  in  the  performance  of  defalcation,  induces 
the  injured  person  to  seek  relief.  If  the  bane  be  broken,  the  sensation  of  crepitus 
would  be  sufficient  to  indicate  the  injury.  If,  upon  passing  the  finger  into  the 
rectum,  and  when  feeling  the  anterior  surface  of  the  lower  extremity  of  the  sacrum, 
an  unusual  projection  be  felt,  with  mobility  of  the  coccyx  and  no  crepitus,  it  would 
indicate  that,  probably,  the  coccyx  was  dislocated  either  forwards  or  backwards. 
The  one  variety  could  be  distinguished  from  the  other  by  ascertaining  which  of  the 
two  bones  formed  the  prominence  on  the  anterior  aspect  of  the  sacrum.  If  the 
projection  is  formed  by  the  base  of  the  coccyx,  this  bone  would  be  dislocated  for- 
wards. But  if  the  end  of  the  sacrum  produces  the  prominence,  the  coccyx  must 
have  been  displaced  backwards. 

In  the  treatment  of  fracture,  absolute  rest  is  required.  The  reduction  of  the 
dislocation  may  be  effected  by  pressure.  With  the  index-finger  introduced  into  the 
rectum,  whilst  the  patient  is  under  the  influence  of  chloroform,  the  bone  may  possibly 
be  brought  into  its  normal  relations  with  the  sacrum  ;  after  which  perfect  rest  must 
be  enjoined. 

III.  (A.)  Injuries  of  the  Organs  of  Micturition. 

a.  Injuries  of  the  urinary  bladder. — A  solution  of  continuity  of  the  "(tissues  of 
the  bladder  may  be  caused 

1.  By  direct  violence, 

a.  Without  fracture  of  the  pelvis ;  produced  by  the  passage  of  a  wheel  over 

the  hypogastric  region,  by  kicks,  falls,  and  perhaps  by  violent  contraction 
of  the  abdominal  muscles. 

b.  With  fracture  of  the  pelvic  bones,  the  fragments  of  which  have  not  injured 

the  bladder ;  produced  by  the  same  causes  as  before  stated. 

2.  By  foreign  bodies  penetrating  its  walls, 

a.  Through  the  abdominal  parietes ;  produced  by  projectiles  from  fire-arms, 

bayonet  or  sword  thrusts,  and  other  cutting  instruments,  as  a  trocar  in 
paracentesis  abdominis,  or  in  paracentesis  of  the  viscus  itself  for  relief  of 
retention  of  urine. 

b.  From  the  rectum  ;  produced  by  bougies,  stakes  of  wood  or  iron,  a  trocar,  &c. 

c.  Introduced  along  the  urethra;  produced  by  knives,  sounds,  catheters,  or 

lithotrites. 

1  See  also  Further  Obse?-vations  in  Surgery,  by  B.  Travers,  8vo.    London,  1860. 
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(/.  From  the  vagina,  during  instrumental  parturition. 
e.  By  fragments  of  broken  pelvic  bones. 

3.  By  accumulation  of  urinary  secretion, 

a.  In  the  fcetus ;  in  consequence  of  imperforate  urethra. 

h.  In  the  adult ;  in  consequence  of  an  impediment  to  the  passage  of  the  urine 
along  the  urethra. 

1.  Ruptured  or  burst  urinary  bladder. — The  tissues  composing  the  urinary 
bladder  may  be  torn  or  lacerated  by  external  violence,  without  the  abdominal  walls 
showing  any  signs  of  the  mischief.  This  injury  may  be  inflicted  when  they  are  in  a 
perfectly  health}-  condition ;  but  the  details  of  the  cases  prove  that  it  only  occurs 
when  the  bladder  is  distended  with  urine.  Under  ordinary  circumstances,  the 
anterior  walls  of  the  pelvis  and  the  strong  recti  muscles  protect  this  viscus  from  the 
effects  of  direct  violence ;  but  when  it  is  distended  with  secretion,  and  the  tension 
of  the  abdominal  muscles  is  relaxed  under  the  influence  of  inebriation,  that  part 
of  the  bladder  which  is  in  relation  with  the  urachus,  the  anterior  abdominal  walls, 
and  the  peritoneal  membrane,  becomes  unusually  exposed  and  liable  to  be  torn. 

Morbid  anatomy  teaches  that  the  rent  may  pursue  a  vertical,  transverse,  or 
oblique  course.  In  the  majority  of  instances,  the  aperture  has  been  found  to  extend 
from  the  attachment  of  the  urachus  through  the  posterior  wall  of  the  organ,  in- 
volving not  only  the  proper  tissues  of  the  viscus,  but  its  peritoneal  covering  as  well. 
Under  these  circumstances,  this  great  serous  sac  is  wounded,  and  the  urine  escapes 
from  the  bladder  into  the  cavity  of  the  peritonaeum.  In  some  rare  examples,  the 
anterior  wall  of  the  bladder  only  has  been  torn,  and  the  urine  then  becomes  ex- 
travasated  into  the  connective  tissue  of  the  pelvis. 

The  records  of  above  fifty  examples  of  this  injury  show  that,  with  the  exception 
of  three,  all  the  cases  terminated  fatally.  Of  the  three  cases  which  recovered  from 
the  injury,  in  one  only  the  symptoms  were  those  of  extravasation  of  urine  into  the 
peritonaeum  ;  1  in  another  the  extravasation  was  into  the  pelvic  connective  tissue, 
and  this  was  complicated  with  fracture  of  the  pelvis; 2  and  the  third  was  of  the  same 
nature,  but  without  that  complication.3 

In  the  majority  of  cases,  the  injury  was  produced  by  direct  violence,  such  as  a 
kick  above  the  pubes,  the  passage  of  a  cart-wheel  over  the  hypogastric  region,  or  the 
fall  of  an  antagonist  on  to  the  same  part.  The  injured  person  was  generally  drunk, 
the  bladder  distended,  and  the  signs  of  the  injury  in  nearly  all  cases  were  imme- 
diately manifested.  In  rare  instances,  patients  have  passed  a  few  hours  alter  the 
accident  in  comparative  freedom  from  urgent  symptoms,  but  they  were  men  who 
were  drunk  at  the  time,  and  probably  too  anwsthetically  intoxicated  to  be  conscious 
of  their  condition.  In  a  very  few  cases,  the  bladder  was  torn  without  any  evidence 
of  direct  local  violence.  But  these  patients  are  said  to  have  fallen  upon  their  backs 
from  a  height,  or  down  a  flight  of  stairs. 

The  immediate  and  prominent  symptoms  of  this  injury  are,  intense  pain  in  the 
abdomen,  rapidly  followed  by  collapse,  and  urgent  desire  to  pass  urine,  with  repeated 
but  ineffectual  attempts  to  void  any.  The  patent  sometimes  dies  at  this  stage.  But, 
if  reaction  takes  place,  all  the  well-known  symptoms  of  peritonitis  rapidly  supervene, 
and  a  fatal  result  is  sure  to  ensue,  if  this  disease  be  not  arrested.  The  variety  of 
peritonitis  may  or  may  not  be  of  the  most  sthenic  kind  ;  that  is,  after  death  plastic 
effusions  are  not  always  to  be  found  uniting  the  abdominal  viscera  together,  or 
forming  large  masses  of  lymph.  But  that  kind  of  peritonitis  is  developed  which  is 
co  nmonly  associated  with  the  most  fatal  results.  An  abundant  sero-purulent 
effusion  exists,  of  an  unorganisable  character,  which  bathes  the  abdominal  viscera; 
and,  in  a  few  cases,  it  appears  that  fluid  such  as  that  above  described  has  been  drawn 
off'  by  the  catheter  when  introduced  along  the  urethra  and  through  the  rent  in  the 

1  Mr.  Chaldeeott's  patient ;  Prov.  Med.  and  Stir;/.  Journ.  1846,  p.  333. 

-  Porter's  patient;  the  case  related  by  F.  liliynd,  Path,  and  Pract.  Observations  on 
Strictures,  Sec.  *vo.  Irs40,  p.  48. 

3  Mr.  Syme's  patient ;  Contributions  to  the  Path,  and  Pract.  of  Sitrt/eri/,  8vo.  1848, 
p.  U.j2.    Possibly  Dr.  Thorp's  case  should  be  added  to  those  of  recovery ;  see  p.  022. 
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bladder.  After  the  first  urgent  symptoms  have  passed  off,  the  case  becomes  one  of 
local  peritonitis,  and  the  usual  train  of  phenomena  characterising  that  malady  appear 
in  succession;  the  only  indications  of  the  injury,  in  addition  to  those  of  peritonitis, 
being  the  immediate  effects  referable  to  the  viscus  injured.  Thus,  the  sufferer 
continues  to  evince  a  constant  desire  to  micturate,  and  a  few  drops  occasionally  pass 
from  the  urethra,  as  the  result  of  his  efforts.  Most  commonly,  however,  not  a  drop 
is  voided.  Urgent  tenesmus  is  another  most  distressing  symptom,  and  by  the 
repeated  straining,  but  ineffectual  attempts  to  deftecate,  a  little  urine  may  be  ex- 
pelled. From  this  continued  desire  to  empty  the  bladder,  and  failure  in  voiding 
urine,  the  surgeon  is  induced  to  pass  a  catheter.  As  no  impediment  to  the  intro- 
duction of  the  instrument  exists,  and  as  perhaps  but  an  ounce  or  two  of  urine  flows 
through  the  tube,  the  catheter  is  pushed  further  into  the  pelvis,  and,  without  doubt, 
as  some  of  the  recorded  cases  demonstrate,  through  the  laceration  in  the  posterior 
w&ll  of  the  bladder  into  the  peritoneal  cavity.  The  result  has  been  to  draw  off  a 
very  large  quantity  of  fluid,  in  one  instance  '  between  five  and  six  pints ; '  a  quantity 
of  urine  which  it  is  difficult  to  believe  a  ruptured  bladder  could  contain.  Yet  the 
fluid  is  stated  to  have  appeared  clear  and  normal.  In  some  cases,  the  fluid  drawn 
off  by  the  catheter  has  had  a  little  blood  mixed  with  it,  just  enough  to  give  it  a  slight 
tinge  of  red.  Mr.  Willett  states  that  the  stream  was  observed  to  flow  with  marked 
interruptions  as  the  patient  breathed. 

This  injury  must  be  treated  like  peritonitis.  Suitable  treatment  should  be  adopted 
to  prevent  dilatation  of  the  bladder  by  an  accumulation  of  urine,  to  obviate  the  necessity 
for  the  patient  voiding  it,  and  to  guard  against  the  possibility  of  repeated  escape  of  the 
secretion  through  the  laceration  in  the  peritonaeum.  The  case  can  only  be  regarded 
in  this  light  from  the  first  moment  of  the  accident.  For  that  the  extravasation  of 
urine  into  the  peritonaeum  must  excite  inflammation  of  the  serous  membrane  can 
never  be  for  a  moment  doubted.  Post  mortem  examination  of  the  cases  sufficiently 
attests  the  fact.  The  primary  effects  in  the  immediate  neighbourhood' of  the  injured 
viscus  are  seen  in  the  firm  union  of  the  serous  surfaces,  and  in  effusions  of  plastic 
lymph  which  completely  shut  off  the  pelvic  region  from  the  larger  portion  of  the 
great  peritoneal  sac.  All  treatment  must  be  subservient  to  that  which  is  capable 
of  arresting  or  controlling  peritonitis.  None  can,  therefore,  so  much  conduce  to  the 
salvation  of  life  as  that  which  effectually  limits  the  primary  influence  of  the  irritat- 
ing fluid  to  the  pelvic  region.  The  plan  of  treatment  commonly  adopted  in  cases  of 
acute  peritonitis  must  therefore  be  rigidly  carried  out  in  this  injury.  Upon  opium, 
and  its  effects  upon  the  constitution,  our  chief  reliance  must  be  placed.  The  patient 
should  be  brought  under  the  influence  of  opium  as  quickly  as  possible.  A  full  dose 
of  tinctura  opii  or  liquor  opii  sedativus,  in  a  little  camphor-julep,  must  be  adminis- 
tered, and  repeated  at  short  intervals,  if  the  abdominal  pain  continues.  As  soon  as 
the  pain  subsides,  the  quantity  of  opium  may  be  diminished,  but  if  the  pain  in- 
creases, more  opium  is  required.  Food  of  every  kind  should  be  withheld  for  twenty- 
four  or  even  forty-eight  hours  after  the  infliction  of  the  injury,  and  then  only  just 
sufficient  to  sustain  life  allowed.  A  safe  guide  to  the  supply  of  food  is  indicated  by 
the  wants  of  the  sufferer,  and  unless  the  desire  for  nourishment  is  expressed,  it  is 
better  to  withhold  it  until  the  necessity  is  pointed  out  by  nature.  Small  pieces  of  ice 
placed  in  the  mouth,  to  allay  the  distressing  thirst,  may  be  permitted  to  the  patient 
ad  libitum.  The  external  surface  of  the  body  must  be  kept  as  warm  as  possible, 
and  every  measure  adopted  to  promote  cutaneous  perspiration.  The  abstraction  of 
blood  by  means  of  leeches  applied  over  the  region  of  the  injury,  may  in  some  cases 
be  desirable,  but  usually  the  attendant  prostration  scarcely  admits  of  their  employ- 
ment. Cutaneous  local  counter-irritation  is  beneficial,  and  warmth  and  moisture 
applied  over  the  abdomen  favour  the  functions  of  the  skin. 

The  conservation  of  the  urinary  bladder  in  a  state  of  complete  contraction  and 
repose  is  one  most  essential  step  towards  the  healing  of  the  wound  in  its  walls.  The 
surgeon  should  remember  that  the  secretion  of  urine  would  be  lessened,  and  the 
quantity,  perhaps,  become  very  small  indeed,  as  generally  occurs  in  collapse  and 
psritonitis.    Very  little  necsssity,  therefore,  exists  for  the  repeated  introduction  of 
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instruments,  in  order  to  empty  the  bladder,  during  the  first  twenty -four,  or  even 
forty-eight  hours,  after  the  injury.  A  perusal  of  the  recorded  cases  of  this  injury 
will  not  fail  to  impress  the  reader  with  the  apparent  want  of  caution  displayed  in 
the  introduction  of  catheters  beyond  the  neck  of  the  bladder,  also  of  the  danger  which 
must  accrue  when  a  metallic  catheter  is  pushed  far  into  the  cavity  of  the  organ, 
because  so  small  a  quantity  of  urine  passes  through  it  when  it  is  really  in  the  bladder 
and  only  there.  Will  an  anatomist  believe  that  a  ruptured  bladder  can  contain 
'  between  five  and  six  pints '  of  urine,  or  a  physiologist  that  this  quantity  would  be 
secreted  in  about  forty  hours,  whilst  the  patient  was  suffering  from  peritonitis,  the 
result  of  extravasation  of  urine  into  the  peritoneal  cavity  1  The  inference,  with  the 
majority  of  readers,  would  be,  that  the  catheter  had  passed  through  the  rent  in  the 
viscus,  and  removed  the  serous  effusion  together  with  the  extravasated  urine  from 
the  peritonaeum.  The  chief  point,  therefore,  with  the  surgeon  must  be  to  maintain 
the  contracted  state  of  the  bladder,  because  in  this  condition  the  edges  of  the  rent 
remain  in  close  approximation.  And  for  another  reason  too.  In  a  hollow  viscus, 
constructed  as  the  urinary  bladder,  the  mucous  membrane  holds  a  somewhat  variable 
position  to  the  other  tissues  of  which  the  organ  is  composed.  The  loose  attachments 
of  this  membrane  admit  of  a  variation  in  its  relations  to  that  tissue,  with  which  it 
is  in  immediate  connection,  during  the  opposite  conditions  of  extreme  distension  and 
contraction.  So  that  when  all  the  coats  are  torn  through,  in  a  line  perfectly  corre- 
sponding at  the  moment  of  extreme  repletion,  the  non-contractile  mucous  coat  might 
overlie  the  aperture  in  the  other  tunics,  when  the  viscus  is  empty,  and  thus  form  a 
plug  or  valve  to  assist  in  preventing  the  further  escape  of  urine  through  the  lacera- 
tion. And,  furthermore,  the  rent  would  assume  very  different  proportions  or 
dimensions  in  a  dilated  and  contracted  state  of  the  organ. 

In  order,  therefore,  to  guard  the  patient  against  any  injury  which  may  arise 
from  the  catheter  being  pushed  through  the  lacerated  opening  in  the  bladder,  a  large 
flexible  instrument  should  be  used,  which  has  an  opening  at  the  extreme  point,  and 
not  at  the  sides  near  the  end,  as  the  catheter  in  ordinary  use  has.  The  flow  of  half 
an  ounce  of  urine,  or  even  less,  through  such  an  instr  ument,  is  sufficient  to  satisfy 
the  operator  that  the  bladder  contains  no  more.  The  surgeon  must  satisfy  himself 
upon  physiological  principles  regarding  the  quantity  of  urine  drawn  off,  and  not 
calculate  upon  a  very  abundant  secretion.  Should  the  catheter  be  secur  ed  in  the 
urethra  ?  If  its  point  could  be  fixed  just  within  the  orifice  of  the  bladder,  the  urine 
as  secreted  would  drop  from  the  open  end,  and  all  danger  of  its  entering  the  perito- 
neal cavity  would  be  thus  avoided.  But  if  there  be  any  risk  of  introducing  it  too 
far,  or  of  leaving  it  even  in  the  rent,  it  is  clear  that  the  repeated  introduction  of  the 
instrument  is  preferable.  The  reply  to  this  query  must  then,  I  think,  be  submitted 
to  the  judgment  of  the  surgeon.  The  patient  must  not,  on  any  account,  be  allowed 
to  make  a  voluntary  effort  to  micturate;  and  the  use  of  the  catheter  should  be 
persisted  in  for  not  less  than  fourteen  days  after  the  receipt  of  the  injury. 

It  should  be  here  stated  that  many  surgeons  doubt  the  possibility  of  recovery 
after  rupture  of  the  bladder  and  its  peritoneal  covering,  that  is  to  say,  after  extrava- 
sation of  urine  into  the  peritoneal  cavity.  Headers  interested  in  this  subject  may 
refer  to  the  controversy  between  Dr.  Eben  Watson  1  and  Dr.  Gillespie 2  on  Mr. 
Chaldecott's  case.  A  paper  on  this  injury  by  Dr.  Harrison 3  is  of  great  interest. 
Recently,  Dr.  Thorp  4  has  published  a  case  '  in  which  the  peritoneal  sac  was  washed 
out  with  tepid  water  injected  through  the  rent  in  the  or  gan,'  ending  in  recovery  ! 
It  is  to  be  much  regretted  that  only  the  local  symptoms  of  the  injury  are  fully 
detailed.  We  vainly  search  in  the  account  of  the  first  two  days  after  the  injury  for 
those  constitutional  symptoms  of  extravasation  of  urine  into  the  peritonaeum  which 
are  so  constantly  present  after  that  occurrence.  This  omission  is  most  unfortunate, 
after  the  introductory  observations  which  precede  the  r  ecital  of  the  case. 

1  Edinburgh  Monthly  Journ.  1848;  the  vol.  for  1849;  and  the  Glasgow  Med.  Journ. 
1 850.  a  Edinburgh  Monthly' Journ.  1859. 

3  Dublin  Journ.  of  Med.  Sci.  1836,  vol.  ix.  p.  349. 

4  Dublin  Quart.  Journ.  18G8,  p.  3UG. 
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Since  the  publication  of  the  last  edition  of  this  4  System '  surgeons  have  proposed 
and  carried  out  a  more  active  treatment  of  this  injury.  Mr.  Holmes  suggested  that 
a  free  incision  should  he  made  into  the  abdomen,  the  bladder  drawn  up,  the  lacera- 
tion closed  by  means  of  sutures,  and  a  catheter  secured  in  the  bladder  to  obviate  any 
distension  of  the  viscus.    ('A  Treatise  on  Surgery,'  Lond.  1875,  p.  216.) 

Mr.  Alfred  Willett,  in  1876,  opened  the  abdomen  of  a  man  who  was  admitted  into 
St.  Bartholomew's  Hospital  suffering  from  well-marked  symptoms  of  rupture  of  the 
bladder,  brought  the  torn  edges  of  the  wound  '  easily  into  apposition  and  united 
them  by  eight  interrupted  sutures  of  fine  Chinese  silk.'  A  carbolised  drainage-tube 
was  secured  in  the  pelvis,  and  a  catheter  retained  in  the  bladder.  The  man  survived 
the  injury  about  fifty  hours,  sinking  as  usual  from  the  effects  of  peritonitis.  The  edges 
of  the  wound  in  the  bladder  were  adherent,  except  between  the  posterior  two  stitches. 
The  operation  was  performed  about  twenty-eight  hours  after  the  infliction  of  the 
injury.  At  the  conclusion  of  a  very  interesting  article,  Mr.  Willett  urges  the 
propriety  of  the  performance  of  the  operation  with  the  least  possible  delay.  ('  St. 
Bartholomew's  Hosp.  Repts.'  vol.  xii.  p.  209,  1876.) 

In  1878  Mr.  C.  Heath  performed  a  similar  operation  in  University  College 
Hospital,  about  forty-two  hours  after  the  receipt  of  the  injury,  and  five  hours  after 
admission  into  the  hospital.  '  The  rent  was  sown  up  by  a  continuous  catgut  suture 
firmly  tied  at  both  ends.'  A  catheter  was  passed  into  the  bladder  and  retained  there. 
The  man  survived  the  receipt  of  the  injury  six  days.  The  post-mortem  examination 
showed  all  the  signs  of  acute  peritonitis.  '  The  lower  third  of  the  rent  in  the  bladder 
was  gaping,  the  edges  of  the  rest  were  approximated  by  the  catgut  suture,  the  lower 
end  of  which  was  free  and  loose.'  (A  full  report  of  this  case,  with  observations,  will 
be  found  in  'Med.  Chir.  Trans.'  vol.  lxii.  p.  335,  Lond.  1879.) 

Mr.  Heath  quotes  from  '  Ranking's  Abstract,'  1862,  vol.  ii.,  the  case  of  a  man 
aged  26,  in  whom,  ten  hours  after  the  accident,  an  incision  was  made  in  the  linea 
alba,  and  a  sponge  introduced  into  the  peritoneal  cavity.  A  pint  of  urine  and  blood 
was  thus  mopped  out,  and  a  rent  two  inches  long  was  observed  in  the  base  of  the 
bladder.  The  bladder  was  left  to  itself,  and  the  catheter  used,  but  apparently  not 
tied  in.    The  patient  made  a  complete  recovery. 

In  the  suigical  treatment,  therefore,  of  these  almost  certainly  fatal  cases  the  sur- 
geon has  a  choice  of  the  following  methods  : — 

1.  To  pass  a  catheter  into  the  bladder,  to  retain  it  therein,  and  treat  the  case  as 
acute  peritonitis. 

2.  Having  passed  a  catheter,  to  wash  out  the  abdominal  cavity  with  warm  water 
keeping  a  catheter  in  the  bladder. 

3.  To  open  the  abdomen,  remove  the  extravasated  fluid,  and  keep  the  bladder 
contracted  by  retaining  a  catheter  therein. 

4.  To  open  the  abdomen  and,  having  removed  the  blood  and  extravasated  urine, 
to  adjust  the  edges  of  the  laceration  by  means  of  sutures. 

5.  To  drain  off  the  urine  by  incision  into  the  bladder  from  the  perinseum,  either 
in  the  line  of  the  raphe  or  laterally. 

The  first,  second,  and  third  methods  are  reported  to  have  been  successful  in  the 
cure  of  the  injury. 

The  fourth,  although  not  yet  successful,  is  justifiable,  and  if  the  operation  could 
be  performed  soon  after  the  infliction  of  the  injury,  there  seems  no  reasonable  ground  for 
rejecting  it. 

The  fifth  is  more  suitable  to  cases  of  laceration  of  the  anterior  wall  of  the  bladder. 

The  urinary  bladder  has  been  ruptured  by  the  same  local  cause  as  produced  a 
fracture  of  the  pelvis.  This  result  has  happened  without  the  fragments  of  the  bones 
inflicting  the  injury  to  the  viscus.  An  instance  of  this  injury  is  related  by  Mr. 
Partridge,  in  the  'Pathological  Transactions,'  vol.  v.  p.  194.  The  consequences  of 
these  injuries  are  usually  so  severe  that  the  prognosis  is  most  unfavourable.  The 
treatment  of  the  case  will  not  differ  from  that  before  described. 

2.  Foreign  bodies  may  inflict  injuries  on  the  urinary  bladder,  after  penetration  of 
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the  abdominal  walls ;  from  the  neighbouring  canals;  or  from  the  excretory  canal,  the 
urethra;  and,  lastly,  fragments  of  the  pelvic  bones  may  lacerate  or  penetrate  its  walls. 

Penetrating  wounds  of  the  abdominal  walls  produced  by  projectiles  from  fire- 
arms, bayonet  and  sword  thrusts,  nails,  spikes,  the  horns  of  animals,  or  surgical 
instruments,  may  extend  into  the  urinary  bladder.  Bullets  have  lodged  in  this 
viscus,  and  remained  in  its  cavity  sufficiently  long  to  become  covered  with  deposits 
from  the  urine.  Some  interesting  cases  are  related  by  Mr.  Guthrie,1  to  which,  and 
to  the  essays  on  Gunshot  Wounds  and  on  Injuries  of  the  Abdomen,  we  must 
refer  the  reader. 

Iron  or  wooden  stakes  which  have  entered  at  or  near  the  anus,  after  penetrating 
the  Avails  of  the  rectum,  may  perforate  the  urinary  bladder.  Injuries  of  this  kind 
are  on  record. 

A  very  singular  case  is  recorded  by  Mr.  Prescott  Hewett,  in  which  the  rectum  and 
urinary  bladder  were  transfixed  by  the  patient  falling  upon  the  broken  leg  of  a  chair.  Death 
resulted  in  this  case  from  peritonitis,  arising  from  extravasation  of  urine  into  the  peritoneal 
cavity.2  But  a  case  has  been  described  to  me  by  my  friend  Mr.  Buee,  of  Slough,  in  which 
recovery  took  place.  A  man,  40  years  old,  whilst  at  play  with  a  companion,  was  pushed  off 
a  cartload  of  fagots,  and  fell  on  to  a  pointed  stake  which  had  been  driven  into  the  earth. 
This,  passing  through  the  anus,  transfixed  the  walls  of  the  rectum,  and  tore  the  posterior 
region  of  the  bladder  immediately  behind  the  prostate  gland.  The  index-finger  was  passed 
into  the  bladder  through  the  wound.  The  man  complained  of  intense  pain.  He  was  bled, 
and  a  full  dose  of  opium  administered.  Mustard  cataplasms  and  fomentations  were  applied 
over  the  abdomen.  He  was  kept  in  bed,  and  in  two  months  after  the  injury  the  urine  was 
voided  by  the  urethra. 

Sounds,  catheters,  and  lithotrites,  if  employed  without  due  care,  may  be  thrust 
through  the  walls  of  the  bladder.  Perforations  may  be  made  in  the  bladder  with 
catheters,  under  the  impression  that  the  patient  is  suffering  from  retention  of  the 
urine,  whilst  effusion  into  the  abdomen  is  the  real  cause  of  the  malady. 

M.  Velpeau  states  that  he  has  known  this  accident  to  occur  at  one  of  the  large  hospitals 
in  Paris.  The  patient  was  sounded,  and  no  urine  came  away ;  they  pushed  with  greater 
force,  and  a  very  large  quantity  of  serous  fluid  escaped.  This  was  a  case  of  ascites,  and  the 
instrument  had  penetrated  the  peritonamm.  M.  Velpeau  adds  :  '  I  was  sent  for  three  times 
in  1832  to  urgent  cases,  and  I  then  saw  how  very  easy  it  would  have  been  to  have  made  the 
mistake.  One  of  the  patients  had  not  passed  any  urine  for  four  days,  and  had  his  hypo- 
gastriuni  very  much  distended.  I  found  the  bladder  empty.  He  died  the  same  day,  in 
consequence  of  an  intestinal  rupture,  from  external  violence,  which  caused  the  effusion.'3 

In  the  use  of  instruments  during  parturition,  direct  injury  may  be  inflicted  on 
the  bladder ;  or  secondary  mischief  may  arise  by  violent  contusion  of  the  part, 
causing  extensive  sloughing.  And  if  care  be  not  observed  to  ascertain  whether  the 
bladder  is  distended,  the  passage  of  the  child's  head  in  labour  may  cause  it  to  burst. 
The  treatment,  however,  of  the  consequences  of  such  injuries,  will  be  described  in 
another  essay  (Surgical  Diseases  of  Women). 

Cases  are  on  record,  and  have  occurred  in  my  own  experience,  in  which  frag- 
ments of  the  pelvic  bones,  the  result  of  fracture,  have  penetrated  this  viscus,  causing 
a  fatal  issue  from  extravasation  of  urine. 

3.  The  urinary  bladder  is  sometimes  ruptured  by  an  accumulation  of  secretion. 
Cases  of  this  kind  are,  however,  very  rare.  The  injury  occurs  in  fetal  life  and  in 
the  adult. 

Mr.  Wilkinson  King  has  published  the  report  of  a  case  of  fetus  in  which  the 
bladder  was  burst  by  accumulated  urinary  secretion.  It  happened  in  consequence 
of  the  urethra  being  congenitally  impervious.4  Also,  cases  bearing  on  this  subject 
are  related  by  Dr.  Robert  Lee.5  In  the  Museum  of  the  Royal  College  of  Surgeons, 
there  is  a  preparation  (No.  1967)  of  '  the  bladder  of  a  woman  which  burst  near  the 
entrance  of  the  ureter,  in  consequence  of  neglected  retention  of  urine.'  See  Diseases 
of  the  Urinary  Organs. 

1  Commentaries  on  the  Surgery  of  the  War,  5th  ed.  1853,  p.  572  et  seq.  ;  also  Med.-Chir. 
Trans,  vol.  xxxiii.  pp.  197,  198. 

-  Trans  of  the  Path.  Soc.  of  London,  vol.  i.  p.  152. 

3  Velpeau,  Trait4  complet.  d Anat.  chir.  yen.  et  topograph,  du  Corps  humain. 

4  Guy's  Hosp.  Repts.  vol.  ii.  1837,  p,  508.      5  Med.-Chir.  Trans,  vol.  xix.  pp.  238  et  seq. 
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Dislocation  of  portions  of  the  urinary  bladder  forming  hernial  tumours  in  the 
scrotum  is  noticed  in  the  essay  on  Diseases  of  the  Urinary  Organs.  A  remark- 
able case  is  recorded  in  the  'Pathological  Transactions,'  vol.  iv.  p.  187,  illustrated 
by  woodcuts. 

Foreign  bodies  in  the  bladder.- — The  following  remarks  apply  to  foreign  bodies 
introduced  into  the  bladder  along  the  urethra. 

Portions  of  catheters  and  bougies,  metallic  or  flexible ;  pieces  of  straw,  of 
tobacco-pipe,  pen-holders,  hair-pins,  a  piece  of  French  chalk,  of  slate-peneil,  a 
bodkin  case ; — these  are  all  articles  which  have  been  removed  from  the  bladder  or 
urethra. 

If  the  foreign  body  remains  long  in  the  bladder,  it  generally  becomes  coated  with 
deposits  from  the  urine. 

In  1829  a  sailor  was  in  Guy's  Hospital,  under  the  care  of  Mr.  B.  B.  Cooper.  Three 
months  before,  a  portion  of  a  bougie  which  he  was  using  broke  off,  and  remained  in  the 
bladder.  After  many  ineffectual  attempts  to  remove  it  with  the  forceps  had  been  made,  Mr. 
Cooper  performed  the  usual  lateral  operation  of  lithotomy.  The  piece  of  bougie,  coated  with 
phosphates,  was  removed.  The  man,  however,  subsequently  sank  from  disease  of  the 
kidneys.  The  case  is  related  in  '  Guy's  Hospital  Reports/  1844,  p.  176,  and  the  piece  of 
bougie  is  in  the  hospital  museum. 

Catheters  made  of  gutta-percha  become  by  age  and  use  rather  brittle. 

A  man  was  admitted  into  Guy's  Hospital  under  my  care,  who,  after  having  used  an 
instrument  of  this  material  for  some  time,  broke  off  a  piece  of  the  end  as  he  was  removing 
it  from  the  bladder.  Pie  soon  felt  inconvenience  from  it ;  and  on  examination  it  was  easily 
felt  with  a  sound,  as  well  as  some  concretion  which  had  been  deposited  on  it.  I  introduced 
a  lithotrite,  and  succeeded  in  breaking  the  tube  in  pieces.  The  fragments  were  voided  with 
the  urine  by  the  ordinary  act  of  micturition,  and  the  patient  was  entirely  relieved  of  his 
difficulty. 

An  elderly  man,  who  had  been  in  the  habit  of  introducing  a  silver  catheter  and  retaining 
it  for  some  time,  when  in  bed  fell  asleep,  and  rolling  over,  broke  the  instrument.  About 
half  was  withdrawn,  leaving  the  remainder  partly  in  the  bladder  and  partly  in  the  urethra. 
I  introduced  a  long  pair  of  forceps  by  the  urethra,  and  fixing  the  catheter  by  pressure  in  the 
peritonaeum,  was  able  to  grasp  the  tube  and  extract  it.  Fortunately  the  broken  end  of  the 
metal  was  rather  rough  and  slightly  bent  at  the  site  of  fracture,  which  afforded  a  good  hold 
for  the  forceps. 

Mr.  II.  Norris  sent  to  Sir  Astley  Cooper  a  number  of  calculi  formed  upon  a  piece  of 
straw.  The  patient  from  whom  they  were  removed  had  been  in  the  habit  of  introducing  a 
tube  of  this  material  to  empty  his  bladder.3 

In  the  Museum  of  Guy's  Hospital  there  is  the  section  of  a  large  calculus,  the  nucleus  of 
which  consists  of  a  portion  of  tobacco-pipe.  Sir  Astley  Cooper  used  to  relate  a  case  in  which 
the  nucleus  was  a  silver  toothpick.4 

A  man  entered  Guy's  Hospital,  under  my  care,  who  had  passed  the  wooden  handle  of  a 
magnum-bonum  steel-pen  into  his  urethra  and  bladder,  with  the  view  to  stir  up  some  sedi- 
ment which  he  believed  to  be  therein.  Many  attempts  were  made  with  differently-shaped 
forceps  to  extract  it.  None  of  them  held  it  sufficiently  firmly  to  allow  it  to  be  pulled  from 
under  the  pubic  arch.  Its  end  was  distinctly  felt  through  the  walls  of  the  urethra  in  front 
of  the  scrotum.  It  was  necessary  to  open  this  canal  at  that  point,  and  then  it  was  easily 
removed.    The  wound  healed  quickly. 

Incised  wounds  of  the  urethra  and  corpus  spongiosum  urethrse  heal  very  quickly, 
and  experience  has  shown  that  the  removal  of  bodies  impacted  in  the  urethra  is 
accomplished  with  less  injury  to  the  canal  by  external  incision  than  by  subjecting 
the  patient  to  the  risk  of  lacerating  the  tissues  by  the  use  of  forceps,  and  the  pressure 
exerted  by  the  foreign  body  to  be  removed. 

The  direction  of  all  incisions  should  be  parallel  with  the  long  axis  of  the  urethra  ; 
the  opening  in  the  integuments  should  be  larger  than  in  the  corpus  spongosium, 
and  that  in  the  last  structure  longer  than  in  the  sub-mucous  tissues  and  mucous 
membrane.  The  edges  of  the  wound  are  on  no  account  to  be  brought  together  with 
sutures,  but  it  should  be  allowed  to  heal  by  granulation.  There  is  no  necessity  for 
the  introduction  of  a  catheter. 


1  A  relation  of  the  case,  and  a  drawing  of  the  stones,  is  given  in  the  Guys  Hosp.  Septs. 
1840,  p.  241.  2  Guy's  Hasp.  Eepts.  1837,  p.  273. 
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An  application  was  made  to  the  late  Mr.  Avery  to  remove  from  a  man's  urethra  a  two- 
pronged  wire  hair-pin,  such  as  ladies  employ  to  arrange  their  hair.  The  patient  had  intro- 
duced it  with  the  bent  end  foremost,  and  when  he  let  go  of  the  pointed  ends  they  sprang 
apart,  and  became  impacted  in  the  walls  of  the  urethra  at  some  distance  from  its  orifice. 
Mr.  Avery  introduced  a  metallic  tube  into  the  urethra,  pressed  the  points  of  the  pin  together, 
and  conducted  them  into  the  tube,  where  they  became  fixed  ;  both  the  tube  aud  pin  were 
then  easily  withdrawn. 

But  the  strangest  thing  to  introduce  into  this  canal  was  a  piece  of  French  chalk,  scraped 
to  a  convenient  size  and  shape.  At  its  middle,  one  end  of  a  piece  of  string  was  tied,  and  to 
the  other  end  of  the  string  the  half  of  a  common  shoe-horn.  The  man  actually  came  into 
Guy's  Hospital  with  this  dangling  from  his  penis.   Mr.  Thomas  Callaway  removed  the  chalk. 

Women  occasionally  introduce  foreign  bodies  into  the  bladder.  The  comparative 
shortness  of  the  urethra  enables  the  surgeon  to  remove  them  with  greater  facility 
than  in  the  male  sex.  The  operation  may  be  accomplished  after  dilatation  of  the 
canal,  when  attempts  made  before  have  failed.1  Mr.  Steel  removed  from  the  bladder 
of  a  girl  a  bone  bodkin-case,  with  a  piece  of  thread  tied  around  its  middle.2 

Foreign  bodies  occasionally  pass  from  the  urethra,  the  entrance  of  which  into  the 
canal  is  not  always  explicable. 

An  interesting  case  of  this  kind  was  one  in  which  the  substance  seemed  to  be  a  fish-bone, 
which  was  voided  by  a  patient  who  was  under  the  observation  of  Mr.  B.  Cooper.  It  is  re- 
recorded in  '  Guy's  Hospital  Reports,'  1841,  p.  189.  Mr.  Alfred  Roberts,  of  Sydney,  sent  to 
Guy's  Hospital  Museum  a  piece  of  slate-pencil  which  had  been  removed  from  the  bladder, 
and  which,  as  that  gentleman  states,  is  proved  to  have  entered  the  bladder  from  a  neigh- 
bouring viscus. 

The  presence  of  a  foreign  body  in  the  bladder  having  been  detected,  it  must  be 
removed.  In  the  female  this  may  be  accomplished  by  dilating  the  meatus,  and 
mnking  use  of  forceps  especially  adapted  to  seize  and  retain  the  body.  It  may  per- 
haps be  broken  with  a  lithotrite.  In  the  male  the  length  of  the  urethra  precludes 
the  hope  cf  extracting  a  foreign  body  from  the  bladder  by  means  of  forceps  intro- 
duced alor.g  the  canal ;  but  it  may  be  crushed  with  a  lithotrite,  and  the  fragments 
afterwards  expelled.  If  this  cannot  be  done,  an  incision  may  be  made  in  the  centre 
of  the  perinamm,  the  urethra  opened,  and  the  extraneous  body  removed  by  dilating 
the  prostatic  portion  of  the  canal ;  or  the  usual  operation  of  opening  the  bladder,  as 
in  the  lateral  operation  for  lithotomy,  can  be  performed. 

Injuries  of  the  urethra. — 1.  Simple  incised  wounds  of  the  urethra  readily  heal 
when  longitudinal.  Such  wounds  are  dangerous  in  proportion  to  their  depth,  as 
regards  their  direction,  and  the  tissues  which  may  be  implicated  in  the  injury. 

A  man,  52  years  old,  was  admitted  into  Guy's  Hospital,  under  my  care,  in  1855,  who  had 
fallen  upon  a  chisel  a  few  days  before  admission.  This  instrument  had  inflicted  a  wound  at 
the  back  part  of  the  scrotum,  and  cut  into  the  urethra.  When  admitted,  the  tissues  of  the 
scrotum,  penis,  perinasum,  and  hypogastric  region  of  the  abdomen  were  infiltrated  with 
urine,  and  the  integuments  gangrenous  in  several  points.  Free  incisions  were  made  into  the 
connective  tissue  of  the  regions  involved  in  the  disease  ;  but,  in  spite  of  the  liberal  adminis- 
tration of  stimuli  and  opium,  he  became  delirious,  and  died  within  a  fortnight  after  the 
receipt  of  the  injury.  The  rule  in  all  like  cases  is  to  prevent  the  infiltration  of  the  tissues 
with  urine  ;  and  therefore  there  can  be  no  objection  to  enlarge  the  external  wound,  if  there 
be  the  slightest  reason  to  fear  that  this  secretion  may  become  extravasated.  The  man 
whose  case  is  related  above  died  from  the  effects  of  extravasation  of  urine,  namely,  gangrene, 
and  had  he  sooner  applied  for  relief,  it  is  quite  possible  he  might  have  lived. 

Contused  and  lacerated  wounds  of  the  urethra.- — Injuries  incidental  to  the  female 
urethra  are  rare.  It  is  so  short  and  so  well  protected  by  the  surrounding  parts,  that 
contusions  which  would  cause  laceration  of  this  canal  in  the  male,  generally  produce 
their  influence  on  the  vagina  or  a  part  of  the  vulva.  It  is  liable  to  injury  in  the 
treatment  of  difficult  parturition,  the  effects  of  which  are  shown  in  the  existence  of 
fistulous  communications  between  this  canal  and  the  vagina.  The  treatment  of  such 
cases  is  described  in  another  part  of  this  work  (Surgical  Diseases  of  Women). 

1  See  Med.-CMr.  Trans,  vols.  viii.  and  xii.  ;  two  papers  bv  Sir  Astley  Cooper. 

2  Guy's  Hosp.  liepts.  1853,  p.  31b'. 
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But  the  urethra  of  the  male  is  often  lacerated,  at  any  age,  especially  in  boyhood 
or  youth.  The  injury  is  produced  by  violently  striking  the  perinseum  in  falling 
astride  a  firm  resisting  body,  such  as  the  top  rail  of  an  iron  or  wooden  fence,  the 
back  of  a  chair,  the  sharp  edge  or  corner  of  a  box,  or  of  any  hard  body,  in  fact, 
which  just  fits  the  'crutch 'or  perineal  region.  The  urethra  is  unfortunately  so 
placed  as  to  receive  the  full  violence  of  such  a  blow.  For,  between  the  pubic  arch 
above  and  the  resisting  body  below,  it  is  violently  driven  against  the  former,  and 
becomes  torn  transversely.  It  may  even  be  completely  severed.  In- this  case  the 
continuity  of  the  mucous  membrane  is  destroyed,  and  if  the  surrounding  parts  be 
much  detached  from  their  fascial  connections,  the  two  torn  extremities  of  the  urethra 
lie  widely  apart  from  one  another.  The  portion  of  the  canal  most  frequently  torn  in 
this  manner  is  that  which  is  placed  in  relation  to  the  deep  perineal  fascia,  and  the 
rent  may  be  anterior  or  posterior  to  this  structure.  The  greatest  risk  to  life  attends 
the  last  variety  ;  for  if  extravasation  of  urine  takes  place  into  the  connective  tissue 
of  the  pelvis,  the  danger  of  intrapelvic  suppuration  and  peritonitis  is  imminent. 

The  simplest  form  of  injury  to  the  urethra  very  often  happens  to  boys,  who  in 
climbing  over  railings  fall  astride  the  topmost  bar.  A  little  blood  flows  from  the 
urethra,  as  the  immediate  result  of  the  injury  ;  and,  after  the  lapse  of  a  few  hours, 
the  scrotum  becomes  ecchymosed  and  swollen.  The  urine  voided  by  the  efforts  of 
the  patient  soon  after  the  receipt  of  the  injury  is  sometimes  bloodless,  or  but  slightly 
tinged  with  blood.  Its  contact  with  the  abraded  surface  gives  pain,  and,  in  conse- 
quence, the  child  is  averse  to  repeat  the  effort.  In  course  of  time,  however,  he  is 
impelled  by  an  urgent  desire  to  empty  the  bladder.  Such  attempts  being  fruitless, 
a  surgeon  is  called,  and  his  assistance  is  required  to  relieve  the  bladder  of  its  contents. 
1  The  retention  of  urine  is  caused  partly  by  the  effusion  of  blood  into  the  cells  of  the 
corpus  spongiosum  urethra?  and  surrounding  tissues,  and  partly  by  inflammatory 
effusion  in  the  immediate  neighbourhood  of  the  wounded  mucous  membrane.  Great 
caution,  care,  and  gentleness  are  required  in  the  introduction  of  an  instrument.  It 
should  be,  at  first,  a  flexible  catheter  without  the  stilette.  Failing  to  introduce  this, 
the  stilette  may  be  inserted  ;  and  if  the  obstacle  be  still  insuperable,  a  metallic 
catheter  must  be  employed.  The  introduction  of  the  instrument  is  sometimes  facili 
tated  by  gently  pressing  the  point  against  the  superior  wall  of  the  urethra.  A 
catheter  should  not  be  secured  in  the  bladder,  for  when  this  is  done,  the  urine  creeps 
along  the  canal,  by  the  sides  of  the  instrument,  and  becomes  extravasated  into  the 
tissues  about  the  site  of  the  laceration.  Besides,  the  presence  of  the  instrument 
stretches  the  urethra,  and  tends  to  keep  the  divided  tissues  apart.  Warm  fomenta- 
tions or  evaporating  lotions  should  be  apulied  to  the  contused  regions.  If  there  be 
continued  haemorrhage,  the  local  application  of  ice  is  indicated. 

The  following  case  is  a  good  illustration  of  the  symptoms,  the  treatment,  and  its  happy 
results,  of  a  contused  wound  of  the  urethra.  A.  man,  38  years  old,  fell  astride  the  back  of  a 
chair,  and  very  soon  afterwards  passed  blood  from  the  urethra.  Five  hours  after  the  receipt 
of  the  injury  he  was  admitted  into  Guy's  Hospital.  The  bladder  was  distended,  blood  flowed 
from  the  urethra,  and  he  was  suffering  much  from  local  pain.  I  introduced  a  large  flexible 
catheter,  through  which  the  urine  flowed  freely  without  blood.  This  was  secured  to  the 
penis,  and  allowed  to  remain  in  the  bladder  the  three  succeeding  days.  The  catheter  was 
then  withdrawn,  as  the  urine  could  not  pass  through  it ;  but  I  was  unable  to  introduce 
another.  The  instruments  seemed  to  run  behind  the  prostate  gland.  As  the  man  could  not 
void  urine,  I  incised  the  perinseum  along  the  line  of  the  raphe.  This  region  contained  much 
extravasated  blood,  and  the  urine  flowed  freely  from  the  wound.  Everything  proceeded 
satisfactorily  until  the  sixth  day  after  the  operation,  when  profuse  haemorrhage  occurred. 
It  was  arrested  by  applying  cold  and  pressure.  At  the  end  of  a  month  after  the  injury  the 
perineal  wound  was  entirely  closed,  and  all  the  urine  voided  by  the  urethra.  When  he  left 
the  hospital  there  was  no  contraction  of  the  urethra,  for  I  could  pass  a  large  metallic  sound 
without  causing  any  pain. 

The  most  extensive  injury  to  the  urethra  and  surrounding  parts  may  exist 
without  there  being  any  indications  in  the  perineal  region  for  some  time  after  the 
accident. 

A  young  man  was  brought  into  the  hospital  who  had  fallen  astride  one  of  the  coupling 
hooks  of  a  railway  carriage.    A  few  hours  after  the  accident  the  perinseum  showed  no  signs 
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of  injury,  and  a  little  blood  only  passed  per  urethram.  He  desired  to  micturate;  made  an 
attempt  to  empty  the  bladder,  but  failed  to  pass  a  drop  of  urine.  I  introduced  a  flexible 
catheter  without  difficulty,  and  drew  off  an  ordinary  amount  of  urine  tinged  with  blood. 
I  withdrew  the  catheter,  surmising  that  no  impediment  would  subsequently  arise  to  prevent 
the  introduction  of  an  instrument.  However,  greatly  to  my  disappointment,  the  next  time 
the  patient  desired  to  micturate  he  was  unable  to  pass  a  drop  of  urine,  and  a  catheter  could 
not  be  introduced  into  the  bladder,  During  the  interval  which  had  now  elapsed  since  the 
introduction  of  the  catheter,  the  integuments  of  the  perinaeurn  and  scrotum  bad  become 
ecchymosed,  swollen,  and  painful  on  pressure.  An  incision  was  made  through  the  integu- 
ments along  the  whole  extent  of  the  raphe,  and  the  severity  of  the  injury  was  at  once 
detected  by  gentle  examination  with  the  finger.  The  tissues,  covered  by  the  integuments, 
were  extensively  torn,  the  prostate  gland  could  be  felt ;  but  as  a  very  large  quantity  of  ex- 
travasated  blood  filled  the  perinaeum,  the  wound  of  the  urethra  was  not  discoverable.  Soon 
after  tjie  perinaeum  had  been  incised  the  urine  escaped  at  the  wound,  suppuration  was  estab- 
lished, and  cicatrisation  proceeded  favourably.  The  man  was  able  to  pass  water  from  the 
urethra  in  a  very  good  stream.  After  a  time,  however,  the  cicatrix  of  the  urethra  con- 
tracted, and  a  phosphatic  calculus  formed  in  the  bladder.  This  was  extracted  by  the  lateral 
operation  ;  the  wound  healed  favourably,  and  the  man  passed  water  in  a  verv  good  stream 
when  I  last  saw  him.  In  this  case,  it  is  not  probable  that  the  urethra  was  completely  divided 
transversely. 

The  following  case  is  one  of  complete  transverse  division  of  the  urethra  in  the  perinaeum. 
A  boy,  14  years  old,  was  brought  into  Guy's  Hospital  in  January  1850.  The  penis, scrotum, 
perinaeurn,  and  hypogastric  region  were  black  with  effused  blood.  Retention  of  urine  had 
existed  many  hours,  and  the  distended  bladder  could  be  felt,  as  high  as  the  umbilicus.  This 
injury  had  been  produced  by  a  fall  astride  a  rail.  There  was  not  even  a  scratch  on  the  in- 
teguments anywhere.  Of  course,  an  attempt  was  made  to  pass  a  catheter,  but  it  could  not 
be  introduced  into  the  bladder.  I  therefore  made  an  incision  along  the  line  of  the  raphe,  and 
the  urine  soon  began  to  trickle  away ;  but  I  was  unable  to  discover  the  vesical  end  of  the 
urethra.  All  the  urine  passed  through  the  perineal  wound  for  some  weeks,  but,  by  degrees, 
through  the  whole  length  of  the  urethra.  Only  a  few  drops  escaped  by  a  fistulous  opening 
in  the  perinaeum.  After  unsuccessful  attempts  to  close  this,  I  divided  the  perinaeum  and 
urethra  upon  a  grooved  staff,  and  introduced  a  flexible  catheter,  in  the  hope  that  the  urethra 
might  be  established  by  healing  over  it.  In  this  I  was  disappointed;  and  the  boy  left  the 
hospital  with  the  urethra  contracted,  and  the  urine  passing  out  of  the  perineal  fistula.  He 
next  entered  another  metropolitan  hospital,  where  the  surgeon,  by  the  performance  of  an 
operation  similar  to  that  above  described,  succeeded  in  closing  the  fistula,  re-establishing 
the  urethra  and  keeping  it  pervious,  so  long  as  instruments  were  daily  employed  to  prevent 
contraction.  The  boy  left  the  hospital,  neglected  to  pass  the  bougie,  and  the  urethra  con- 
tracted. He  then  suffered  from  retention  of  urine;  a  No.  1  catheter  was  passed,  and  by- 
increasing  the  size  of  the  instrument  the  urethra  was  dilated.  Urinary  abscesses  were  sub- 
sequently formed  in  the  perinaeum,  fistulas  were  established,  and  to  cure  these  the  perinaeum 
was  divided  as  before.  This  wound  never  entirely  closed ;  he  was  again  admitted  into 
Guy's  Hospital,  sufiering  with  stricture  and  perineal  fistulae,  and  left  it  only  slightly  relieved. 
In  April  1869  he  again  came  under  my  care.  The  last  few  months  he  had  passed  in  great 
distress.  There  was  a  small  fistula  in  the  perinaeum,  through  which  he  voided  all  the  urine. 
I  could  not  pass  an  instrument  along  the  urethra  beyond  the  perinaeum.  The  canal  was 
quite  closed.  From  the  perineal  fistula  a  probe  readily  passed  into  the  bladder.  That  viscus 
was  inflamed,  and  his  constitutional  powers  were  very  low.  I  divided  the  perinaeum  in  the 
middle  line,  and  established  a  free  communication  with  the  anterior  division  of  the  urethra. 
In  due  time  this  operation  was  attended  with  complete  success,  and  the  man,  now  27  years 
old,  left  the  hospital  passing  urine  easily  through  the  whole  length  of  the  urethra,  but  with 
a  perineal  fistula. 

The  danger  to  life  resulting  from  extravasation  of  urine  into  the  pelvic  connective  tissue, 
as  a  consequence  of  rupture  of  the  urethra  and  laceration  of  the  surrounding  textures,  is 
illustrated  by  the  following  case.  It  also  demonstrates  the  ill  effects  arising  from  delay  in 
cutting  open  the  perinaeum,  as  well  as  from  plugging  the  part  with  sponge  to  arrest  haemor- 
rhage. 

A  healthy  man,  38  years  old,  fell  astride  a  chest,  and  struck  his  perinaeum  against  one 
of  its  corners  with  great  violence.  He  came  soon  after  to  the  hospital,  and  my  dresser 
passed  a  flexible  catheter  without  any  difficulty,  and  fastened  it  to  the  penis.  The  next  day, 
the  scrotum,  perinaeum,  and  penis  were  infiltrated  with  blood,  and  quite  black.  The  urine 
was  passed  freely  through  the  catheter.  The  following  day  the  catheter  became  filled  with 
coagula,  and  blood  passed  along  the  urethra  by  its  sides.  It  was  removed  forty-eight  hours 
after  the  infliction  of  the  injury,  and  as  the  urine  did  not  flow  away,  I  incised  the  perinaeum 
along  the  raphe\  The  coagulum  was  large,  and  the  haemorrhage  profuse.  The  urethra  was 
severely  torn,  and  the  finger  could  be  passed  deeply  as  far  as  the  prostate  gland  and  by  its 
side.  A  catheter  could  not  be  introduced  into  the  bladder.  The  haemorrhage  was  arrested 
by  the  local  application  of  cold,  and  a  piece  of  sponge  placed  in  the  wound.  The  next  day 
evidences  of  local  peritonitis  appeared;  pain  in  the  hypogastric  region,  shivering,  small  wiry 
pulse,  and  at  last  hiccough.  Opium  was  freely  administered ;  but  the  constitutional  dis- 
turbance increased,  the  wound  became  gangrenous,  and  the  man  expired  upon  the  eighth  day 


INJURIES  OF  THE  URETHRA. 


929 


after  the  receipt  of  the  injury.  The  decomposition  of  the  body  was  far  advanced  when  the 
post-mortem  examination  was  made,  and  no  well-marked  indications  of  peritonitis  or  of 
pelvic  suppuration  were  discernible.  Death  was,  however,  certainly  due  to  the  severe  con- 
stitutional excitement  caused  by  the  injury  and  its  consequences ;  and  if  sufficient  local 
evidence  of  the  fact  was  wanting-,  its  absence  must  be  attributed  to  the  cordition  of  Lhe  body 
at  the  time  the  necropsy  was  made.  Doubtless  the  man  died  from  constitutional  disturbance, 
caused  by  the  extravasation  of  urine  into  the  pelvic  subperitoneal  connective  tissue  ;  and  as 
regards  the  treatment  of  the  case,  the  question  is,  whether  it  would  not  have  been  better  to 
have  incised  the  perinreum  sooner  after  the  injury.  In  cases  of  this  nature  it  is  impossible  to 
judge  of  the  extent  of  the  mischief  in  all  of  them,  and  as  in  this  instance  the  catheter  was  in 
the  bladder,  and  the  urine  flowed  freely  through  it  for  thirty-six  hours,  I  did  not  consider 
the  operation  of  incising-  the  perinasuni  demanded  immediately  after  admission.  In  all  pro- 
bability the  extravasation  of  mine  was  extending,  in  consequence  of  the  fluid  escaping-  by 
the  sides  of  the  catheter ;  and  as  the  coagulum  was  quite  superficial,  just  beneath  the  integu- 
ments, the  urine  infiltrated  the  deeper-seated  tissues,  and  passed  behind  the  deep  perineal 
fascia,  which  was  lacerated.  I  should  not  again  make  use  of  a  sponge  and  plug-  to  restrain 
the  bleeding,  unless  a  catheter  could  be  retained  in  the  bladder;  for  I  think  it  partly 
assisted  in  preventing  the  escape  of  the  urine  with  the  freedom  so  desirable  in  these  cases. 
Local  pressure  with  the  linger  is  the  best  means  to  arrest  haemorrhage  from  this  region. 

The  local  treatment  in  all  cases  of  injury  to  the  urethra,  in  which  there  is  reason 
to  fear  that  extravasation  of  urine  may  take  place,  is  now  clearly  established.  It 
consists  in  making  an  incision  along  the  raphe  of  the  j>erinseum,  so  as  to  allow  the 
fluid  to  escape  with  the  utmost  facility.  Delay  in  the  performance  of  this  operation 
causes  imminent  risk  to  the  life  of  the  patient,  and  probably  an  aggravation  of  the 
local  mischief. 

I  have,  on  one  occasion  only,  used  a  suture  to  retain  the  divided  ends  of  the  urethra  in 
contact.  The  treatment  was  attended  with  the  most  successful  results.  A  very  healthy  boy, 
14  years  old,  was  kicked  on  the  perinieum  by  a  horse.  He  came  into  Guy's  Hospital  with 
retention  of  urine.  The  perineal  region  was  filled  with  blood,  and  I  was  unable  to  pass  a 
catheter.  1  divided  the  perinaeuin  in  its  middle  line,  and  after  clearing  away  the  coagula 
saw  the  divided  ends  of  the  urethra.  The  orifice  of  the  posterior  division  of  the  canal  was 
hanging  freely  in  the  wound,  having  been  detached  from  the  corpora  cavernosa.  With  a 
single  suture,  I  brought  the  ends  of  the  urethra  together,  passed  a  gum-elastic  catheter  into 
the  bladder,  and  fixed  it  there.  The  wound  healed  rapidly ;  not  the  least  contraction  has 
followed  the  cicatrisation,  although,  when  this  was  written,  three  years  had  elapsed  since  the 
accident  happened. 

The  constitutional  treatment  consists  in  supporting  the  powers  of  the  patient, 
and  in  administering  opium  if  there  be  much  local  tenderness,  especially  in  the 
hypogastric  region.  Should  symptoms  of  peritonitis  arise,  the  treatment  suitable  to 
arrest  that  malady  must  be  adopted. 

Injuries  of  the  urethra,  inflicted  from  its  mucous  surface,  frequently  result  from 
the  passage  of  foreign  bodies  along  this  canal.  In  this  category  must  be  classed  the 
lacerations  of  the  urethra  and  its  surrounding  textures,  by  the  forced  introduction 
of  sounds  and  catheters,  in  an  effort  made  to  reach  the  urinary  bladder.  The 
necessity  for  this  operation  arises  in  consequence  of  a  contraction  in  some  part  of  the 
calibre  of  the  excretory  tube.  When,  therefore,  the  urethra  is  wounded  in  front  of 
the  stricture  by  cathetei-ism,  the  direction  of  the  wound  is  from  its  orifice  on  the 
glans  penis  towards  the  urinary  bladder.  An  opening  more  or  less  valvular  is 
made,  and  extravasation  of  urine  does  not  commonly  take  place.  The  course  of  the 
wound,  or  '  false  passage 1  as  it  is  termed,  varies  much  in  length  and  in  its  relations 
to  the  surrounding  parts.  If  the  floor  of  the  urethra  be  perforated  a  little  behind 
the  bulb  of  the  corpus  spongiosum  urethrse,  the  wound  may  run  behind  the  prostate 
gland,  and  then  penetrate  the  neck  of  the  bladder.  If  the  point  escapes  through  the 
roof  of  the  urethra,  it  may  run  behind  the  pubes  and  enter  the  anterior  wall  of  the 
bladder.  If  it  escapes  from  the  urethra  in  front  of  the  stricture,  it  may  pass  by  it 
on  one  side  or  the  other,  and  entering  the  canal  again  posterior  to  the  constriction, 
a  twofold  perforation  of  its  walls  wrill  be  established.  In  these  cases  extravasation 
of  m  ine  will  be  almost  certain  to  ensue.  Many  of  the  cases  of  retention  of  urine 
admitted  into  the  hospitals  require  the  operation  of  puncture  of  the  bladder  from  the 
rectum,  in  consequence  of  the  existence  of  false  passages  resulting  from  unskilful 
attempts  made  to  pass  an  instrument  through  the  contracted  urethra.  Even  fatal 
haemorrhage  may  ensue  from  a  wound  of  the  urethra  thus  made. 
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A  surgeon  has  often  to  treat  these  inj  uries.  They  are  seen  at  two  stages  :  the 
first,  soon  after  the  false  passage  has  been  made,  when  the  patient  is  suffering  from 
retention  of  urine,  and  the  bladder  in  a  state  of  extreme  distension  filling  up  the 
pelvis.  What  is  to  be  done  1  Opium  in  full  doses  has  been  administered ;  the 
patient  has  been  placed  in  a  warm  bath,  perhaps  chloroform  has  been  inhaled  ;  two 
or  three,  or  even  more,  surgeons  have  failed  in  their  efforts  to  introduce  a  catheter  ; 
not  a  drop  of  urine  has  escaped  from  the  urethra,  but  only  some  blood.  Upon 
inquiry,  we  find  the  patient  has  been  the  subject  of  stricture  for  many  years,  and 
that  for  some  weeks  the  urine  has  only  dribbled  away,  and  at  times  but  a  few  drops 
could  be  voided.  To  delay  emptying  the  distended  bladder  is  now  no  longer  admis- 
sible, and  the  cries  and  entreaties  of  the  patient  to  be  relieved  compel  immediate 
proceedings.  One  more  attempt  is  made  to  introduce  a  catheter  into  the  bladder, 
and  although  different  sizes  are  selected,  and  the  utmost  dexterity  employed,  still  the 
point  of  the  instrument  will  run  into  the  false  passage,  and,  with  the  index-finger  in 
the  rectum,  it  may  be  felt  near  the  prostate  gland.  By  depressing  the  shaft  of  the 
cathetei-,  and  with  a  little  force,  at  the  same  time  directing  the  instrument  with  the 
index-finger  in  the  rectum,  it  may  be  made  to  enter  the  bladder.  The  urine  flows 
freely,  and  the  sufferer  is  at  once  relieved.  But  is  the  i-elief  permanent  ?  The 
bladder  is  empty  truly,  but  a  false  passage  is  established,  by  which  the  urine  sub- 
sequently escapes  into  the  connective  tissue  between  the  organs  of  the  pelvis ;  and 
the  case  becomes  one  of  extravasation  of  urine.  The  condition  of  the  patient  is  not, 
therefore,  improved  by  this  operation. 

Another  operation  by  which  the  distended  bladder  may  be  emptied  is  that  of 
making  an  incision  in  the  centre  of  the  perinaeum,  and  opening  the  urethra  from 
that  region  behind  the  stricture.  This  has  been  successfully  performed  in  several  cases. 

Two  other  operations  are  practicable.  1st,  to  introduce  a  trocar  and  cannula  from 
above  the  pubes  into  the  bladder  ;  2nd,  with  the  same  instruments  to  puncture  the 
bladder  from  the  rectum.  I  have  no  hesitation  in  strongly  recommending  the  last 
operation  ;  and  this  recommendation  is  founded  upon  the  observation  of  a  very  large 
number  of  most  successful  cases.  By  this  procedure,  extravasation  of  urine  will  be 
prevented.    The  details  of  the  operation  would  be  out  of  place  here. 

The  second  stage  is  that  of  extravasation  of  urine.  The  escape  of  this  fluid  does 
not  always  depend  upon  the  catheter  being  pushed  into  the  bladder,  but  may  arise 
in  consequence  of  the  urethra  bursting  posterior  to  the  constriction.  This  last  con- 
dition generally  depends  upon  a  morbid  state  of  the  canal  in  that  region,  set  up  by 
the  continued  pressure  of  the  retained  fluid,  by  which  the  tissues  are  inflamed,  and 
at  last  ulcerate  or  slough. 

The  treatment  of  cases  of  extravasation  of  urine  need  not  be  fully  detailed  here, 
especially  as  we  have  already  dwelt  upon  this  point  when  describing  lacerations  of 
the  urethra  causing  the  same  lamentable  consequences. 

A  curious  injury  of  the  mucous  membrane  and  submucous  connective  tissue  of 
the  urethra  occasionally  takes  place  during  the  occurrence  of  a  chordee.  The  patient 
feels  something  snap  about  two  or  three  inches  within  the  canal,  a  few  drops  of  blood 
escape,  and  considerable  tenderness  or  soreness  is  experienced  during  the  act  of  mic- 
turition for  a  few  days  afterwards.  The  mucous  membrane  has  been  torn.  The 
result  is  cicatrisation  ;  and  as  the  cicatrix  contracts,  a  hard  wiry  ring  remains,  which 
occasionally  establishes  a  stricture.  This  may  subsequently  require  treatment  by 
dilatation  or  incision. 

When  the  urethra  is  lacerated  in  the  prostatic  portion  of  its  course,  the  blood 
which  flows  from  the  wound  passes  backwards  into  the  bladder,  coagulates,  and  dis- 
tends the  organ.  Great  suffering  results;  constant  desire  exists  to  empty  the 
viscus,  and  ineffectual  attempts  are  made.  The  distended  bladder  may  be  easily  felt 
in  the  pubic  region,  and  although  a  catheter  is  passed,  the  size  of  the  distension  of 
the  bladder  is  not  diminished.  Perhaps  a  few  drops  of  blood  and  urine  flow  through 
the  instrument,  and  that  is  all.  Under  these  circumstances  the  viscus  may  be 
emptied  by  fixing  a  syringe  to  the  end  of  a  metallic  catheter,  which  should  be  first 
introduced  into  the  bladder.    It  is  always  advisable  to  make  use  of  a  larger  instru- 
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ment  than  that  with  which  the  injury  was  inflicted.  To  make  the  junction  of  the 
catheter  with  the  syringe  impermeable  to  air,  some  warmed  white-  or  bees-wax 
bhould  be  pressed  around  them  at  that  point.  Elevation  of  the  piston  slowly  and 
steadily  will  then  remove  all  the  coagulated  blood  from  the  bladder.  To  aid  the 
operation,  a  little  water  at  the  temperature  of  the  urine  may  be  injected. 


Foreign  Bodies  in  the  Urethra. 
The  reader  is  referred,  on  this  head,  to  the  essay  on  Calculus. 

(B.)  Injuries  of  the  Organs  of  Generation. 

Injuries  of  the  penis. — Contusions  and  wounds  of  this  organ  are  uncommon.  In 
contusions,  the  effused  blood  extends  freely  in  the  loose  subcutaneous  connective  tissue, 
and  produces  an  unusually  dark  purple  hue  in  the  part.  If  blood  be  effused  into  the 
cells  of  the  cavernous  bodies,  it  produces  a  remarkable  induration  at  the  seat  of 
injury,  and,  when  general,  permanent  priapism  for  many  days. 

Incised  and  lacerated  wounds  of  the  integuments  only  differ  from  those  of  other 
parts  in  consequence  of  the  loose  attachment  of  those  textures  to  the  fibrous  covering 
of  the  corpora  cavernosa.  When  the  wounds  are  large,  their  edges  become  widely 
separated,  so  much  so  in  some  cases  as  to  lead  to  the  belief  that  part  of  the  integu- 
ment is  entirely  removed. 

There  is  scarcely  any  region  of  the  body  in  which  the  edges  of  wounds  require  to 
be  so  carefully  adjusted  as  in  this.  Sutures  are  indispensable  to  their  treatment. 
Whether  the  wound  be  incised  or  lacerated,  the  edges  must  be  maintained  in  con- 
tact with  either  metallic  wire  or  silk  sutures,  and  dry  or  wet  lint  should  be  gently 
rolled  round  the  part  to  support  it. 

As  the  result  of  a  contusion  of  the  glans  penis,  I  have  seen  that  part  of  the  organ 
become  gangrenous. 

A  man,  79  years  old,  said  that  he  struck  the  glans  penis  in  a  fall.  It  became  sore,  in- 
flamed, and  subsequently  gangrene  attacked  it.  It  sloughed  off,  the  wound  soon  healed,  and 
he  passed  water  as  well  as  ever. 

Incised  wounds  of  the  prepuce  require  ligatures.  This  fold  of  integument  is 
sometimes  injured  in  coition,  and  the  result  is  more  or  less  inflammation,  giving 
rise  to  paraphimosis.  The  fraenum  prseputii  may  be  torn  by  the  same  act.  Haemor- 
rhage to  a  considerable  extent  occurs,  but  it  is  easily  controlled  by  cold  or  pressure. 

An  injury,  by  no  means  very  rare,  is  inflicted  by  children  who  tie  thread  or 
string  around  the  root  of  the  penis.    Becoming  frightened,  and  unable  to  remove 
the  _  ligature,  they  delay  to  speak         Fm  139._Kesuits  0f  old  Laceration  of  the 
of  it,  and  the  result  is,  at  first  Corpus  Spongiosum, 

congestion,  afterwards  inflamma- 
tion, and  at  last  ulceration  at  the 
site  of  the  ligature.  The  removal 
of  the  offending  cause  suffices  to 
place  the  parts  in  a  condition  to 
heal  quickly,  with  the  application 
of  water-dressing. 

The  following  singular  deformity, 
which  forms  the  subject  of  the  wood- 
cut, was  seen  in  Guy's  Hospital  in 
1867.  The  man  was  admitted  under 
the  care  of  Mr.  Hilton  for  another 
complaint.  The  details  are  from  notes 
taken  by  Mr.  Eastes,  then  Surgical 
Registrar.  W.  D.,  aged  50,  nineteen 
years  ago,  whilst  grooming  a  stallion, 
was  knocked  down  by  the  animal, 
knelt  upon,  and  bitten  on  the  thigh.  The  horse  taking  hold  with  his  teeth  of  the  trousers  and 
penis  of  the  man,  lifted  him  sufficiently  from  the  ground  to  enable  him  to  clutch  the  manger 
and  thereby  escape.    On  examination  of  the  penis  he  saw  something  projeotin"  from  the 
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urethra,  just  as  now  represented.  There  was  no  wound  on  the  penis,  but  a  little  blood 
flowed  from  the  eud  of  the  protrusion  and  from  the  ordinary  passage  by  its  side.  He  was 
confined  to  the  house  for  four  weeks.  The  woodcut  shows  a  cylindrical  body  (a)  projecting 
from  the  urethra.  It  was  pinkish,  soft  and  about  ^rd  of  an  inch  in  diameter  and  lj  inch 
long.  Its  end  was  rounded,  and  at  the  point  there  was  a  small  white  cicatrix.  The  corpus 
spongiosum  urethrse  terminated  abruptly  at  about  1  inch  behind  the  glans  penis.  The 
explanation  of  the  appearauce  seems  to  be  this.  The  corpus  spongiosum  was  divided  behind 
the  glans  penis,  and  being  torn  away  from  its  attachments  to  the  corpus  cavernosum,  became 
everted  at  the  meatus.  Micturition  was  performed  without  impediment,  the  urine  beiug 
voided  hy  the  side  of  the  protrusion. 

Injuries  of  the  prostate  gland. — The  prostate  gland  is  so  deeply  seated  in  the 
pslvis,  that  it  is  not  liable  to  injury  except  by  penetrating  wounds.  Incised  wounds 
of  the  prostate  usually  heal  very  quickly.  Such  are  those  made  in  the  operation 
of  lithotomy.  The  most  common  injury  to  which  this  gland  is  liable  arises  from 
laceration  either  of  one  of  its  lateral  lobes,  or  of  its  posterior  and  central  part,  by 
the  forcible  perforation  of  its  tissues  with  sounds  and  catheters.  This  injury  can 
scarcely  be  regarded  as  of  rare  occurrence,  judging  from  the  number  of  specimens 
accumulated  in  the  museums  of  London.  The  growth  connected  with  this  gland, 
and  denominated  the  '  middle  lobe,'  is  frequently  so  situated  at  the  orifice  of  the 
urethra  as  to  offer  an  impediment,  not  only  to  the  flow  of  the  urine,  but  to  the 
introduction  of  an  instrument  from  the  urethra.  This  contingency  should  be  always 
remembered  when  any  obstruction  is  met  with  at  the  moment  the  catheter  reaches 
the  orifice  of  the  bladder.  The  perforation  of  this  lobe  is  readily  effected  with  a 
metallic  instrument ;  it  may,  with  care,  be  avoided,  by  the  employment  of  a  flexible 
catheter  and  stilette  in  most  cases.  When  the  end  of  the  instrument  impinges  on 
the  obstruction,  it  should  be  withdrawn  from  the  urethra  about  half  an  inch ;  then, 
by  fixing  the  catheter  with  one  hand,  drawing  the  stilette  out  of  it  for  about  an  inch 
with  the  other,  and  depressing  both  hands,  or  gently  pressing  the  catheter  onwards 
by  itself,  it  glides  over  the  third  lobe  and  enters  the  bladder. 

The  indications  of  perforated  prostate  may  not  be  immediate.  But,  after  the 
lapse  of  an  hour  or  two,  the  patient  experiences  an  urgent  desire  to  empty  the  bladder. 
He  repeatedly  attempts  to  do  so,  but  in  vain.  Perhaps  a  few  drops  of  blood  escape 
from  the  urethra.  Becoming  alarmed,  he  sends  for  a  surgeon,  who  finds  the  pubic 
region  occupied  by  a  bard  mass,  which  is  very  painful  when  pressed.  The  surgeon 
again  introduces  a  catheter,  but  no  urine  escapes.  By  dint  of  pressure  above  the 
pubes  a  few  drops  of  urine  mixed  with  blood  are  expressed,  then  a  long  coagulum, 
again  a  little  more  blood  and  urine,  and  next  a  coagulum,  and  so  on  until  the 
mass  in  the  pelvis  is  somewhat  reduced  in  size.  But  still  there  it  remains, 
and,  as  an  accompaniment,  the  urgent  desire  of  the  patient  to  empty  his  blad- 
der. Together  with  these  local  circumstances,  the  constitutional  disturbance 
hourly  increases,;  mental  excitability  for  a  few  hours  is  associated,  at  a  later  period, 
with  great  restles3ness.  Nausea,  and  intolerance  of  solid  food,  with  a  clammy  white 
tongue,  changes  after  a  time  to  vomiting,  continued  retching,  and  the  attendant 
distress.  The  clamminess  of  the  mouth  passes  into  a  state  of  parched  dryness,  and 
the  thirst  is  most  distressing.  The  tongue  becomes  dry,  brown,  crisp  and  rough  on 
its  surface.  The  pulse,  at  first  full,  rapid,  and  incompressible,  by  degrees  becomes 
small  and  wiry,  maintaining  its  rapidity,  although,  perhaps,  not  regularly.  Respi- 
ration is  at  first  accelerated,  and  lastly  hurried.  The  skin  is  covered  with  perspira- 
tion, which  in  the  later  stages  becomes  cold,  and  the  face  assumes  a  congested,  livid 
aspect,  not  unlike  that  seen  in  cases  of  peritonitis. 

The  first  thought  which  suggests  itself  to  the  patient,  as  well  as  the  surgeon,  will 
be  to  relieve  the  distended  bladder.  How  is  this  to  be  effected  i  The  introduction 
of  the  catheter  gives  no  relief,  and  even  the  passage  of  the  instrument  through  the 
injured  prostate  might  tend  to  re-open  the  wound.  However  this  may  be,  I  con- 
sider the  best  plan  is  to  introduce  a  large  metallic  or  flexible  catheter ;  and  then,  by 
applying  at  its  end  a  syringe,  as  before  described,  the  blood  may  be  abstracted.  The 
bladder  may  be  irrigated  with  tepid  water,  and  the  operation  repeated  if  necessary. 
Cold  water  injected  into  the  rectum  may  arrest  any  further  bleeding. 
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The  powers  of  the  patient  must  be  well  supported,  and  sedatives  or  opiates 
administered  to  obtain  repose. 

I  have  never  met  with  any  injury  of  the  vesiculse  seminales. 

Injuries  of  the  scrotum  and  testicles. — The  scrotum  is  often  contused,  and  the 
effect  of  the  laceration  of  small  vessels  ramifying  in  its  textures  is  shown  by  effusion 
of  blood  taking  place  in  the  loose  connective  tissue  of  the  organ.  This  causes  it  to 
swell  and  become  of  a  black  hue.  The  treatment  of  a  case  of  this  nature  demands 
perfect  rest,  with  care  and  arrangement  to  prevent  the  part  remaining  pendent 
whilst  the  patient  is  in  bed.  A  small  pillow  or  sand-bag  should  be  placed  between 
the  thighs.  The  most  suitable  application  is  a  slightly  stimulating  and  evaporating 
lotion,  which  may  be  composed  of  liq.  amnion,  acetatis,  spirit,  tenuior,  and  distilled 
water,  in  suitable  proportions.  Lint  wetted  with  this  tluid  should  be  placed  over  the 
injured  part. 

Incised  and  lacerated  wounds  of  the  scrotum  are  produced  by  falling  upon  sharp 
substances,  or  astride  of  rails,  hooks,  &c.  The  wound  is  sometimes  sufficiently  large 
to  permit  the  escape  of  one  or  even  both  testicles  without  their  undergoing  any 
injury.  This  extrusion  of  the  testes  partly  depends  upon  the  contraction  of  the 
fibres  of  the  dartos,  which  corrugates  the  scrotum,  and  causes  it  to  shrink  to  such  a 
degree,  that  it  might  appear  as  if  a  considerable  portion  of  the  structure  had  been 
carried  away  as  the  result  of  the  injury.  Such  not  being  the  case,  means  must  be 
employed  to  relax  the  contractile  fibres  of  the  dartos.  Warmth  and  moisture  will 
accomplish  this.  The  region  should  be  enveloped  in  lint  wetted  with  hot  water ; 
and  when  the  integuments  of  the  scrotum  are  sufficiently  relaxed,  the  edges  of  the 
wound  should  be  drawn  together  over  the  testicles  by  means  of  sutures.  Either  the 
interrupted  or  uninterrupted  suture  may  be  employed,  and  the  material  of  the  suture 
be  silk  or  metal,  according  to  the  inclination  of  the  surgeon.  Adhesive  plaster  is 
detrimental.  Dry  lint  should  be  laid  over  the  part,  if  the  case  be  one  of  an  incised 
wound  ;  moist  lint,  if  the  scrotum  has  been  contused  as  well  as  torn  and  lacerated. 
Cold  lotions  are  then  to  be  applied  in  order  to  maintain  the  contractility  of  the 
dartos ;  for  if  the  integuments  are  allowed  to  become  relaxed  and  pendulous,  suppu- 
ration takes  place,  and  the  pus  collects  in  the  most  depending  part.  Repose  and 
posture  are  points  of  too  great  importance  to  be  neglected  in  the  treatment  of  these 
injuries. 

Injuries  of  the  testis,  epididymis,  and  vas  deferens. — The  testicles  may  be 
seriously  injured  by  pressure  and  contusion.  The  former  injury  frequently  occurs 
in  frays  and  broils  by  the  forcible  grasp  of  the  hand  of  an  antagonist ;  the  latter,  by 
suddenly  coming  in  contact  with  some  resisting  body,  as  when  astride  a  rail  or  saddle 
on  a  horse's  back,  or  by  a  blow  from  a  swiftly  moving  body,  as  a  cricket-ball.  The 
constitutional  effects  of  these  injuries  are  in  some  cases  immediate.  Prostration, 
syncope,  nausea,  rapidly  followed  by  vomiting  and  intense  pain,  ensue,  and  some 
hours  elapse  before  the  suffering  subsides.  The  pain  is  not  confined  to  the  organ 
injured,  but  extends  in  the  track  of  the  spermatic  cord  to  the  inguinal,  abdominal, 
and  lumbar  regions,  in  which  last  it  sometimes  becomes  most  severe.  After  the  first 
effects  have  subsided,  a  hydrocele  of  the  tunica  vaginalis  may  be  the  sequel. 

Absolute  repose,  the  local  abstraction  of  blood,  the  application  of  warmth  and 
moisture,  the  support  of  the  injured  organ  upon  a  pillow,  are  the  local  means  to  be 
adopted  to  prevent  inflammation  arising.  This  effect  of  the  injury,  however,  fre- 
quently follows,  and  in  the  adoption  of  suitable  constitutional  and  local  remedies  to 
arrest  its  progress,  the  usual  precautions  in  regard  to  the  diathesis  and  powers  of  the 
patient  must  be  employed. 

Wounds  of  the  testicle  are  uncommon.  A  punctured  wound  may  be  inflicted  by 
the  careless  use  of  a  trocar  in  the  performance  of  paracentesis  scroti  for  hydrocele. 
The  effect  produced  is  more  or  less  tenderness  and  swelling  of  the  organ,  and  occa- 
sionally the  extravasation  of  blood  into  the  tunica  vaginalis.  If  an  operator  has 
reason  to  conclude  that  the  testis  has  been  thus  punctured,  it  would  be  well  to  eujoin 
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rest  and  apply  cold  lotions.  By  neglecting  all  precautions  lie  might  become  involved 
in  difficulty. 

Incised  wounds  of  this  organ  are  very  rare.  They  cannot  easily  occur  without 
the  serous  cavity  of  the  tunica  vaginalis  being  opened,  and  the  surgeon  should  re- 
member this  in  the  adjustment  of  the  edges  of  the  wound.  All  serous  surfaces 
being  so  active  in  pouring  out  adhesive  lymph,  the  surfaces  of  the  tunica  vaginalis 
testis  and  reflexa  would  soon  unite  together  when  brought  in  contact ;  and  thus  the 
wound  of  the  integuments  would  be  all  that  remained  to  cicatrise. 

Complete  section  of  the  spermatic  cord  with  a  sharp  instrument  should  be  treated 
with  the  hope  that  union  of  the  divided  structures  may  occur.  The  divided  artery 
would  require  twisting,  but  the  ends  of  the  vas  deferens  might  be  adjusted  by  a 
suture  placed  through  the  surrounding  connective  tissue  in  such  a  manner  as  to 
keep  them  in  close  contact. 

Rupture  of  the  vas  deferens. — Injuries  of  the  excretory  duct  of  the  testis,  or  vas 
deferens,  are  not  noticed  by  surgical  authors.  Mr.  Hilton  has  favoured  me  with 
the  history  of  three  cases,  in  which  he  believes  this  duct  was  torn  completely  across. 

Case  1. — A  gentleman,  between  19  and  20  years  old,  was  skating,  and,  in  attempt- 
ing to  cut  a  particular  figure,  in  which  he  swung  himself  round  with  great  effort,  he 
suddenly  slipped,  so  that  his  right  leg  was  violently  abducted.  At  the  same  moment  he  felt 
something  give  way  in  his  right  groin,  accompanied  witli  great  pain.  The  right  testis  had 
not  been  the  seat  of  direct  injury,  yet  it  began  to  swell  almost  immediately,  and  in  a  few 
hours  blood  passed  from  the  urethra.  Perfectly  clear  urine  flowed  away  through  a  catheter, 
introduced  into  the  bladder,  without  any  blood.  This  was  an  indication  that  the  blood  had 
entered  the  urethra,  and  that  it  did  not  come  from  the  bladder  or  kidneys.  The  blood 
seemed  to  be  arterial,  but  it  was  in  small  quantity.  There  was  continued  tenderness  and 
pain  near  the  right  inguinal  ring,  and  swelling  of  the  right  testis.  Leeches  were  applied 
over  the  lower  part  of  the  abdomen,  and  he  was  confined  to  bed  for  two  or  three  days,  suffer- 
ing much  local  pain  resembling  peritonitis,  with  considerable  pyrexia.  The  bleeding  from  the 
urethra  did  not  continue  after  the  second  day.  The  testis  remained  swollen  for  several  weeks, 
and  then  began  to  waste,  until  at  last  it  was  reduced  to  about  one-third  its  normal  size.  At 
this  time,  now  six  years  since  the  accident  occurred,  the  patient  reports  that  the  testis 
is  of  the  ordinary  size  of  the  organ  in  a  boy  of  12  years  old.  In  its  present  condition  it 
causes  no  inconvenience. 

Case  2. — A  man,  about  28  years  old,  was  quickly  wheeling  a  barrow  with  two  handles  in 
the  dark,  when  he  was  suddenly  arrested  in  his  course  by  the  barrow  meeting  with  an 
obstruction.  The  weight  recoiled  upon  him,  and  shook  him  very  much  at  the  lower  part  of 
the  abdomen.  He  stated  that  he  felt  something  '  give  way '  in  his  right  groin.  Arterial 
blood  flowed  from  the  urethra  almost  immediately  after;  and  when  seen  an  hour  after  the 
injury,  he  was  then  bleeding.  Mr.  Hilton  passed  a  catheter,  and  drew  off  perfectly  clear  and 
bloodless  urine.  This  case  was  attended  with  nearly  the  same  local  symptoms  as  the  last, 
although  not  quite  so  severe  or  so  prolonged.  It  was  treated  in  the  same  way,  except  that 
a  few  leeches  were  applied  to  the  testis,  and  with  advantage.  A  fortnight  after  the  injury, 
the  right  testis  was  much  enlarged,  and  slightly  painful  on  pressure.  The  opportunity  for 
further  observation  has  not  occurred. 

Case  3. — A  gentleman,  about  60  years  old,  was  running  upstairs  in  pursuit  of  one  of 
his  children.  Hoping  more  certainly  to  overtake  the  child,  he  made  a  violent  effort  to  catch 
hold  of  her  foot,  as  she  was  turning  the  corner  of  the  stairs.  This  he  failed  to  do,  and  fell 
with  his  knees  upon  the  step,  but  did  not  strike  the  groin.  He  felt  a  sudden  pain  and  some- 
thing '  give  way '  in  the  right  groin,  close  to  the  internal  abdominal  ring,  and  presently 
blood  trickled  from  the  urethra.  Mr.  Hilton  saw  the  patient  about  two  hours  after  the 
injury  had  been  inflicted.  He  introduced  a  catheter  into  the  bladder,  and  the  urine  passed 
through  it  perfectly  clear  and  bloodless.  The  patient  was  confined  to  bed  for  nearly  fourteen 
days,  with  swollen  testis  and  pain  deeply  seated  behind  the  internal  abdominal  ring.  Leeches 
were  applied  to  the  lower  part  of  the  abdomen  and  testicle.  During  four  or  five  days  a 
small  and  diminishing  quantity  of  blood  passed  from  the  orifice  of  the  urethra.  The  right 
testis  subsequently  diminished  very  considerably ;  and  when  an  examination  was  made, 
several  months  after  the  injury,  it  was  not  more  than  half  the  size  of  the  left. 

In  the  details  of  the  above  cases  there  seem  to  be  very  good  reasons  to  concur  in 
the  opinion  that  the  injury  sustained  by  these  men  was  laceration  of  the  vas  deferens. 
Mr.  Hilton  considers  that  this  duct  is  divided  within  the  abdomen,  between  the 
internal  abdominal  ring  and  the  point  where  it  crosses  the  ureter,  and  that  the  blood 
flows  from  the  artery  which  accompanies  it.  The  blood  from  this  vessel  traverses 
the  tube,  and  so  enters  the  prostatic  portion  of  the  urethra,  anterior  to  the  bladder, 
thus  leaving  the  urine  free  from  blood. 
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He  adduces,  in  corroboration  of  the  views  above  expressed,  the  details  of  a  case 
dissected  by  him,  in  which  he  accidentally  found  one  testis  excessively  atrophied,  and 
the  vas  deferens  of  the  same  gland  ruptured  and  closed  at  both  ends.  The  ends 
were  at  least  two  inches  apart,  The  lowermost  was  lying  near  the  crossing  of  its 
coiu-se  with  the  ureter  ;  the  upper  end  was  adherent  to  the  surrounding  connective 
tissue,  near  the  internal  ring.  The  vesicula  seminalis  on  the  same  side  was  smaller 
than  that  on  the  opposite. 

The  indications  of  this  injury  are  a  sudden  and  violent  pain  in  the  groin,  arising 
as  the  result  of  severe  exertions  or  of  a  blow  ;  the  flow  of  bright  red  blood  from  the 
urethra,  although  the  urine  which  the  bladder  contains  is  free  from  blood ;  gradually 
increasing  pain,  which  extends  over  the  lower  part  of  the  abdomen,  accompanied 
with  more  or  less  pyrexia.  The  bleeding  ceases ;  the  pain  subsides ;  but  the  testis  on 
the  affected  side  becomes  at  first  swollen  and  tender,  and  finally  diminishes,  until, 
after  the  lapse  of  a  few  weeks,  it  becomes  atrophied. 

Absolute  rest  in  bed ;  the  local  application  of  leeches,  warmth  and  moisture  ;  and 
such  constitutional  remedies  as  serve  to  control  and  remove  pyrexia,  subserve  the 
purposes  of  treatment,  both  general  and  local. 

Cases  of  this  injury  are  doubtless  rare,  and  these  have  been  here  introduced  to 
attract  the  notice  of  the  profession. 

Injuries  of  the  uterus.1 — The  following  arrangement  will  be  adopted  in  describing 
the  injuries  of  the  uterus. 

In  the  unimpreguated  state  : 

1.  Wounds.    2.  Contusions. 
In  the  impregnated  condition  : 

1.  Wounds.    2.  Contusions,  without  and  with  rupture. 
Rupture  during  parturition  : 

1.  Idiopathic.  2.  Traumatic. 
Wounds  of  the  unimpregnated  uterus  are  very  rare.  Except  in  combination  with 
violent  and  extensive  injuries  to  the  pelvis,  there  are,  indeed,  no  cases  on  record.  As 
Duparcque  observes,  '  the  fibrous,  and  as  it  were  cartilaginous  resistance  of  the  womb 
whilst  empty ;  the  small  size  of  the  organ ;  its  mobility,  and  its  situation  within  a 
bony  cavity,  efficiently  protect  it  from  all  violence  capable  of  affecting  the  integrity  of 
its  walls.' 

The  same  remarks  apply  to  contusions  of  the  empty  organ  as  to  wounds. 

In  wounds  in  the  impregnated  state,  the  danger  depends  more  on  the  haemorrhage 
which  may  be  produced,  the  inflammation  excited,  and  its  consequences,  and  the 
premature  expulsion  of  the  ovum  which  may  follow,  than  on  the  fact  that  the  uterus 
is  wounded.  Punctured  wounds,  or  small  rents  by  sharp  instruments,  may  cause 
the  dribbling  away  of  the  amnial  fluid  quite  as  much  as  large  injuries,  thereby 
rendering  abortion  a  certain  result. 

Many  cases  of  goring  by  cattle  are  on  record ;  and  from  the  wounds  so  produced 
the  whole  or  part  of  the  foetus  has  escaped  into  the  peritoneal  cavity,  or  completely 
through  the  abdominal  walls. 

Planchon  relates  a  case  of  a  pregnant  uterus  being  punctured  by  a  nail  projecting  from  a 
cart.  Blood  mixed  with  the  liquor  amnii  escaped  from  the  wound.  Death  occurred  in  sixty 
hours. 

Baudelocq  mentions  a  case  where  the  uterus  was  torn  open  by  an  ox,  and  recovery 
ensued.2 

There  is  a  case  of  recovery  from  puncture  by  a  pitchfork  reported  in  the  '  American  Journal 
of  Medicine,'  April  1847. 

The  pregnant  uterus  has  been  tapped  with  a  trocar  for  ascites,  from  which 
mistake  no  ill  effects  followed. 

The  wife  of  a  sepoy  was  riding  on  an  ox,  which  stuinhled.    She  fell  on  its  horns,  one  of 

1  In  this  section  I  have  availed  myself  of  the  knowledge  of  Dr.  Braxton  Hicks,  F.R.S., 
physician  accoucheur  at  Guy's  Hospital. 

2  See  Hull's  Defence  of  Ccesarean  Section. 
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which  entered  her  abdomen  and  uterus.  Through  the  wound  the  hand  of  the  fetus  pro- 
truded. The  fetus  was  extracted  per  viae  naturales.  The  intestines  protruded,  but  were 
replaced,  and  the  woman  perfectly  recovered.1 

The  uterus  has  also  been  wounded  in  criminal  attempts  to  procure  aboi'tion,  the 
instrument  used  passing  through  its  walls,  producing  occasionally  fatal  haemorrhage. 
A  case  occurred  in  the  practice  of  an  eminent  accoucheur-physician,  who  examined 
the  uterus  after  death,  which  took  place  from  inflammation.  The  pointed  instrument 
had  entered  the  os  uteri  rightly,  but,  instead  of  following  the  axial  curve,  it  was 
pushed  towards  the  sacrum  through  the  posterior  wall  of  the  cervix,  into  the  retro- 
vaginal  pouch  of  the  peritonaeum. 

The  treatment  of  wounds  of  the  pregnant  uterus  depends  much  on  the  condition 
of  the  parts.  If  the  foetus  have  not  escaped,  a  wound  of  this  organ  must  be  treated 
on  the  usual  principles ;  perfect  quietude,  light  dietary,  and  full  doses  of  opium  to 
check  pain  and  uterine  action.  If  the  foetus  have  escaped,  and  there  is  yet  a  proba- 
bility of  bringing  it  through  the  natural  passages,  the  effort  must  be  made  with  the 
greatest  care ;  should,  however,  the  greater  part  present  at  the  wound,  then  our  best 
plan  will  be  to  draw  the  remainder  gently  through,  removing  the  placenta,  as  in  the 
Caesarean  section,  and  finishing  the  proceeding,  and  adopting  the  same  after-treat- 
ment, as  in  such  cases.  If  only  a  small  portion,  as  a  limb,  of  the  foetus,  project 
through  the  wound,  it  will  be  advisable  to  replace  it,  as  early  and  with  as  much 
gentleness  as  possible ;  taking  care,  the  moment  labour  sets  in,  to  be  ready  to  dilate 
the  os  uteri,  either  manually,  or,  still  better,  by  the  india-rubber  dilating  bags ;  and 
then  as  soon  as  the  foetus  can  be  turned,  either  by  introduction  of  the  hand  or  by 
combined  external  and  internal  version,  we  should  deliver  the  fetus,  in  order 
that  it  may  not  again  be  driven  through  the  uterine  walls  by  their  contractions. 

Contusions  of  the  pregnant  uterus,  without  rupture. — During  the  early  months  of 
pregnancy,  blows  and  injuries  may  produce  inflammation  of  this  organ,  the  symptoms 
of  which  will  be  severe  pain  in  the  hypogastric  region,  extending  to  the  vulva, 
perinaeum,  and  thighs,  combined  with  inflammatory  fevei*.  The  treatment  will  con- 
sist in  depletion,  calomel  and  opium,  and  the  local  application  of  leeches  and  hot 
fomentations.  Abortion  is  generally  the  result ;  but  abscess  or  chronic  inflammation 
of  the  womb  or  adhesions  may  be  the  sequel.  Duparcque  relates  a  case  in  which  an 
abscess  formed  in  front  of  the  uterus  from  a  blow  on  it  in  the  sixth  month  of  preg- 
nancy. It  was  only  discovered  after  delivery,  by  its  projection  across  the  mouth  of 
the  uterus.    It  was  cured  by  puncture  with  a  straight  bistoury. 

From  the  changes  produced  in  the  walls  of  the  uterus  by  this  inflammatory  action, 
it  has  been  observed  that  injuries  to  that  organ  undoubtedly  predispose  to  rupture  in 
subsequent  pregnancies  and  labours. 

During  the  latter  months  of  pregnancy,  or  at  the  full  term,  contusions  give  rise 
to  inflammation  of  the  uterus  and  to  peritonitis.  They  are  attended  with  more 
severe  suffering  if  the  consequent  contractions  be  more  powerful,  and  the  child  larger, 
and  labour  is  almost  certain  to  follow,  impeded  by  the  swollen  uterus,  and  the  as  yet 
rigid  os. 

As  to  the  treatment :  '  Under  these  circumstances,'  says  Dr.  Rigby,  '  we  must- 
trust  almost  entirely  to  the  lancet  to  aid  the  speedy  dilatation  of  the  os  uteri ;  for,  until 
the  circulation  has  received  an  effectual  check  by  fainting,  the  dilatation  of  the  parts 
cannot  proceed,  nor  can  any  attempt  be  made  to  give  artificial  assistance.  The 
abdomen  should  be  well  covered  with  a  hot  linseed-meal  poultice,  hot  decoction  of 
poppies  thrown  up  the  vagina,  the  bowels  opened  by  a  simple  enema,  and  then  a 
warm  opiate  injection  to  allay  irritation.'  We  would  also  recommend  the  inhalation 
of  chloroform,  but  not  carried  to  its  fullest  effect ;  and  from  what  we  have  witnessed 
of  its  beneficial  effects  in  obstetric  operations,  we  may  look  for  the  greatest  benefit ; 
first,  by  its  power  of  checking  temporarily  uterine  contraction  ;  secondly,  from  its 
relaxing  powers  to  open  the  os;  and,  lastly,  from  its  anaesthetic  action. 

Contusions,  with  rupture. — This  is  the  most  serious  consequence  attendant  on 
contusions  to  the  pregnant  womb.    The  ovum  is  expelled  into  the  abdominal  cavity, 

1  London  Medical  Gazette,  Oct.  1846. 
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or  moi'e  rarely  through  the  natural  passages.  Besides  contusions,  over-exercise, 
leaning  against  hard  substances,  violent  vomiting,  and  stooping  and  falling,  have 
been  known  to  cause  the  catastrophe. 

In  the  early  months  of  pregnancy  the  symptoms  are  ambiguous.  They  may  be 
said  generally  to  resemble  that  of  rupture  of  any  abdominal  viscus.  The  most 
marked  are  collapse,  intense  pain,  internal  haemorrhage,  or  an  escape  of  blood  from 
the  vagina.  In  the  latter  stages  of  pregnancy,  the  symptoms  point  more  clearly  to 
ruptured  uterus,  and  the  child  may  be  felt  among  the  intestines.  When  death  does 
not  immediately  ensue,  and  the  case  is  left  to  nature,  either  fatal  peritonitis  is  set  up 
with  all  its  attendant  symptoms,  or  the  fcetus  becomes  surrounded  with  a  cyst,  the 
result  of  plastic  effusion,  and  is  thereby  shut  off  from  the  viscera.  The  ovum  may 
remain  tolerably  quiescent  in  this  cyst,  but  sooner  or  later  it  causes  irritation,  and 
endeavours  to  reach  the  surface,  either  by  the  vagina,  rectum,  or  through  the  abdom- 
inal walls. 

The  treatment  being  the  same  as  that  required  when  the  accident  occurs  during 
labour,  the  reader  is  referred  tc  the  following  section. 

Rupture  of  the  uterus  during  parturition. — This  is  one  of  the  most  appalling 
accidents  that  can  complicate  parturition.  It  may  be  considered  under  two  condi- 
tions :  firstly,  idiopathic ;  secondly,  traumatic.  The  first  arises  from  an  abnormal 
condition  of  the  uterine  walls,  its  tissues  being  altered  by  former  disease,  or  by  former 
wounds.  It  may  also  result  from  prolonged  efforts  to  expel  the  child  where  an 
obstruction  exists  in  the  natural  passage.  Sometimes  the  walls  give  way  before  more 
than  a  few  pains  have  arisen,  while  some  patients  have  been  four  days  in  labour 
before  rupture  took  place.  The  average  duration  of  labour  before  rupture  is  about 
twenty  one  hours. 

Version,  and  the  unskilled  or  careless  use  of  obstetric  instruments,  not  unfre- 
quently  produce  the  second  variety  of  this  accident.  Although  rash  and  inconsiderate 
attempts  cannot  be  too  strongly  condemned,  it  is  important  to  know  that  rupture 
has  occurred  even  to  the  most  skilful  practitioners.  From  the  reports  of  some  cases 
it  would  appear  that  violent  movements  of  the  fcetus  have  given  rise  to  this  accident, 
though  it  is  highly  probable  that  the  escape  of  the  child  through  its  walls  produced 
the  violent  movements  of  the  uterus,  and  thus  cause  has  been  confounded  with  effect. 
If,  however,  the  movements  were  the  true  cause,  we  can  hardly  believe  that  the 
uterine  walls  were  in  a  healthy  condition  at  the  time. 

Ruptures  of  the  uterus  generally  may  be  divided  into  three  classes.  In  the  first 
the  rent  is  confined  to  the  vaginal  cervix,  and  perhaps  a  portion  of  the  vagina. 
Occasionally  the  vaginal  portion  of  the  cervix  has  come  away  as  a  ring,  having  been 
detached  from  the  uterus  at  its  junction  with  the  vagina.  These  cases  are  usually 
without  danger ;  they  soon  heal  irp,  and  probably  they  are  much  more  frequent  than 
is  commonly  acknowledged.  Occasionally,  as  in  a  case  mentioned  in  the  '  Guy's 
Hospital  Reports,'  1859,  the  haemorrhage  resulting  has  proved  fatal.  In  the  second 
class  rupture  is  unattended  with  the  escape  of  the  fcetus  through  the  rent :  and  in  the 
third  the  fcetus  escapes  into  the  peritonaeum. 

The  symptoms  of  ruptured  uterus  are  variable,  dependent  on  the  extent  of  the 
rent,  the  amount  of  haemorrhage  attending  it,  and  whether  the  foetus  has  passed 
through  its  walls.  The  most  common  symptoms  are  a  sudden  sensation  of  tearing,  or 
of  something  having  given  way  in  the  abdomen,  followed  by  fainting,  and  all  the 
symptoms  of  collapse,  cessation  of  the  pains,  frequently  recession  of  the  presenting 
part,  frequently  haemorrhage  from  the  vagina.  These  symptoms  are  those  which 
more  especially  indicate  the  third  class  of  the  accident,  and  usually  denote  the  escape 
of  the  fcetus  into  the  abdominal  cavity,  where  it  can  be  generally  felt.  However, 
this  is  not  always  the  case,  for  collapse  may  continue  to  a  fatal  end,  even  when  the 
fcetus  remains  in  utero  ;  for  bleeding  into  the  peritonaeum  may  cause  nearly  the  same 
symptoms.  Again,  the  uterus  may  be  severely  ruptured,  and  though  the  pains  may 
be  abated  in  force,  they  are  still  adequate  to  delivery.  This  termination  is  rare.  But 
many  cases  have  occurred  in  which  it  was  impossible  in  consequence  of  the  slightncss 
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of  the  symptoms  to  fix  the  time  of  the  rupture,  therefore  it  is  not  unlikely  that  some 
cases  recover  without  the  suspicion  of  their  existence. 

The  treatment  recommended  in  this  formidable  accident  varies  very  much. 
From  the  researches  of  Dr.  Trask.  to  whose  valuable  paper  we  must  refer  the  reader, 1 
it  appears  that  in  those  cases  where  the  foetus  had  escaped  into  the  peritoneal 
cavity, 

Gastrotomy  after  this  accident  lost  24  per  cent. 
Turning,  perforation,  &c.   ...    68  „ 
Abandoned  to  nature     ....    78  „ 

In  a  case  of  such  difficulty,  it  is  well  to  know  what  line  of  treatment  affords  the 
greatest  chance  of  recovery ;  and  from  the  above  we  may  safely  conclude  that 
gastrotomy  affords  the  best,  which  is  therefore  strongly  urged  by  Dr.  Trask.  How- 
ever, in  any  given  case,  much  depends  on  collateral  circumstances.  If  the  child 
have  only  in  part  escaped  into  the  peritoneal  cavity,  then  it  is  proper  to  introduce 
the  hand,  seize  the  feet,  and  deliver  as  in  version  ;  if  the  head,  however,  be  impacted 
in  the  pelvis,  it  is  light  to  apply  the  forceps,  and  if  that  be  impossible  or  useless,  to 
perforate  it.  If  the  child  have  escaped  wholly  into  the  cavity,  and  only  a  few  hours 
have  elapsed,  the  hand  should  be  passed  through  the  rent,  if  it  can  be  done  with 
ease,  the  legs  grasped,  brought  back  through  the  rent,  and  delivered  by  the  natural 
channels.  But  should  much  time  have  elapsed,  or  the  rent  be  firmly  contracted,  so 
as  to  require  some  force  to  pass  the  hand  through  it,  it  will  then  be  advisable  to 
perform  gastrotomy  without  delay.  Again,  should  the  escaped  foetus  have,  at  the 
time  of  our  arrival,  already  set  up  irritation,  we  must  then  wait  until  the  plastic 
products  of  inflammation  have  formed  a  cyst  around  it,  whereby  most  commonly  it 
remains  for  a  time  comparatively  quiescent.  It  will  be  a  matter  to  determine,  after 
waiting  two  or  three  weeks,  whether  we  should  make  an  opening  through  the 
abdominal  walls,  or  delay  still  longer  until  there  is  a  marked  tendency  to  point 
forwards.  In  any  case,  should  we  find  from  the  touch  that  the  foetus  is  lying  just 
beneath  the  walls,  there  can  be  no  hesitation  in  cutting  down  at  the  end  of  three 
weeks  from  the  accident ;  for  it  must  be  remembered  that  the  foetus  may  take  the 
direction  of  the  bladder  or  intestines,  and  form  openings  into  them,  causing  pro- 
tracted and  immense  suffering.  Sometimes,  however,  the  foetus  remains  in  the  cyst 
dormant  for  many  years,  but  these  are  the  exceptions. 

The  intestines  may  escape  by  the  rent,  after  delivery  per  vaginam,  and  therefore 
in  every  case  examination  should  be  made  if  possible,  in  order  to  reduce  them  when 
necessary ;  as  death  has  taken  place  in  some  cases  from  strangulation  of  the  bowel. 

The  laceration  may  take  place  in  any  direction.  The  relative  frequency  of  its 
position  is  as  follows  : — Rupture  of  body  and  fundus,  63  ;  ditto  of  cervix,  involving 
more  or  less  of  body  of  uterus  and  vagina,  64. 

Injuries  to  the  vagina. — Unconnected  with  parturition,  these  are  not  very 
common.  But  few  are  recorded.  They  are  inflicted  by  falling,  or  sitting  upon 
pointed  instruments,  which  may  penetrate  even  to  the  abdomen.  A  case  is  men- 
tioned in  which  a  triangular  hay-knife  entered  the  vagina,  lacerating  the  perinseum, 
and  passed  into  the  abdomen,  whilst  the  long  handle  remained  projecting  from  the 
vagina.  The  handle  was  cut  short,  and  the  remaining  portion  was  extracted,  after 
great  difficulty,  at  the  end  of  nine  hours.  Local  and  general  bleeding  was  employed, 
and  recovery  took  place  in  seven  days.2 

Two  cases  have  been  related  to  me  in  which  patients  have  died  from  the  haemorrhage 
resulting  from  a  wound  inflicted  on  the  vagina.  It  is  a  subject  for  regret  that  in  neither 
case  was  the  nature  of  the  wound  in  the  aitery  discovered  after  death,  by  careful  dissection. 

My  informant  was  hastily  summoned  to  a  lady,  whom  he  found  lying  on  the  floor  in  a 
pool  of  blood,  at  the  point  of  death :  in  fact,  she  scarcely  breathed  after  his  arrival.  The 
husband  had  left  her  in  perfect  health,  a  very  short  time  before,  to  accompany  a  friend  a  little 
distance  from  the  house.    On  his  return,  he  found  his  wife  on  the  floor  and  faint.    A  surgeon 


1  'Cases  of  Ruptured  Uterus,  with  Remarks,'  by  Dr.  Trask;  American  Journal  of 
Medical  Science,  January  and  April  1848,  and  July  1856. 

2  Lancet,  1833-34,  vol.  ii.  p.  112,  from  Revue  medicate. 


INJURIES  OF  THE  VAGINA. 


93U 


had  seen  the  patient,  and  discovering'  a  flow  of  blood  from  the  vagina,  placed  a  compress  and 
a  plug  of  lint  therein,  and  gave  stimulants.  The  haemorrhage,  however,  continued,  and  death 
took  place  about  an  hour  after  the  infliction  of  the  injury.  A  post-mortem  examination  of 
the  wound  only  was  made.  On  separating  the  labia,  a  lacerated  wound,  which  extended  up- 
wards and  forwards,  was  seen,  and  the  internal  pudic  artery  was  found  to  have  been  divided. 
The  accident  was  occasioned  by  the  lady  going  into  a  dark  bedroom  to  micturate,  and  sitting1 
down  upon  a  water-ewer,  the  handle  of  which  was  broken  off,  leaving  a  portion,  sharp, 
jagged,  and  projecting  about  an  inch,  which  produced  the  injury. 

Mr.  Durham  related  to  me  the  following  case:  A  woman  was  knocked  down  by  a  man, 
and  immediately  a  large  pool  of  blood  appeared  on  the  floor.  She  died  in  a  short  time.  The 
blood  flowed  from  the  vagina,  in  the  walls  of  which  there  was  a  wound  extending  towards  the 
internal  pudic  artery.  At  first  it  was  thought  that  the  woman  had  been  stabbed  with  a  knife, 
but  on  careful  examination  it  was  discovered  that  she  had  fallen  on  a  spittoon.  The  weight  of 
her  body  broke  this  utensil,  and  a  sharp-pointed  fragment  of  it  probably  inflicted  the  injury. 

Injuries  connected  with  parturition. — Rupture  of  the  cervix  uteri  frequently 
extends  into  the  vagina,  assisting  the  escape  of  the  foetus  into  the  peritoneal  cavity, 
or  allowing  the  intestines  to  protrude.  Sometimes  the  vagina  alone  is  ruptured  in 
a  circular  direction,  either  posteriorly  or  anteriorly,  close  to  the  bladder.  The 
rupture  frequently  extends  half  way  round,  not  very  infrequently  three-fourths  of 
its  circumference.  The  symptoms  in  such  cases  resemble  those  of  ruptured  uterus, 
and  must  be  treated  accordingly. 

Two  cases  are  on  record  1  where  the  uterus  has  been  detached  from  the  vagina, 
and  expelled  from  the  body  during  labour.  In  both  these  cases  there  was  an 
inquest.  It  did  not  appear  that  any  force  had  been  applied  to  the  parts ;  at  least 
not  sufficient  to  account  for  such  an  injury.  Upon  consideration  of  the  forces 
employed  in  labour  and  of  the  partial  laceration  of  the  vagina,  which  has  occurred 
through  two-thirds  of  its  circumference  spontaneously,  we  may  find  a  legitimate 
explanation  of  this  accident  in  the  enormous  strain  on  the  round  ligaments  and 
vagina  after  the  head  of  the  foetus  has  passed  through  the  os  uteri,  but  is  arrested  by 
the  pelvis.  The  vagina  and  round  ligaments  form  the  only  restraint  of  any  im- 
portance against  the  recoil  of  the  uterus ;  if  any  part  give  way,  then  undue  strain 
falls  on  the  rest ;  and  if  the  uterus  then  continue  in  action,  its  force,  so  useful  to 
expel  the  foetus,  acts  against  these  restraining  tissues,  till  they  yield.  In  general 
the  ruptures  of  uterus  and  vagina  cause  suspension  of  the  pains,  and  then  the  ex- 
tension of  the  mischief  ceases  ;  but  this  is  not  always  the  case,  and  then  the  rupture 
is  rapidly  extended. 

The  unskilful  use  of  obstetric  instruments,  or  the  extraction  of  the  broken-up 
foetal  cranium,  have  often  caused  severe  injuries  to  the  vagina;  sometimes  the 
former  have  passed  through  the  walls,  at  the  junction  of  the  cervix,  tearing  the 
uterus  from  the  vagina. 

Jn  a  case  of  this  kind  the  forceps  passed  through  the  vagina  behind  the  os  uteri ;  the  intes- 
tines protruded,  and  attempts  were  made  to  reduce  them.  They, however,  continued  to  fall  down, 
and  the  portion  protruded  sloughed  off  in  about  ten  days.  Ultimately  the  patient  recovered 
with  an  intestino-vaginal  fistula.  This,  after  two  years,  was  closed  by  a  plastic  operation, 
and  then  the  motions  passed  for  the  first  time  since  the  operation  by  the  rectum.  There 
was,  however,  no  doubt  that  some  inches  of  perfect  intestine  had  come  away  originally. 

In  attempts  to  procure  abortion,  the  vagina  has  been  injured,  and  occlusion  or 
constriction  of  the  passage  being  the  result,  has  been  detected  at  the  subsequent 
labour. 

The  vagina  has  also  been  torn,  together  with  the  hymen,  in  the  attempts  at 
coitus  for  the  first  time.2  In  two  cases  described  to  the  writer,  in  recently  married 
women,  the  bleeding  was  very  alarming  to  both  parties,  consequent  upon  the  tearing 
up  of  a  considerable  portion  of  the  mucous  membrane.  Similar  effects  are  also 
produced  in  rape.  The  legal  points  of  these  cases  may  be  seen  in  works  on  Medical 
Jurisprudence. 

The  passage  of  the  child's  head  in  primiparse  will  occasionally  push  before  it  the 
internal  membrane  of  the  perinseum,  so  as  to  cause  it  to  tear,  leaving  a  raw  surface 

1  See  Lancet  and  Brit.  Assoc.  Journ.  1st  half-year,  i860. 

2  A  specimen  of  this  injury,  which  proved  fatal,  is  preserved  in  the  collection  of  obstetric 
preparations  presented  by  Mr.  Stone  to  the  Museum  of  St.  George's  Hospital. 
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internally,  which  is  difficult  and  slow  to  heal.  In  two  instances  this  caused  con- 
traction and  severe  pain  afterwards.  In  one  case  coitus  was  impossible  for  nine 
months  at  least  after  labour.  The  irritation  of  the  lochia  probably  retards  the 
healing  process. 

All  these  wounds  require  but  little  surgical  interference  beyond  the  injection  of 
warm  fomentations,  great  cleanliness  at  first,  and,  if  they  be  slow  to  heal,  some 
stimulating  injection,  as  black-wash,  zinc  and  alum  lotion,  a  lotion  of  nitrate  of  silver, 
or  the  application  of  the  solid  nitrate. 

All  injuries  of  the  vagina  are  exceedingly  prone  to  be  followed  by  contracting 
cicatrices,  which  in  part  or  even  wholly  occlude  the  passage,  rendering  coitus  more 
or  less  difficult,  painful,  and  even  impossible.  They  add  very  seriously  to  the 
dangers  of  labour,  ending  even  in  rupture  of  the  uterus.1  Peritonitis  is  apt  to 
follow  injuries  of  the  vagina,  especially  if  they  be  near  the  uterus.  Any  symptoms, 
therefore,  of  this  disease  must  be  carefully  watched. 

The  protracted  detention  and  pressure  of  the  child's  head  within  the  vagina  is 
sometimes  followed  by  a  slough,  which  may  extend  anteriorly  into  the  bladder, 
causing  vesico-vaginal  fistula ;  or  posteriorly  into  the  rectum,  causing  recto-vaginal 
fistula.  By  the  former  the  urine  passes  in  part  or  wholly  into  the  vagina  ;  and  by 
the  latter  the  faeces,  rendering  the  condition  of  the  sufferer  very  pitiable.  The 
treatment  of  the  results  of  this  injury  is  described  in  the  essay  on  Surgical  Diseases 
of  Women. 

Foreign  bodies  when  lodged  in  the  vagina  require  some  skill  in  extricating  them. 
The  most  common  is  the  pessary,  the  strings  of  which  break,  and  the  patient,  from 
ignorance,  generally  allows  it  to  remain  until  the  discharge  becomes  most  offensive, 
simulating  that  from  malignant  disease.  Severe  irritation  is  also  set  up;  and  after 
a  time  the  vagina  may  become  so  contracted  around  it,  that  it  is  exceedingly 
difficult  to  introduce  any  instrument  to  take  hold  of  it.  In  one  case  the  pessary 
had  to  be  sawn  in  two  parts,  by  a  saw  introduced  into  the  vagina,  before  it  could 
be  removed.  In  another,  a  metal  pessary  was  so  impacted  that  the  perinaeum 
required  division  to  facilitate  its  removal.  For  ordinary  cases  a  forceps  made  for 
the  purpose  is  best. 

In  the  '  London  Medical  Gazette '  1854,  p.  264,  a  case  is  reported  where  a  broken  neck  of  a 
bottle  was  found  in  the  vagina.  A  point  of  it  had  entered  the  bladder,  and  on  this  point  a 
calculus  had  formed  as  well  as  around  the  part  in  the  vagina.  A  glass  bottle  was  removed 
by  the  writer  with  a  polypus  forceps.  An  ale-glass,  two  inches  and  a  half  in  diameter  and 
three  in  height,  was  removed  by  the  forceps,  and  the  case  is  reported  in  the  '  Lancet,'  1856, 
vol.  ii.  p.  451.  At  Guy's  Hospital,  a  case  occurred,  under  the  care  of  Mr.  Hilton,  in  which  a 
flat  bone  netting-mesh,  about  ten  inches  long,  was  successfully  removed  from  the  pelvis  of  a 
girl,  who  had  introduced  it  into  that  region  per  vaginam.  The  length  of  the  mesh  neces- 
sitated its  division  into  two  parts  before  it  was  removed.  The  mesh  is  in  the  Museum  at 
Guy's  Hospital.2 

Injuries  to  the  vulva  and  external  parts  arise  from  kicks,  falls  astride,  sitting  on 
sharp  instruments,  fire,  rape,  and  the  passage  of  the  child's  head.  They  must  be 
treated  upon  the  ordinary  principles  of  surgery.  As  these  parts  contain  much  con- 
nective tissue,  they  very  readily  swell  after  injuries,  and  suppuration  also  extends 
widely  and  quickly  throughout  their  tissues.  As  the  vascularity  of  these  organs  is 
great,  contusions  give  rise  to  large  extravasations  of  blood,  which  cause  remarkable 
discoloration  of  the  skin  for  some  distance  around.  By  the  application  of  cold  at 
first,  and  subsequently  a  stimulating  lotion,  the  blood  soon  becomes  absorbed.  As 
the  result  of  cicatrisation  after  burns,  the  entrance  to  the  vagina  may  appear  to  be 
nearly  closed  up.    But  mechanical  dilatation  removes  the  deformity. 

Injuries  of  the  perinceutn. — In  the  male  sex  this  region  is  liable  to  contusions 
and  superficial  lacerations.  Boys  are  particularly  the  subjects  of  injuries  in  this 
part  of  their  bodies,  which  occur  in  scrambling  over  rails  or  palings ;  and  adults 

1  Trash  on  '  Occlusion  of  the  Os  Uteri  and  Vagina,'  in  American  Journal  of  Medical 
Science,  July  1848.  2  Med.-CMr.  Trans,  vol.  xxxi.  p.  315. 
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frequently  bruise  the  part  by  striking  it  upon  the  pommel  or  some  other  [tart  of  the 
saddle  in  riding.  The  result  is  more  or  less  effusion  of  blood  into  the  loose  connective 
tissue,  and  the  appearances  termed  ecchymosis  become  visible  in  a  day  or  two. 
Local  pain  or  tenderness  generally  accompanies  the  swelling  which  results,  with 
slight  difficulty  and  perhaps  pain  in  micturition.  Retention  of  urine  sometimes 
occurs  from  the  mechanical  pressure  of  the  swelling  upon  the  urethra,  and  there- 
fore in  children  especial  care  should  be  observed  to  ascertain  that  the  bladder  is 
emptied. 

Repose,  and  the  local  application  of  warmth  and  moisture,  or  a  lotion  of  the 
liquor  pluuibi  diacetatis  dilutus,  is  usually  all  the  treatment  that  is  required. 

Incised  and  even  lacerated  wounds  of  the  integuments  and  deeper  tissues  of  the 
perineum  usually  heal  favourably,  when  treated  in  the  manner  applicable  to  the 
special  case,  and  therefore  their  treatment  requires  no  particular  description  here. 
The  surgeon  should,  however,  bear  in  mind  the  relations  of  the  urethra  to  this  region. 

But,  although  the  primary  results  of  a  wound  in  the  male  perineal  region  cannot 
be  regarded  as  more  serious  than  other  superficial  wounds  of  soft  parts,  yet  the 
secondary  results  may  involve  considerable  risk  to  life.  The  proximity  of  the  wound 
to  the  urethra  causes  the  inflammation  resulting  from  it  to  extend  to  that  canal, 
and  thus  there  may  be  excited,  from  an  apparently  trivial  cause,  all  the  dangers  and 
difficulties  accruing  from  retention  of  urine,  and  the  usual  means  may  be  required  to 
relieve  that  condition. 

Let  the  following  case  illustrate  this  point  : — 

A  rather  weak  man,  22  years  old,  was  admitted  into  Guy's  Hospital  in  1838,  with 
a  lacerated  wound  of  the  perinamm,  which  penetrated  merely  to  the  muscles.  The  injury 
had  been  inflicted  by  falling  off  a  chair  and  striking  the  perinajum.  At  first  a  catheter 
was  passed  without  any  difficulty,  but  by  degrees  this  operation  became  impeded  by  sur- 
rounding inflammation.  The  urethra  was  at  last  involved  in  the  mischief,  and  by  the  intro- 
duction of  a  catheter  it  was  supposed  that  a  false  passage  was  established.  The  urine 
escaped  into  the  connective  tissue  of  the  perinseum,  and  a  large  abscess  was  the  result.  The 
appetite  of  the  patient  had  entirely  failed  soon  after  the  accident,  and  great  constitutional 
disturbance  had  resulted.  At  last  hectic  fever,  with  colliquative  diarrhoea,  supervened,  and 
he  sank  in  sixteen  days  after  the  receipt  of  the  injury.  Post-mortem  examination  showed 
that  the  tissues  of  the  heart,  lungs,  liver,  and  kidneys  were  diseased.  The  cavity  of  a  large 
abscess  existed  between  the  bladder  and  rectum,  and  into  the  last  viscus  there  was  an 
opening.  The  mucous  membrane  of  the  bladder  and  urethra  was  covered  with  false  mem- 
branes, and  there  were  abscesses  in  the  walls  of  the  bladder. 

The  perinpeum  in  the  female  sex  is  liable  to  a  much  more  serious  injury  during 
parturition.  Placed  behind  the  vulva,  the  integuments  and  subcutaneous  tissues 
are  so  much  stretched  during  the  passage  of  the  child's  head,  that  they  are  unable  to 
offer  sufficient  resistance,  and  they  become  torn  or  lacerated.  The  direction  of  the 
rent  is  either  immediately  backwards,  central,  or  a  little  to  one  side  or  the  other. 
Should  this  accident  occur,  the  edges  of  the  wound  may  be  brought  together  with 
sutures,  and  a  fair  chance  of  cicatrisation  exists.  But  if  neglected,  the  surfaces  heal 
over,  and  a  permanent  fissure  will  be  the  result.  Even  when  the  torn  surfaces  are 
covered  with  granulations,  their  suitable  adjustment  with  the  quill-suture  may 
induce  cicatrisation.1 

This  subject  will  be  found  more  fully  treated  in  the  essay  on  Surgical  Diseases 
of  Women. 

(C.)    Injuries  of  the  Rectum  and  Anus. 

Incised  wounds  of  this  portion  of  the  alimentary  canal  usually  heal  very  readily. 
An  illustration  of  the  fact  may  be  taken  from  the  observation  of  incisions  made  into 
the  bowel  for  the  cure  of  fistula  in  ano,  and  of  those  in  which  the  anterior  wall  of 
the  bowel  is  incised,  to  permit  the  extraction  of  a  large  stone  from  the  urinary 
bladder.  Even  instances  in  which  the  rectum  has  been  accidentally  wounded  in  the 
lateral  operation  of  lithotomy  might  be  mentioned,  to  show  how  readily  such  wounds 
heal. 

1  See  a  case  in  Guys  Hospital  Reports,  1855,  p.  184. 
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The  rectum  is  sometimes  injured  by  the  introduction  of  bougies,  or  the  ends  of 
enema  syringes. 

In  the  Museum  at  Guy's  Hospital  there  is  a  portion  of  rectum  peiforated  by  a  bougie. 
The  patient  had  been  affected  for  many  years  with  stricture,  and  had  often  been  relieved  by- 
surgical  aid ;  at  iength,  in  an  attempt  to  pass  the  bougie  himself,  he  perforated  the  rectum, 
and  death  ensued  in  about  ten  hours. 

In  another  case  the  same  injury  was  inflicted  by  the  introduction  of  an  O'Beirne's  tube. 
The  wound  was  about  five  inches  from  the  anus.  A  man,  aged  67,  was  the  subject 
of  strangulated  hernia.  It  was  supposed  to  be  reduced,  but  the  symptoms  of  strangulation 
continuing,  a  rectum  bougie  was  passed.  Collapse  and  death  followed.  After  death  the 
rectum  was  found  perforated,  as  the  preparation  shows.1 

As  an  effect  of  perforation,  the  lower  part  of  the  abdomen  may  become  emphysematous. 
A  case  of  this  kind  was  under  the  care  of  the  late  Dr.  Hughes.  A  man,  aged  50,  was 
admitted  into  Guy's  Hospital  in  1856,  with  cancerous  disease  of  the  pylorus.  The  necropsy 
revealed  ulceration  of  the  rectum,  which  had  occupied  nearly  the  whole  of  its  lower  third  ; 
the  surface  of  the  ulcer  was  irregular  and  ragged,  and  formed  irregular  bands  and  pouches. 
Beneath  one  of  these  bands,  consisting  of  muscular  fibre,  was  a  small  opening  into  the  cellu- 
lar tissues ;  this  opening  the  patient  had  made  with  an  enema  syringe,  and  it  had  led  to 
emphysema  of  the  whole  of  the  lower  half  of  the  abdomen.  The  preparation  is  in  Guy's 
Hospital  Museum. 

As  a  secondary  result  of  the  wounds  of  the  rectum  and  anus,  peritonitis  must  be 
mentioned.  If  phlegmonous  erysipelas  attacks  the  wound,  and  extends  into  the 
connective  tissue  of  the  pelvis,  the  inflammation  may  reach  the  reflection  of  peri- 
toneum passing  from  the  bladder  to  the  rectum.  Spreading  from  this  point,  it 
diffuses  itself  over  the  whole  extent  of  this  serous  membrane,  and  death  ensues. 
This  complication  is  rare,  but  I  have  witnessed  its  occurrence. 

Wounds  of  this  region  implicating  the  urinary  bladder  have  been  alluded  to 
above.  As  an  unusual  result  attending  the  operation  of  paracentesis  vesicae  by  the 
rectum  may  be  mentioned  emphysema,  extending  to  the  upper  parts  of  the  body.2 
This  complication  must  be,  however,  very  rare,  since  it  has  never  occurred  once  in 
numerous  operations  performed  in  Guy's  Hospital. 

Foreign  bodies  in  the  rectum  may  be  divided  into  two  classes  : 

1.  Those  composed  of  materials  which  have  passed  first  along  the  upper  part  of 
the  alimentary  canal. 

2.  Those  introduced  at  the  anus. 

1.  To  the  first  class  belong  small  bones,  or  pieces  of  bone ;  hard  bodies,  as  fruit 
stones,  which  may  or  may  not  be  covered  with  accumulations  of  fsecal  matter  ;  large 
bodies  composed  of  hardened  fiseces ;  and  concretions  of  substances  taken  as  medicine, 
such  as  masses  of  magnesia. 

The  indications  of  the  existence  of  such  foreign  bodies  as  above  described  are — 
pain  in  attempts  at  defecation  ;  a  sense  of  weight  and  fulness  at  the  anus,  as  of 
something  there  which  cannot  pass  the  orifice;  the  habitual  and  often-repeated 
passage  of  loose  mucous  stools,  occasionally  a  little  blood  ;  and  the  development  of 
external  haemorrhoids.    By  introducing  the  index-finger  a  hard  solid  mass  is  felt. 

Such  hard  masses  require  to  be  removed  with  care.  To  accomplish  this,  the 
bowel  must  be  well  lubricated  with  oil,  and  warm  water  injected  into  the  rectum. 
If  these  plans  fail  to  dislodge  the  irritating  cause,  mechanical  means  must  be  em- 
ployed, first  to  break  the  solid  body,  and  then  to  remove  it  piecemeal. 

2.  Foreign  bodies  introduced  per  anum  are  of  various  kinds.  The  patient 
probably,  being  always  aware  of  the  nature  of  the  body  so  impacted  above  the 
sphincter  ani,  will  be  able  to  assist  the  surgeon  who  has  to  extract  it,  by  giving 
some  account  of  its  structure  and  form.  The  surgeon  must  then  exercise  his  own 
ingenuity  in  regard  to  the  removal. 

John  Birkett. 


1  The  preparation  is  in  Guy's  Hospital  Museum. 

-  Two  cases  aro  related  in  the  Lancet,  January  1860,  p.  89. 
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THE  greater  number  of  these  injuries  present  no  special  characters  which 
distinguish  them  from  similar  injuries  occurring  in  other  parts  of  the  body ; 
hence  those  only  in  this  essay  are  fully  treated  of,  the  particulars  of  which  are 
influenced  by  the  anatomical  constitution  of  the  part  affected. 

Bruises  or  contusions  may  be  met  with  in  the  upper  extremity  in  every  variety 
of  severity,  but  call  for  no  especial  remark  on  their  nature  and  treatment.  The 
same  may  be  said  of  the  effects  of  intense  heat  and  cold,  burns,  scalds,  and  frost-bite. 
The  ends  of  the  fingers  are  liable  to  the  latter  affection  under  the  same  circumstances 
as  produce  it  elsewhere,  but,  as  a  general  rule,  are  not  so  readily  attacked  as  the 
corresponding  parts  of  the  lower  extremity. 

Sprains. 

Sprains  are  very  frequent  in  all  the  joints  of  the  upper  limb,  especially  in  the 
wrist  and  thumb.  The  bones  being  forcibly  bent  upon  one  another,  if  actual  dislo- 
cation be  not  produced,  a  severe  strain  of  the  ligaments,  often  attended  with  rupture 
of  some  of  their  fibres,  will  take  place.  This  is  not  unfrequently  followed  by 
inflammation,  sometimes  of  a  very  intractable  nature,  which  leaves  a  relaxed  and 
permanently  weakened  condition  of  the  part.  Neglect  in  the  early  period  of  the 
treatment  is  a  frequent  cause  of  the  trouble  to  which  such  injuries  afterwards  give 
rise.  The  continuous  application  of  ice  (for  which  the  caoutchouc  bags  recommended 
by  Esmarch  are  very  useful)  greatly  relieves  the  pain,  and  cuts  short  the  period  of 
acute  inflammation.  When  the  pain  has  abated,  uniform  compression  of  the  joint 
with  a  roller  or  adhesive  strapping  will  promote  the  subsidence  of  the  swelling,  and 
will  allow  the  patient  some  use  of  the  limb  sooner  than  would  be  safe  without  this 
support.  Stiffness,  so  troublesome  after  these  injuries,  is  best  overcome  by  passive 
movement,  shampooing,  and  friction  with  stimulating  liniments. 

The  muscles  are  sometimes  sprained.  After  violent  exertion,  as  rowing,  lifting 
heavy  weights,  &c,  some  particular  muscle,  or  group  of  muscles,  is  found  to  be 
swollen,  tender,  and  painful,  especially  when  any  movement  brings  it  into  action. 
Sudden,  inordinate,  and  ill-concerted  efforts  occasionally  produce  rupture  of  the 
mitscles,  either  entirely  or  in  part.  The  muscles  of  the  upper  extremity  in  which 
this  has  been  observed  are  the  pectoralis  major,  deltoid,  triceps,  and  more  frequently 
the  biceps. 

Immediate  more  or  less  complete  loss  of  function,  pain,  and  a  palpable  gap  in 
the  figure  of  the  muscle,  with  swollen  margins  and  ecchymosis,  betray  the  nature 
of  the  accident.  Repair  is  by  a  cicatrix  of  connective  substance,  and,  it  is  asserted, 
in  some  measure  by  the  production  of  new  muscular  tissue.  The  treatment  consists 
in  rest  and  the  use  of  the  ordinary  topical  measures  for  controlling  inflammation. 

Rupture  of  tendons  is  an  accident  about  which  much  has  been  written,  especially 
with  reference  to  the  long  tendon  of  the  biceps,  which  would  appear  to  be  especially 
obnoxious  to  this  injury.  In  many  recorded  instances  it  is  probable  that  the  tendon 
was  previously  weakened  by  changes  induced  by  chronic  rheumatoid  arthritis. 
Slipping  of  the  tendon  out  of  the  intertubercular  groove  in  certain  movements  of 
the  arm  has  been  exceptionally  observed.  The  arm  is  described  as  being  locked  in  a 
slightly  abducted  position.    When  the  scapula  is  fixed  and  the  tendon  relaxed  by 
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raising  the  arm,  slight  rotation  of  the  arm  will  disengage  the  tendon  from  the 
greater  or  lesser  tubercle,  over  which  it  may  have  caught,  and  set  the  arm  free.1  In 
the  opinion  of  Mr.  Callaway  2  the  reported  cases  of  dislocation  of  the  long  tendon 
of  the  biceps,  with  partial  displacement  of  the  head  of  the  humerus  upwards,3  are 
also  to  be  classed  as  the  effects  of  disease,  and  not  of  inj  ury ;  but  the  proof  of  this 
appears  to  me  not  quite  so  satisfactory  as  in  the  former  cases. 

Wounds. 

The  hand  and  arm  are  liable  to  every  kind  of  wound,  nearly  all  of  which  are 
amenable  to  the  ordinary  modes  of  treatment.  All  varieties  of  poisoned  wounds  are 
of  course  more  often  met  with  here  than  elsewhere,  though  their  frequency  is 
exaggerated,  in  consequence  of  whitlows  and  other  local  manifestations  of  peculiar 
constitutional  conditions  being  generally  attributed  by  the  sufferers  from  them  to 
such  an  origin.  When  suppuration  has  taken  place  in  the  hand  or  fingers,  the 
importance  of  early  and  free  evacuation  of  the  pus  cannot  be  too  strongly  insisted 
upon,  as  it  is  often  confined  beneath  the  dense  fasciae,  and  being  thus  prevented  from 
leaching  the  surface,  extends  along  the  course  of  the  tendons,  causing  extensive 
disorganisation  of  all  the  tissues,  and  frequently  terminating  in  sloughing  of  the 
tendons,  or  necrosis  of  some  of  the  phalangeal  bones. 

Needles  often  run  into,  and  break  off  in,  the  hand,  causing  sometimes  much 
trouble  in  extraction,  especially  if  the  piece  be  small,  and  have  jjenetrated  deeply 
into  fleshy  parts,  as  the  ball  of  the  thumb.  The  position  of  the  foreign  body  must 
be  ascertained  as  well  as  possible,  by  searching  for  the  wound  by  which  it  entered, 
and  by  carefully  feeling  for  its  ends  through  the  skin.  If  its  situation  can  be 
ascertained  with  tolerable  certainty  by  these  means,  it  must  be  cut  down  upon,  and 
drawn  out  with  the  forceps ;  but  care  must  be  taken  not  to  drive  it  farther  in  during 
the  attempt  at  extraction,  and  all  unnecessary  or  speculative  incisions  in  a  part  so 
well  supplied  with  nerves  and  muscles  as  the  palm  of  the  hand  must  be  avoided. 
Time  and  some  suffering  is  saved  to  the  patient,  if  it  can  be  found  and  extracted  at 
once  ;  but  if,  after  a  thorough  examination,  it  cannot  be  discovered,  we  must  wait 
until  it  shifts  its  situation  and  it  can  be  felt,  meanwhile  allaying  the  inflammation 
and  pain. 

Lacerated  wounds  of  the  hand  are  commonly  supposed  to  be  especially  liable  to 
be  followed  by  tetanus,  but  on  insufficient  grounds. 

In  incised  and  punctured  wounds  the  radial  or  ulnar  arteries  are  not  unfrequently 
divided  near  the  wrist ;  but  the  treatment  will  be  conducted  entirely  in  accordance 
with  the  general  principles  applicable  to  wounded  arteries.  See  Wounds  of 
Vessels,  p.  352. 

The  bleeding  from  wounds  of  the  deep  palmar  arch  is  apt  to  be  very  troublesome, 
on  account  of  the  difficulty  often  experienced  in  finding  the  divided  extremities  of  a 
vessel  placed  at  a  considerable  depth  from  the  surface,  close  to  the  bone,  and  in  a 
wound  which,  owing  to  its  anatomical  relations,  cannot  be  freely  enlarged.  There- 
fore, in  this  case  it  is  necessary  sometimes  to  depart  from  the  rule,  almost  universal 
elsewhere,  of  tying  the  vessel  at  the  seat  of  the  injury,  and  to  seek  some  other 
method  of  restraining  the  hemorrhage. 

If  the  hand  and  forearm  are  absolutely  fixed  with  a  splint  and  all  movements  of 
these  parts  prevented — a  precaution  which  should  never  be  omitted — a  very  slight 
degree  of  pressure,  if  exactly  applied,  will  usually  suffice  to  stay  the  bleeding. 

Extreme  flexion  of  the  elbow,  which  checks  the  flow  through  the  brachial  artery, 
is  preferred  by  some  surgeons.  The  patient  should,  if  possible,  be  kept  in  bed,  and 
the  hand  may  be  raised  high  above  the  level  of  the  rest  of  the  body.  If  secondary 
haemorrhage  come  on,  the  compress  must  be  taken  off,  the  wound  well  cleansed  from 

1  Billroth,  Attff.  Chir.  9e  Auf.  1880,  S.  277. 

2  Callaway,  Dissertation  upon  Dislocations  and  Fractures  of  the  Clavicle  and  Shoulder- 
joint,  p.  144. 

3  See  a  paper  by  J.  Soden.  jun.,  Med.- Chir.  Trans,  vol.  xxiv.  1841. 
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clots,  ifcc,  and  the  apparatus  readjusted.  Close  observation  of  each  case  alone  will 
teach  to  what  extent,  and  for  how  long,  pressure  may  be  applied  to  the  wound 
without  fear  of  producing  sloughing  of  the  tissues.  This  so  generally  occurs  when 
the  wound  has  been  plugged  with  compresses,  wetted  with  the  strong  acid  solutions 
of  the  persalts  of  iron  now  in  common  use,  that  the  practice  cannot  be  recommended. 
If  these  means  fail  to  stay  the  bleeding,  ligature  of  the  arteries  of  the  forearm  in 
their  lower  third,  or  of  the  brachial  a  little  below  the  middle,  must  be  adopted. 
Opinions  are  much  divided  as  to  which  is  the  preferable  operation.  Most  surgeons 
use  the  latter  only  as  a  last  resource,  while  others,  finding  that  if  both  radial  and 
ulnar  are  tied,  circulation  in  the  hand  is  still  maintained  by  the  interosseous  artery, 
which  is  secured  with  difficulty,  prefer  the  single  and  simpler  proceeding  of  at  once 
tying  the  brachial.  Our  experience,  drawn  from  the  observation  of  several  cases,  is 
in  favour  of  tying  the  radial  and  ulnar  arteries  just  above  the  wrist,  unless  the 
forearm  is  greatly  inflamed  and  swollen. 

Severe  lacerated  wounds,  with  or  without  fracture,  as  well  as  wounds  of  joints, 
should  be  treated  according  to  general  principles,  recollecting,  however,  that  such 
injuries  are  recovered  from  far  more  readily  in  the  upper  than  in  the  corresponding 
parts  of  the  lower  extremity.  Numerous  instances  of  most  severe  compound 
fractures  and  dislocations  implicating  the  elbow  or  wrist-joint,  which  at  first  sight 
appeared  hopeless,  have  by  careful  treatment  completely  recovered. 

Primary  amputation  is  very  rarely  required  in  cases  of  compound  fracture  or 
dislocation  involving  the  elbow-joint — never,  indeed,  unless  the  artery  be  torn 
through,  or  the  soft  parts  in  front  as  well  as  behind  the  joint  extensively  damaged. 
In  treating  such  injuries,  the  position  most  favourable  and  convenient  to  the  patient, 
that  of  semi- flexion,  should  be  adopted,  the  arm  being  fixed  immovably  on  a  splint, 
which  may  be  cut  away  opposite  the  wound,  so  as  to  allow  of  the  application  of  the 
dressings ;  and  the  fracture  or  dislocation  being  reduced  and  any  loose  fragments  of 
bone  removed,  the  wound  should  be  thoroughly  washed  with  a  solution  of  chloride 
of  zinc  or  carbolic  acid  ;  its  edges  should  be  brought  together  as  neatly  as  possible 
with  sutures.  Ice,  if  there  be  much  inflammatory  action,  is  useful.  The  treatment 
throughout  should  be  based  on  antiseptic  principles.  When  the  bones  are  much 
comminuted,  and  the  external  wound  is  small,  it  is  best  to  enlarge  it  freely,  and 
excise  the  injured  ends  of  the  bone,  as  much  less  constitutional  disturbance  follows 
cases  so  treated,  and  a  false  joint  with  a  very  considerable  amount  of  motion  will  be 
formed.1  Wounds  of  the  wrist-joint  should  be  similarly  treated,  the  forearm  and 
hand  being  fixed  upon  a  straight  splint. 

Compound  fractures  of  the  humerus,  if  attended  with  much  laceration  of  soft 
parts,  especially  lesion  of  the  artery  and  of  the  great  nervous  cords,  sometimes 
require  amputation  ;  but  the  forearm  when  similarly  injured  may  almost  always  be 
preserved. 

The  hand  is  very  frequently  the  subject  of  extensive  crushes,  often  requiring  the 
removal  of  one  or  more  of  the  fingers  or  of  the  whole  member.  The  necessity  of 
saving  as  much  as  possible  should  be  always  remembered.  The  loss  of  one  or  two 
fingers  is  not  of  great  moment,  except  in  some  peculiar  occupations;  but  the  thumb 
is  of  especial  importance,  and  if  only  a  single  finger  is  left  to  oppose  it,  great  use 
may  still  be  made  of  the  hand.  It  is  even  better  to  save  the  thumb  alone  or  a 
single  finger  than  to  sacrifice  the  whole  hand.  Although  everything  that  is  likely 
to  be  of  service  must  be  carefully  preserved,  the  opposite  error  must  be  avoided  of 
attempting  to  save,  at  a  great  sacrifice  of  time  to  the  patient,  a  severely  injured 
finger,  which,  although  it  may  ultimately  heal,  will  remain  permanently  stiff  or 
deformed,  and  which,  from  its  being  either  useless  or  positively  interfering  with  his 
employment,  may  eventually  have  to  be  removed.  Among  people  of  the  upper 
classes  of  life,  even  elegance  of  appearance  is  an  element  of  consideration.  On  the 
latter  account,  when  a  finger  has  to  be  removed  entire,  the  head  of  the  metacarpal 
bone,  although  uninjured,  is  often  taken  out  with  it,  so  that  the  remaining  fingers 

1  See  an  interesting  series  of  severe  injuries  to  the  elbow-joint,  in  London  and  Provincial 
Hospitals,  collected  by  Mr.  J.  Ilutcbiuson,  Medical  Times  and  Gazette,  185G,  vol.  ii. 
Vol.  I.  3  P 
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come  nearer  together,  and  the  loss  is  less  conspicuous  ;  but  with  working  people 
this  should  not  be  done,  as  to  them  a  broad  palm  is  often  an  advantage ;  and  the 
hand  is  weakened  by  the  division  of  the  transverse  ligament  which  connects  the 
heads  of  the  bones.  In  compound  dislocations  of  the  phalanges,  in  which  attempts 
at  reduction  have  been  unsuccessful,  it  is  better  to  remove  the  projecting  head  of  the 
displaced  bone,  then  to  bring  the  wound  together,  and  fix  the  finger  on  a  splint, 
trusting  to  the  formation  of  a  ligamentous  joint. 

Statistics  of  Fractures  and  Dislocations  of  the  Upper  Extremity. 

The  following  tables  show  nearly  every  case  which  presented  itself  during  two 
periods  of  sixteen  and  ten  years  at  a  hospital  so  situated  as  to  afford  a  fair  example 
of  the  ordinary  accidents  of  civil  life  in  this  country.  Some  few  cases  have  been  re- 
jected on  account  of  insufficiency  of  diagnosis,  or  omission  of  age  or  sex  from  the 
record,  and  doubtless  the  remainder  are  not  entirely  free  from  errors ;  such  errors, 
however,  correct  themselves  when  the  numbers  are  sufficiently  large.  In  one  class 
only  is  there  a  considerable  defect,  viz.  the  fractures  of  the  phalanges ;  many  cases 
that  are  vaguely  entered  in  the  hospital  books  as  'smashed'  or 'crushed'  fingers, 

Fractures  and  Dislocations  of  the  Bones  of  the  Upper  Extremity,  treated  at  the  Middlesex 
Hospital,  during  s'wteen  years  ending  June  30,  1867. 


A.  Fractures. 


Age 

Age 

Age 

Age 

Age 

Age 

Total 

0  to  5 

5  to  15 

m  t 

i  30 

30  to  45 

45  to  60 

Above  60 

Sex 

Sex 

ex 

Sex 

Se 

Sex 

Sex 

M. 
and 

M. 

F. 

M. 

F. 

St. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

F.  . 

Scapula 

5 

3 

3 

1 

'-' 1 1' 

11 

6 

7 

1 

1 

28 

11 

39 

Clavicle 

176 

171 

84 

47 

56 

26 

67 

33 

51 

33 

18 

10 

452 

320 

772 

t 

Upper  end  . 

1 

4 

7 

2 

5 

11 

5 

8 

4 

5 

8 

37 

23 

60 

r 

Shaft  . 

39 

22 

42 

17 

27 

18 

25 

16 

11 

16 

6 

15 

150 

104 

254 

hri 

Lower  end  . 

8 

4 

46 

3 

14 

2 

2 

2 

5 

1 

1 

1 

76 

13 

89 

Olecranon  . 

1 

7 

2 

23 

3 

14 

5 

8 

4 

4 

5 

57 

19 

76 

Ulna  (excluding 

olecranon) 

8 

7 

19 

1 

7 

6 

19 

10 

13 

10 

5 

68 

39 

107 

Radius  alone 

62 

64 

92 

19 

78 

45 

75 

57 

45 

123 

21 

87 

373 

395 

768 

Ulna  and  radius 

20 

17 

71 

11 

LB 

7 

8 

9 

9 

12 

4 

8 

127 

64 

191 

Carpal  bones 

1 

1 

1 

Metacarpal  bones 

1 

1 

10 

1 

62 

9 

50 

13 

15 

3 

3 

141 

27 

168 

Phalanges 

3 

2 

44 

7 

47 

8 

32 

13 

24 

5 

4 

1 

144 

36 

180 

Total 

324 

295 

425 

no 

335 

125 

315 

169 

196 

211 

69 

141 

1,654 

1,051 

2,705 

A.  Dislocations. 


Age 

Age 

A 

Age 

ACTe 

Total 

0  to  5 

5  to  15 

15  to  30 

30  to  45 

45  to  60 

Above  60 

Sex 

Sex 

Sex 

Sex 

Sex 

Sex 

Sex 

M. 

and 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

F. 

Clavicle  . 

1 

2 

1 

4 

2 

1 

2 

1 

2 

13 

3 

16 

Acromion  . 

1 

3 

3 

1 

3 

1 

10 

2 

12 

Humerus  . 

1 

2 

1 

1 

24 

9 

63 

21 

42 

34 

36 

28 

167 

95 

262 

Elbow 

1 

43 

5 

8 

3 

8 

3 

2 

61 

12 

73 

Thumb  . 

1 

11 

3 

18 

3 

23 

11 

15 

10 

3 

1 

70 

29 

99 

Phalanges  of 

fingers  . 

6 

2 

11 

3 

6 

11 

7 

7 

3 

3 

33 

26 

59 

Total 

2 

4 

64 

12 

68 

18 

105 

48 

71 

53 

44 

32 

354 

167 

521 

Fractures  and 

dislocations  . 

326 

299 

489 

122 

403 

143 

420 

217 

267 

264 

113 

173 

2,008 

1,218 

3.226 

STATISTICS  OF  FRACTURES  AND  DISLOCATIONS.  947 


Fractures  and  Dislocations  of  the  Upper  Extremity,  treated  at  the  Middlesex  Hospital,  during 

ten  years  ending  1879.1 

B.  Fractures. 


Age 
0  to  5 

Age 
5  to  15 

Age 
15  to  30 

ACTe 
30  to  45 

Age 
45  to  60 

Age 
Above  60 

Total 

Grand 
Total 

Sex 
M.  F. 

Sex 
M.  F. 

Sex 
M  F. 

Sex 
11.  F. 

Sex 
M.  F. 

Sex 
M.  F. 

Sex 
51.  F. 

es  ( Body  and  spin- 
^  J     ons  process 
g  J  Acromion  process 
»  I  Coracoid  process 
Clavicle  . 

2    Upper  end 
§  \  Shaft  . 
^3  |  Lower  end 

Ulna  (excluding  ole- 
cranon) . 
Olecranon 

Radius  (excluding 

lower  end) 
Radius,  lower  end  . 
Metacarpal  bones 
Phalanges 

Total 

— 

78 

13 

2 

6 
2 

16 

1 

1 

75 
2 
3 
2 

1 

20 
1 
1 
1 

— 

1 
47 

3 
26 
15 

10 

2 

18 
12 

2 
5 

— 

29 

2 
10 
1 

5 

11 

3 

1 

1 
1 

39 

8 
3 

o 

5 

23 
10 
25 
4 

17 

2 
1 

1 

2 

3 
7 
4 

37 

1 

3 

i 

28 

3 
19 
1 

2 
9 

13 
11 
14 

2 

110 

1 

21 

1 

5 
1 

4 

3 

6 
22 
7 
1 

72 

1 

3 
1 
33 

4 
6 

2 
8 

11 
14 

7 
2 

92 

— 
2 
23 

6 
6 
2 

5 
2 

21 

53 
5 
2 

13 

1 
11 

4 
4 

2 
8 
1 

44 

1 
1 

9 

3 
2 
1 

3 
1 

7 
28 

2 

•% 

4 

238 

11 

83 
21 

26 
30 

83 
55 
50 
13 

1 

3 
2 

174 

14 

28 
8 

19 

8 

68 
114 
17 

5 

10  19 
6) 

412 

25) 
1 1  \\  165 
29  j 

38l  83 

Si320 
67 
18 

118 

107 

141 

62 

121 

127 

56  623 

461 

1084 

Ratio  of  M.  and  F.,  nearly  10:7'4. 


B.  Dislocations. 


Age 

A  ge 

Age 

A 

Age 

A 

ge 

0  to  5 

to  15 

15  to  30 

30  to  45 

45  to  60 

Above  60 

Total 

Sex 

Sex 

Sex 

Sex 

Sex 

Sex 

St. 

M. 

F. 

M. 

F. 

St. 

F. 

M. 

F. 

St. 

F. 

M. 

F. 

M. 

F. 

and 
F. 

Clavicle 

2 

1 

1 

1 

3 

4 

Acromion 

2 

1 

1 

4 

Humerus 

1 

1 

1 

1 

32 

4 

18 

4 

20 

24 

11 

14 

83 

48 

113 

Elbow  .... 

1 

1 

16 

3 

5 

2 

2 

4 

1 

2 

1 

1 

26 

13 

39 

Thumb  .... 

1 

4 

8 

1 

8 

7 

5 

4 

26 

12 

38 

Phalanges  of  fingers 

4 

3 

5 

2 

4 

1 

16 

3 

19 

Total 

3 

2 

25 

4 

50 

9 

34 

18 

31 

32 

12 

15 

152 

79 

235 

without  specification  of  lesion  to  bone,  having  been  omitted  from  the  tables.  If  all 
these  were  added,  the  numbers  assigned  to  this  injury  would  be  considerably  in- 
creased. 

It  is  not  within  our  scope  to  discuss  all  the  inferences  that  might  be  derived 
from  the  study  of  these  figures.  A  few  general  observations  on  the  influence  of  sex 
and  age  upon  the  production  of  these  injuries  will,  however,  be  admissible. 

It  will  be  seen,  as  might  be  expected  from  the  difference  of  habits  and  occupa- 
tion, that  the  whole  number  of  males  exceeds  that  of  females,  the  ratio  being  that  of 
10  to  6-2  in  the  first,  and  10  to  7-4  in  the  second  table  ;  but  these  ratios  are  not 
constant  in  all  kinds  of  injury  and  all  periods  of  life.  During  infancy  there  are  200 
males  and  197  females  ;  so  that,  as  might  be  supposed,  in  this  period  the  liability  to 
these  accidents  is  the  same  in  both  sexes.  This  age  is  characterised  by  the  great 
frequency  of  fracture  of  the  clavicle,  more  than  half  of  the  entire  number  of  injuries 
belonging;  to  this  bone.  The  bones  of  the  forearm  and  humerus  follow  next  in 
order ;  but  fractures  of  the  olecranon,  metacarpus,  and  phalanges,  and  all  disloca- 
tions, are  almost  unknown.  .During  the  succeeding  ten  years  we  find  the  active 
disposition  of  boys  exposing  them  to  frequent  fractures  of  the  clavicle,  humerus,  and 
forearm,  and  to  dislocations  of  the  elbow-joint;  while  with  the  opposite  sex  such 

1  For  these  tables  I  am  indebted  to  my  colleague  Mr.  II.  Morris. — J.  W.  H. 

3  p  2 
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accidents  are  comparatively  less  frequent  than  at  any  other  period.  In  the  next 
period,  that  from  15  to  30  years,  the  males  exceed  the  females  in  the  propor- 
tion of  10  to  3-7  in  the  first,  and  10  to  3  in  the  second  table,  and  this  excess  steadily 
decreases,  till,  between  45  and  60,  the  sexes  figure  in  nearly  equal  numbers, 
and  beyond  that  age  the  liability  to  these  accidents  is  considerably  greater  among 
women  than  among  men,  this  preponderance  being  almost  entirely  owing  to  the 
great  frequency  among  the  former  of  fracture  of  a  particular  part  of  one  bone,  viz. 
the  lower  end  of  the  radius. 

Further  reference  to  the  numbers  in  the  table  will  be  found  under  the  head  of 
each  particular  injury. 

Fractures  of  the  Bones  of  the  Upper  Extremity. 

Fractures  of  the  Clavicle. 

The  clavicle  is  more  frequently  broken  than  any  other  bone  in  the  body,  the 
radius  excepted.  Although  met  with  at  all  ages,  this  accident  is  most  common  in 
infancy  and  early  childhood ;  nearly  one-half  of  the  entire  number  of  cases  recorded 
in  the  above  tables  occurred  before  the  completion  of  the  fifth  year. 

Up  to  this  period  its  relative  frequency  in  the  different  sexes  is  nearly  equal  j  at 
all  subsequent  ages  men  are  much  more  liable  to  it  than  women. 

Sometimes  the  fracture  is  caused  by  direct  application  of  force  to  the  bone ;  but 
much  more  commonly  it  is  due  to  indirect  violence,  as  falls  on  the  point  of  the 
shoulder,  or  on  the  hand  when  the  arm  is  outstretched ;  in  the  latter  case  the  shock 
is  transmitted  through  the  other  bones  to  this,  the  last  in  the  series,  which  being 
fixed  at  its  proximal  end  to  the  sternum,  must  give  way  under  a  sufficient  amount 
of  force.  Dr.  F.  H.  Hamilton  1  has  collected  six,  and  Gurlt  twenty  cases  of  fracture 
of  the  clavicle  from  muscular  action.2  The  last  author  has  also  brought  together 
seven  cases  of  intra-uterine  fracture  of  the  collar-bone  produced  by  external  violence.3 
In  October  1881  a  boatman  was  admitted  into  the  Middlesex  Hospital  whose  right 
collar-bone  had  snapped  as  he  was  in  the  act  of  stooping  to  pick  up  a  piece  of  sea-weed. 

The  bone  is  generally  broken  near  the  middle,  although  it  may  be  towards  the 
acromial,  or  more  rarely  the  sternal  extremity.  The  line  of  fracture  is  said  to  be 
usually  transverse,  but  very  obliquely  crosses  the  shaft  of  the  bone,  inclining  from 
within  upwards,  so  that  the  inner  fragment  overlaps  the  outer.  The  part  between 
the  two  curves  is  generally  the  weakest  part  of  the  bone,  and  hence  more  liable  to 
fracture.  When  the  clavicle  is  broken  near  its  middle,  the  inner  fragment  is 
usually  retained  in  its  place,  because  the  strong  ligaments  attached  to  its  sternal  end 
prevent  much  movement,  and  the  muscles  connected  with  it  nearly  counterbalance 
each  other.  There  is,  however,  a  slight  tendency  to  elevation  of  the  outer  end, 
which  in  cases  left  long  neglected  becomes  very  marked.  I  lately  saw  a  girl,  aged 
nine,  who  had  broken  her  clavicle  a  month  before,  and  had  had  no  treatment ;  the 
sternal  fragment  projected  upwards  at  an  angle  of  45°,  its  sharp  extremity  forming 
a  visible  prominence  in  the  side  of  the  neck.  The  other  fragment  was  fully  an  inch 
below  this,  and  connected  with  it  by  what  appeared  to  be  a  band  of  fibrous  tissue, 
passing  nearly  vertically  between  them.4  The  outer  fragment  usually  falls  below 
its  normal  position,  owing  to  the  weight  of  the  arm,  and  it  is  drawn  inwards  by  the 
muscles  passing  from  the  chest  to  the  shoulder  and  humerus,  the  outer  end  being 
turned  somewhat  forwards  ;  its  broken  end  is,  in  the  great  majority  of  cases,  placed 
beneath  that  of  the  sternal  fragment,  though  it  occasionally,  but  very  rarely,  is  found 
above  5  or  anterior  6  to  it.    If  the  fracture  is  oblique,  the  fragments  generally  ride, 

1  A  Practical  Treatise  on  Fractures  and  Dislocations,  p.  180.    Philadelphia,  1860. 

2  Gurlt,  Handbuch  der  Lehre  von  der  Knochenbruchen,  Th.  2,  S.  593  et  sqq. 

3  Gurlt,  lor.  cit.  Th.  2,  pp.  595-6. 

1  See  also  the  figure  at  p.  219  in  Dr.  11.  W.  Smith's  Treatise  on  Fractures  in  the  Vicinity 
of  Joints,  Sec.    Dublin,  1847. 

'  Malgaigne,  Traite  des  Fractures  el  des  Luxations,  tome  i.  p.  468.    Paris,  1847. 
6  Lonsdale,  Practical  Treatise  on  Fractures,  p.  208,  1838. 
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and  the  whole  bone  is  shortened.  The  diminution  in  length  of  clavicles  that  have 
united  after  oblique  fractures  is  sometimes  more  than  an  inch. 

The  signs  usually  presented  are  very  characteristic,  and  except  in  the  case  of 
young  fat  children,  there  is  rarely  much  difficulty  hi  the  diagnosis.  There  is  pain  at 
the  seat  of  injury  ;  the  patient  is  unable  to  lift  the  arm  to  the  head,  or  to  move  it 
extensively  forwards  or  backwards,  at  least  without  much  suffering;  his  neck  and 
head  are  usually  inclined  to  the  injured  side ;  while,  to  relieve  the  pain  caused  by 
the  displaced  fragments  of  bone,  he  will  often  support  the  elbow  with  the  opposite 
hand.  The  point  of  the  shoulder  falls  lower  than  the  other,  and  somewhat  forwards 
and  inwards,  its  distance  from  the  centre  of  the  sternum  being  diminished  in  pro- 
portion to  the  amount  of  riding  of  the  broken  fragments.  On  passing  the  finger 
along  the  upper  border  of  the  clavicle,  the  abrupt  projecting  end  of  the  inner 
fragment  and  the  depression  of  the  outer  one  are  easily  recognised,  and  manipulation 
will  prove  the  separation  of  the  fragments,  and  generally  produce  crepitus,  though 
the  latter  important  sign  is  sometimes  not  perceived  until  the  broken  ends  are 
brought  into  apposition  by  extending  and  drawing  back  the  shoulders.  The  dif- 
ferences in  position  of  the  bone  mentioned  above  will  of  course  produce  correspond- 
ing modifications  of  these  signs.  In  transverse  fractures,  the  amount  of  displace- 
ment is  often  inconsiderable  ;  but  pain,  loss  of  power,  mobility  of  the  fragments, 
and  crepitus  will  indicate  the  nature  of  the  injury. 

Fig.  140. — Extremely  Oblique  Fracture  of  the  Acromial  End  of  the  Clavicle.  (From 
a  preparation  in  the  Middlesex  Hospital  Museum  ;  Cat.  No.  i.  15,  d.) 


n,  under  surface  ;  b,  anterior  view. 

Fracture  of  the  sternal  extremity  of  the  clavicle  is  a  very  rare  accident.  Lons- 
dale,1 relating  the  case  of  a  child  3  years  old,  in  which  the  clavicle  was  fractured 
about  half  an  inch  from  the  sternum,  conjectures  that  such  cases  arise  from  separa- 
tion of  the  epiphysis.  This,  however,  clearly  cannot  be,  as  the  epiphysis  at  the 
sternal  end  of  the  clavicle  is  an  extremely  thin  plate  of  bone,  and  commencing  to 
ossify  at  about  the  age  of  18,  is  joined  to  the  bone  a  few  years  later;  if  then, 
such  an  injury  could  happen,  it  would  be  only  at  this  particular  period  of  life. 
Blandin  2  describes  a  case  in  which  the  clavicle  was  fractured  between  the  costo- 
clavicular and  sterno-clavicular  ligaments,  without  displacement ;  but  in  the  only 
two  specimens  of  similar  fracture  that  Malgaigne  3  could  find  in  the  Musee  Dupuy- 
tren,  the  external  fragment  was  displaced  considerably  downwards  and  forwards. 

In  two  examples  of  this  accident  which  occurred  at  the  Middlesex  Hospital  both 
patients  were  girls  under  10.  In  one  the  fracture,  produced  by  indirect  violence, 
was  about  half  an  inch  from  the  sternal  joint,  and  the  displacement  was  very  slight; 
in  the  other  the  fracture,  caused  by  direct  violence,  was  a  little  further  from  the 
sternal  joint  and  there  was  more  displacement.  In  a  third  case,  also  caused  by 
direct  violence,  the  displacement  was  inconsiderable. 

Fractures  of  the  acromial  extremity  of  the  clavicle  are  much  more  frequent  than 
the  last.  Of  the  412  cases  of  fracture  of  the  clavicle,  10  were  instances  of  fracture  of 
this  end.  R.  W.  Smith  4  has  shown,  from  examination  of  specimens  of  bones  after 
death,  that  the  outer  end  of  the  clavicle  may  be  broken,  either  between  the  conoid 


1  Op.  tiit.  p.  200. 

3  Op.  ext.  torn.  i.  p.  491. 


2  Gazette  des  Hdjritaux,  22  avril  1 845. 
4  Op.  cit.  p.  209. 
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and  trapezoid  portions  of  the  coraco-clavicular  ligament,  or  between  this  ligament 
and  the  acromio-clavicular  articulation.  In  the  former  situation  the  fracture  is  of 
comparatively  rare  occurrence,  and  attended  with  scarcely  any  displacement  of  either 
fragment  of  the  bone ;  in  the  latter,  on  the  contrary,  there  is  generally  a  consider- 
able amount  of  displacement  of  the  outer  fragment ;  its  inner  end  being  drawn 
upwards  and  outwards  by  the  action  of  the  clavicular  portion  of  the  trapezius 
muscle,  while  the  outer  or  articulating  surface  is  directed  downwards  and  inwards 
by  the  weight  of  the  arm  and  the  action  of  the  muscles  passing  from  the  chest  to 
the  shoulder.  This  displacement  is  sometimes  carried  so  far  that  in  some  of  the 
cases  examined  the  outer  fragment  had  united  to  the  other  at  a  right  angle.1  The 
inner  fragment  is  not  materially  altered  in  position,  unless  the  coraco-clavicular 
ligament  be  ruptured. 

An  incomplete  fracture  of  the  body  of  the  clavicle,  sometimes  attended  with  bending 
of  the  bone,  is  occasionally  met  with  in  children.    (See  Fractures,  p.  410.) 

Comminuted  fractures  of  the  clavicle  are  not  ^infrequently  the  result  of  direct 
violence,  and  are  easily  recognised  by  the  great  mobility  of  the  fragments. 

Fig.  141 — .An    extremely    Oblique   Com-     Fig.  142. — The  Upper  Surface  of  the  same 
minuted  Fracture  of  the  Acromial  End  preparation, 
of  the  Clavicle  ;  under  surface.    (From  a 


The  asterisk  points  to  the  acromio-clavicular  joint.  with  it. 

Compound  fractures  of  the  clavicle  are  extremely  rare;  and  notwithstanding  its 
vicinity  to  the  large  vessels  and  nerves  of  the  neck,  serious  complications  from 
implication  of  the  soft  parts  do  not  often  follow  fractures  of  this  bone.  In  1874  a 
girl,  aged  14  years,  was  admitted  into  the  Middlesex  Hospital  with  a  compound 
fracture  of  the  collar-bone  caused  by  a  wheel  passing  over  it. 

Among  the  severe  injuries  which  occasioned  the  death  of  the  late  Sir  Robert  Peel  was 
'  a  comminuted  fracture  of  the  left  clavicle,  below  which  a  swelling  as  large  as  the  hand 
could  cover,  and  which  pulsated  synchronously  with  the  contractions  of  the  auricles  of  the 
heart,  formed.'  This  was  evidently  the  result  of  a  wound  of  some  large  vein,  probably  the 
subclavian,  by  the  broken  ends  of  the  bone.  From  the  intense  pain  suffered,  it  was  also 
conjectured  that  somp  of  the  nerves  of  the  axillary  plexus  were  lacerated.2  In  the  Museum 
of  St.  George's  Hospital  is  a  specimen  in  which  the  fractured  end  of  the  bone  was  driven 
through  the  internal  jugular  vein.  The  patient,  a  boy  aged  13,  had  been  standing 
under  a  tree  in  a  storm,  and  was  struck  by  a  falling  branch.  Several  cases  are  also  on  record 
of  injury  to  the  brachial  plexus  of  nerves,  followed  by  paralysis  of  the  arm. 

Fracture  of  both  clavicles  in  the  same  subject  sometimes  occurs.  Malgaigne 
could  only  collect  five  cases.  A  man,  aged  47,  was  admitted  a  few  years  ago 
into  the  Middlesex  Hospital  with  ununited  fracture  of  both  clavicles,  occasioned 
by  the  same  injury.  Want  of  union  is  very  uncommon ;  in  this  case  it  was  probably 
owing  to  the  difficulty  of  restraining  the  motion  of  both  arms  at  the  same  time 
during  the  treatment;  as  a  general  rule,  no  bone  in  the  body  unites  more  readily. 
In  1867  a  young  girl  was  brought  to  the  Middlesex  Hospital  with  both  collar-bones 
and  some  ribs  broken.  She  was  kept  flat  on  her  back  in  bed  for  some  days,  and 
made  a  good  recovery. 

Treatment. — Although  the  indications  to  be  followed  in  the  treatment  of  frac- 

1  This  observation  is  corroborated  by  a  recent  specimen  exhibited  bv  Mr.  Canton  to  the 
Pathological  Society,  Nov.  6th,  1860.    Path.  Trans,  xii.  161.  2  Lancet,  July  6th,  1850. 
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tared  clavicle  are  plain  enough,  the  numerous  contrivances  that  have  been  invented 
for  the  purpose,  and  the  diversity  of  the  methods  adopted  in  different  countries  and 
by  different  surgeons,  are  sufficient  to  show  the  difficulties  that  are  practically  found 
in  carrying  them  out. 

The  most  certain  method  to  ensure  union  without  deformity  is  to  keep  the  patient 
lying  Hat  on  the  back  in  bed  until  the  fracture  has  united,  the  head  resting  on  a 
small  thin  pillow,  and  both  arms  confined  to  the  side  of  the  body.  This  plan  may 
be  adopted  in  the  case  of  young  ladies  who  wear  low  dresses,  and  in  whom  it  is 
consequently  particularly  desirable  to  preserve  the  symmetry  of  the  clavicles  ;  but 
men  and  boys  will  seldom  be  found  to  submit  to  the  confinement,  and  it  is  satisfac- 
tory to  know  that  the  amount  of  shortening  which  almost  invariably  follows  an 
oblique  fracture,  treated  in  the  usual  way,  will  rarely  interfere  in  any  appreciable 
degree  with  the  perfect  use  of  the  arm. 

Presuming  that  the  ordinary  displacement  has  occurred,  to  restore  the  outer  frag- 
ment to  its  normal  position  the  shoulder  must  be  drawn  outwards,  upwards,  and  back- 
wards. A  stout  wedge-shaped  pad,  with  the  broad  end  upwards,  is  placed  well  up  in  the 
axilla.  Then  the  elbow  is  brought  close  to  the  side,  and  the  forearm  laid  across  the  front 
of  the  chest,  the  hand  being  raised  towards  the  opposite  shoulder.  It  is  now  to  be  firmly 
bound  in  this  position  with  a  broad  calico  roller,  some  of  the  turns  of  which  are 
made  to  pass  beneath  the  elbow  and  over  the  opposite  shoulder,  so  as  to  act  as  a 
sling  and  raise  the  humerus.  The  bandages  should  be  secured  by  a  few  stitches.1 
Some  surgeons  advance  the  elbow,  others  think  that  it  should  be  directed  some- 
what backwards,  but  an  intermediate  position  is  more  generally  preferred.  Very 
frequently,  before  the  elbow  is  fixed,  a  figure-of-eight  bandage  is  placed  round  the 
shoulders,  and  tied  tightly  behind,  with  the  intention  of  drawing  backwards  the 
extremity  of  the  clavicle;  but  this  is  by  many,  and  with  much  justice,  objected  to, 
on  the  ground  that,  unless  put  on  with  very  great  care,  it  may  press  upon  the  inner 
end  of  the  distal  fragment  aud  push  it  behind  and  below  the  other,  thus  adding  to 
the  deformity  which  it  is  intended  to  prevent.  The  axillary  pad,  which  was  intro- 
duced by  Desault  as  a  fulcrum  by  which  the  clavicle  may  be  extended  when  the 
elbow  is  pressed  to  the  side,  is  now  generally  used  of  smaller  size  than  was  originally 
proposed,  and  is  discarded  altogether  by  some  surgeons,  on  account  of  its  liability  to 
compress  the  axillary  vessels  and  nerves.  The  apparatus  is  then  reduced  to  little 
more  than  a  sling  for  the  elbow.  Gordon,  who  believes  that  the  depression  of  the 
shoulder  is  apparent  rather  than  real,  deprecates  raising  the  humerus  by  slinging  up 
the  elbow,2  and  recommends  the  use  of  a  special  apparatus  contrived  by  himself. 

It  is  evident  from  these  differences  of  opinion,  that  in  the  management  of  frac- 
tured clavicle,  as  in  that  of  any  other  similar  injury,  no  one  rule  ought  to  be  followed. 
Careful  attention  to  the  peculiarities  of  the  individual  case  will  alone  suggest  the 
particulars  of  the  treatment  that  should  be  adopted ;  and  whatever  may  be  the 
apparatus  determined  upon,  it  should  be  frequently  examined,  in  order  to  be  sure 
that  the  intention  with  which  it  is  applied  is  really  being  carried  out,  and  that  no 
parts  of  it  have  become  loose  or  disarranged,  or,  on  the  other  hand,  are  unneces- 
sarily tight,  so  as  to  give  pain  or  chafe  the  skin. 

If  the  fracture  is  attended  with  complications,  or  if  both  clavicles  are  broken,  it 
is  advisable  to  confine  the  patient  to  bed. 

Union  usually  takes  place  in  about  three  weeks — in  young  subjects  even 
earlier. 

Fractures  of  the  Scapula. 

As  this  bone  is  not,  like  the  clavicle  or  other  long  bones  of  the  arm,  placed 
between  resisting  points,  it  is  not  often  affected  by  any  application  of  indirect 
violence ;  and  as  its  peculiar  conformation  and  protected  situation  afford  it  consider- 
able immunity  from  direct  injury,  it  is  very  rarely  broken.    The  statistics  of  the 

1  Bandages  stiffened  with  starch,  dextrine,  or  plaster  of  Paris  are  often  used  with  great 
advantage. 

2  Gordon,  On  Fractures  of  the  Lower  End  of  the  Radius  and  of  the  Clavicle,  p.  60. 
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Middlesex  Hospital  for  twenty-six  years  (Tables,  A.  B.  pp.  946-7)  give  1 -02  per  cent, 
as  the  relative  frequency  of  fractures  of  the  scapula,  which  agrees  closely  with  that 
given  by  Gurlt.  The  shape  of  the  scapula  is  so  very  irregular  that  fractures  occurring 
in  its  different  pai-ts  present  special  characters,  and  require  therefore  separate 
consideration. 

1.  Fracture  of  the  body  of  the  scapula  may  occur  in  combination  with  other 
injuries  when  the  trunk  is  severely  crushed,  as  by  the  fall  of  a  heavy  weight  upon 
it.  It  has  also  been  caused  by  a  blow  applied  directly,  the  passage  of  a  cart-wheel 
over  it,  or  a  fall  backwards  in  which  the  bone  is  struck  against  some  hard  substance 
such  as  the  corner  of  a  table. 

The  fracture  usually  runs  transversely  or  obliquely  across  the  flat  part  of  the  body 
of  the  bone  beneath  the  spine  ;  but  sometimes  it  extends  vertically  through  the  spine  or 
the  bone,  which  in  other  instances  is  variously  starred  or  comminuted.  An  incom- 
plete fracture  through  the  spine  alone,  or  one  of  the  margins,  appears  to  be  some- 
times met  with ;  and  occasionally 


Fig.  143. — Fracture  through  the  Glenoid  Cavity, 
running  into  the  body,  and  crossing  the  Spine 
of  the  Scapula  ;  with  Fracture  of  the  Acro- 
mion process.  (From  a  preparation  in  the 
Middlesex  Hospital  Museum  ;  Catalogue  i. 
No  history  is  attached.) 
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the  thin  central  portion  of  the  infra- 
spinous  fossa  is  fissured,  or  even 
deeply  indented,  while  the  borders, 
being   thicker  and  stronger,  have 
escaped  injury.    There  is  often  but 
little  displacement  of  the  fragments ; 
sometimes,  however,  one  or  the  other 
of  the  broken  edges  may  be  felt 
to   project.    In   a  man,  aged  43, 
lately  a  patient  at  the .  Middlesex 
Hospital,  the  body  of  the  scapula 
was   bi-oken   by    a   carriage- wheel 
passing  over  his  back ;  he  was  so  ex- 
tremely thin  that  the  nature  of  the 
injury  could    be  ascertained  with 
perfect  facility.   The  line  of  fracture 
extended  from  the  anterior  costa, 
one  inch  above  the  inferior  angle, 
upwards  and  backwards  to  the  pos- 
terior costa,  just  below  the  root  of 
the  spine.    The  triangular  portion 
thus  separated  was  drawn  directly 
upwards  under  the  other,  and  be- 
came united  there ;  so  that  the  sca- 
pula was  eventually  one  inch  shorter  than  the  other,  and  had  the  lower  end  deeply 
notched.   There  is  a  specimen  in  Guy's  Hospital  Museum  1  in  which  the  line  of 
fr  acture  is  almost  the  same,  but  the  inferior  fragment  has  united  on  the  dorsal  surface 
of  the  other.    The  different  direction  of  the  displacement  of  the  fragment  in  these 
instances  was  probably  communicated  to  it  at  the  moment  when  the  injury  was 
inflicted,  while  the  drawing  upwards  was  due  to  the  combined  action  of  the  muscles 
attached  to  it. 

Mobility  can  generally  be  detected  by  grasping  the  shoulder  and  upper  part  of 
the  scapula  with  one  hand,  and  the  lower  part  of  the  bone  near  the  inferior  angle 
with  the  other;  crepitus  will  also  be  obtained  in  this  manner,  or  by  placing  the 
hand  flat  upon  the  dorsum  of  the  scapula,  and  moving  the  humerus  in  various 
directions.  But  great  care  must  be  taken  not  to  mistake  that  pseudo-crepitus  which 
appears  to  be  caused  by  the  movement  of  the  tendons  over  the  shoulder-joint  for  a 
bony  crepitus ;  a  mistake  not  unfrequently  made  by  inexperienced  surgeons  when 
examining  injuries  about  the  shoulder.  Tn  muscular  and  fat  subjects,  and  where 
there  is  little  displacement,  the  diagnosis  of  these  fractures  is  often  attended  with 
difficulty,  but  in  others  the  signs  are  sufficiently  obvious.    Malgaigne  recommends 

1  No.  1,097;70. 
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that  in  making  the  examination  the  forearm  should  he  brought  behind  the  back 
and  the  hand  raised  as  much  as  possible,  as  by  these  means  the  inner  border  of  the 
scapula  will  be  rendered  prominent. 

Treatment. — The  fragments  having  been  reduced  as  completely  as  possible  by 
manipulation,  the  body  of  the  scapula  should  be  confined  by  a  shield  of  gutta- 
percha modelled  to  it,  or  by  a  broad  bandage  or  strips  of  adhesive  plaster.  The 
motions  of  the  arm  are  then  to  be  restrained  and  the  elbow  raised  by  supporting  it 
in  a  sling.  When  there  is  much  displacement,  it  is  difficult  to  keep  the  fragments 
in  good  apposition  by  the  application  of  compresses,  or  any  of  the  other  contrivances 
that  have  been  suggested  for  the  purpose;  but  in  most  cases  union  takes  place 
readily,  and  although  there  may  be  some  deformity,  the  arm  regains  its  proper 
motions. 

2.  Fracture  of  the  acromion  process. — The  acromion  process  being  the  most 
prominent  part  of  the  shoulder,  it  is  liable  to  be  broken  across  by  a  blow  from  above, 
in  falls  upon  the  shoulder,  and  also  perhaps  by  upward  pressure  of  the  head  of  the 
humerus  in  falls  on  the  elbow  or  hand.  The  frequency  of  this  accident  has  been 
overrated,  as  many  of  the  numerous  specimens  found  in  museums  of  what  appear  at 
first  sight  to  be  old  ununited  fractures  of  the  acromion  are  probably  examples  of 
non-union  of  the  epiphysis.1  There  seems  to  be  some  as  yet  unexplained  connection 
between  this  condition  and  the  disease  called  chronic  rheumatic  arthritis  of  the 
shoulder-joint,  as  they  are  often  found  associated.2  For  this  reason,  little  depen- 
dence can  be  placed  upon  the  statement,  founded  on  the  examination  of  such 
specimens,  that  after  fractured  acromion  the  union  is  always  of  a  ligamentous 
character. 

The  fracture  usually  extends  directly  across  the  process,  separating  a  larger  or 
smaller  portion  from  the  rest  of  the  bone.  Somet  imes  it  is  only  the  extreme  tip 
beyond  the  clavicular  articulation  which  is  broken  off.  Occasionally  there  is  no 
displacement,  the  detached  fragment  being  held  in  its  place  by  the  periosteum,  but 
generally  it  is  drawn  downwards  and  a  little  forwards  by  the  action  of  the  deltoid 
and  weight  of  the  arm. 

The  symptoms  are,  pain  in  the  injured  part,  with  loss  of  power  in  moving  the 
arm,  especially  upwards.  The  shoulder  lias  lost  somewhat  its  rounded  form,  its 
extremity  being  sunk.  On  passing  the  finger  along  the  spine  of  the  scapula  towards 
the  acromion,  a  sudden  depression  is  felt  at  the  seat  of  fracture,  and  mobility  of  the 
process  itself  can  be  perceived.  On  raising  the  arm  so  as  bring  the  fragments  in 
apposition,  all  the  abnormal  appearances  are  lost,  and  crepitus,  which  is  absent  as 
long  as  the  arm  hangs  down,  can  now  be  obtained. 

Treatment. — The  principal  indication  is  to  support  the  elbow,  so  that  the.  acro- 
mion may  be  raised  by  the  head  of  the  humerus ;  this  is  accomplished  by  a  sling, 
which  must  be  made  to  give  more  support  to  the  elbow  than  to  the  forearm,  allow- 
ing the  hand  to  drop.  More  perfect  apposition  can  be  obtained  if  a  pad  be  placed 
between  the  side  and  the  elbow,  so  as  to  keep  the  latter  away  from  the  body,  and 
inclined  a  little  backwards.  The  arm  should  then  be  fixed  by  a  roller  passed  round 
the  chest,  and  kept  in  this  position  for  about  four  weeks. 

3.  Fracture  of  the  coracoid  process  is  an  extremely  rare  accident,  and  only  pro- 
duced by  severe  direct  violence;  it  is  usually  accompanied  by  other  injuries;  as 
dislocation  of  the  humerus  in  the  cases  reported  by  South 3  and  Holmes,4  or  by 
fracture  of  other  parts  of  the  scapula.  If  the  coracoid  process  alone  is  broken  off, 
the  three  muscles  attached  to  its  extremity  would  tend  to  draw  it  downwards  and 
inwards ;  but  while  the  strong  coraco-clavicular  ligaments  remain  entire,  the  dis- 
placement cannot  be  very  great.  In  an  uncomplicated  case  there  is  no  alteration  in 
the  shape  of  the  shoulder,  the  principal  diagnostic  signs  being  crepitus  and  the 
mobility  of  the  fragment,  discovered  by  manipulation. 

Two  cases  of  fracture  of  this  process  have  come  under  my  own  notice.  In  both, 
the  fracture  was  caused  by  a  fall  forward  from  a  slight  height  with  the  arms 


1  F.  H.  Hamilton,  op.  at.  p.  211. 
3  Med.-C'hir.  Trans,  vol.  xxii.  p.  100. 


2  R.  Adams,  op.  cit.  p.  107. 
4  Ibid.  vol.  xli.  p.  447. 
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stretched  forward;  there  was  mobility  of  the  tip  of  the  process,  with  crepitus  and 
pain,  but  not  any  displacement. 

The  treatment  consists  in  supporting  the  arm  in  a  sling,  with  the  elbow  advanced 
upon  the  front  of  the  chest,  so  as  to  keep  the  muscles  inserted  into  the  process 
relaxed,  and  as  much  at  rest  as  possible. 

4.  Fractures  of  the  neck  of  the  scapula,  and  of  the  glenoid  fossa. — It  is  the  opinion 
of  most  modern  writers  on  surgery  that  simple  fracture  across  the  anatomical  neck 
of  the  scapula  never  occurs. 

There  is  no  specimen  exhibiting  it  in  any  of  the  museums  in  London.  Hamilton  says  that 
he  has  not  been  able  to  find  one  in  any  of  the  American  cabinets,  nor  could  Gurlt  find  one 
in  the  numerous  Continental  collections  he  visited.1  There  are  several  cases  on  record 
of  fracture  through  what  has  been  called  the  surgical  neck,  i.e.  the  narrow  part  of  the  bone, 
opposite  the  notch  in  the  superior  costa,  the  coracoid  process  being  included  in  the  separated 
portion.  In  all  of  those  with  which  I  am  acquainted  there  has  been  also  a  general  comminu- 
tion of  the  body  of  the  bone.  One  specimen  is  in  the  Museum  of  Guy's  Hospital ; 2  another, 
in  which  repair  has  taken  place,  in  the  Museum  of  the  Royal  College  of  Surgeons;  and  the 
well-known  case  reported  by  Du  Verney,3  where  the  injury  was  occasioned  by  a  fall  into  a 
stone  quarry,  forms  a  third  example.  The  three  cases  related  by  Sir  Astley  Cooper,  and 
various  others  which  have  appeared  more  recently  in  the  journals,  of  '  fracture  of  the  neck 
of  the  scapula,'  were  founded  only  on  diagnosis  made  during  li<e.  They  are,  therefore,  not 
entirely  to  be  relied  upon,  especially  as  it  has  been  shown  by  Malgaigne  that  most  of  the 
symptoms  usually  assigned  to  this  injury  might  be  produced  by  a  dislocation  of  the  humerus 
into  the  axilla,  with  fracture  of  a  portion  of  the  margin  of  the  glenoid  fossa. 

The  last-named  accident  is  not  very  uncommon  ;  the  inner  border  is  more  frequently  the 
seat  of  injury,  but  fractures  have  been  found  running  across  the  glenoid  fossa,  and  even 
splitting  it  up  into  several  portions.  In  a  case  which  I  believed  to  be  one  of  this  kind, 
admitted  June  25,  1860,  into  the  Middlesex  Hospital,  there  was  a  distinct  bony  crepitus 
accompanying  subcoracoid  dislocation  of  the  humerus.  The  latter  when  reduced  almost 
immediately  reappeared,  and  as  the  spasm  of  the  muscles  by  which  this  was  occasioned 
increased  after  every  reduction,  it  constantly  became  more  difficult  both  to  replace  the  bone 
and  when  replaced  to  keep  it  in  position.  The  patient  was  then  brought  completely  under 
the  influence  of  chloroform,  a  large  pad  fixed  in  the  axilla,  and  the  elbow  bound  close  to  the 
side  and  raised.  By  these  means  the  humerus  was  retained  perfectly  in  place,  and  no  sub- 
sequent difficulty  was  experienced  during  the  treatment.  At  the  end  of  three  weeks  the 
bandages  were  removed,  and  passive  motion  commenced  in  the  joint.  Gurlt  figures  two 
such  fractures.4 

Fractures  of  the  Humerus. 

The  fractures  to  which  this  bone  is  liable  may  be  conveniently  divided  into  three 
groups,  viz.  (A)  those  affecting  the  upper  extremity,  or  that  part  which  is  situated 
above  the  surgical  neck  of  the  bone;  (B)  those  of  the  shaft;  and  (0)  those  of  the 
lower  articular  extremity. 

The  injuries  belonging  to  the  first  group,  although  of  less  frequent  occurrence 
than  either  of  the  others,  demand  the  fullest  attention  of  the  surgeon,  as  they  present 
considerable  difficulties  both  of  diagnosis  and  treatment.  In  the  following  account 
of  them,  I  have  availed  myself  largely  of  the  valuable  essay  upon  the  subject  by  Dr. 
R.  W.  Smith,  of  Dublin.5 

A.  Fractures  of  the  upper  end  of  the  humerus  are  usually  produced  by  direct 
violence.  Sometimes,  however,  they  appear  to  have  been  caused  by  falls  upon  the 
elbow  or  hand.  The  point  at  which  the  fracture  occurs  may  be  (1)  the  anatomical  neck 
of  the  bone ;  (2)  the  line  of  junction  of  the  epiphysis  with  the  shaft,  i.e.  immediately 
below  the  tuberosities ;  or  (3)  a  little  lower  down,  at  that  part  of  the  bone  called 
the  surgical  neck.  A  fourth  form  of  fracture  in  this  neighbourhood  is  the  separa- 
tion of  the  greater  tuberosity  from  the  remainder  of  the  bone.  As  the  capsular 
ligament  of  the  scapulo-humeral  articulation  is  attached  just  below  the  anatomical 
neck,  the  first  of  these  fractures  is  intracapsular  ;  the  others  are  all  extracapsular ; 
an  important  distinction,  both  as  regards  their  symptoms  and  prognosis. 

1.  Fracture  at  the  anatomical  neck  of  the  humerus. — A  glance  at  the  form  of  this 

1  Gurlt,  Handbuch  der  Lehre  von  der  Knochenbr  lichen,  Th.  2,  S.  535. 

2  No.  1,097,85.  3  Traite  des  Maladies  des  Os,  1751,  torn.  i.  p.  227. 
4  Gurlt,  ibid.  S.  637.  5  Op.  cit.  chap.  iv.  p.  17G. 
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part  of  the  bone  will  be  sufficient  to  show  that  fracture  here  must  be  a  rare  accident ; 
yet  sufficiently  numerous  specimens  are  to  be  found  in  museums,  and  post-mortem 
examinations  are  on  record  to  establish  the  claims  of  this  injury  to  a  place  in 
surgical  pathology.  Displacement  of  the  separated  fragment  cannot  be  caused  by 
the  action  of  muscles,  as  none  are  inserted  into  it ;  but  not  unfrequently,  from  the 
violence  with  which  the  shaft  is  driven  against  it,  the  head,  lying  loose  in  the  cap- 
sule of  the  joint,  slips  off  the  shallow  glenoid  fossa,  is  forced  through  the  capsule 
into  the  axilla,  or  sometimes  is  even  turned  completely  round,  so  that  the  cartila- 
ginous surface  is  in  contact  with  the  fractured  end  of  the  lower  fragment.  Cases 
are  recorded  in  which  it  has  united  in  this  and  other  almost  equally  remarkable 
positions.1 

If  the  head  of  the  humerus  be  completely  separated,  we  might  expect  that  it 
would  remain  as  a  foreign  body  in  the  joint,  and  then  perish  from  want  of  nutrition, 
and  be  eliminated  by  suppurative  action,  unless  previously  removed  by  operation ; 

Fig.  144.— Fracture  through  the  Anatomical  Neck  of  the  Humerus.  (From  a  preparation 
in  the  Museum  of  the  Royal  College  of  Surgeons  ;  Catalogue  No.  2,933.  '  The  shaft  is 
drawn  forwards,  upwards,  and  inwards;  the  outer  surface  of  its  upper  end  is  united  by 
bridges  of  bone  to  the  broken  surface  of  the  head  and  neck,  and  the  anterior  fourth  of  the 
head  rests  in  a  cavity  on  the  top  of  the  .shaft.'    The  patient  was  a  woman  aged  77.) 


«,  anterior  view  ;  b,  posterior. 

but  Gurlt  has  been  unable  to  find  a  single  authenticated  instance  of  simple  fracture 
of  the  anatomical  neck  where  the  completely  separated  head  of  the  humerus  had 
become  a  sequestrum  and  had  been  thrown  out.2  Ligamentous  and  even  osseous 
union  has  been  met  with  in  some  cases ;  but  in  these  the  separation  has  probably 
not  been  entire,  portions  of  the  capsule  attached  to  the  upper  fragment  have  main- 
tained its  vitality.  The  reparative  action  is,  as  might  be  supposed,  chiefly  accom- 
plished by  the  lower  fragment,  which  often  throws  out  bony  spicula  to  such  an 
extent  as  to  form  a  complete  cup  surrounding  the  head.3  It  not  unfrequently  happens 
that  the  head  of  the  bone  is  impacted  in  the  cancellated  structure  of  the  thick  upper 
end  of  the  humerus,  between  the  tuberosities.  This  condition  is  far  more  favourable 
for  osseous  union  than  the  former,  though  of  course  it  must  occasion  some  permanent 
deformity  of  the  joint. 

The  signs  of  fracture  of  the  anatomical  neck  without  impaction  are  not  very 
obvious,  unless  the  head  of  the  bone  be  much  displaced  ;  in  fact,  pain  at  the  seat  of 

1  R.  W.  Smith,  op.  cit.  p.  194;  Malgaigne,  op.  cit.  tome  i.  p.  529;  Sir  A.  Cooper, 
Treatise  on  ])islocat,ions  and  on  Fractures  of  the  Joints,  edited  by  Bransby  Cooper,  1842, 
p.  417. 

2  Handbuch  der  Lehre  von  der  Knochenhrilchen,  Th.  2,  p.  745. 

3  Sir  A.  Cooper,  op.  cit.  p.  428  ;  R.  W.  Smith,  op.  cit.  p.  190. 
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injury,  some  impairment  of  motion,  and  crepitus,  with  absence  of  the  characteristic 
signs  of  other  fractures  in  this  neighbourhood,  are  the  only  evidences  to  be  depended 
on.  In  impacted  intracapsular  fracture,  according  to  R.  W.  Smith,  '  the  arm  is 
slightly  shortened,  the  acromion  process  projects  more  than  natural,  and  the  shoulder 
has  lost  to  a  certain  extent  its  rounded  form,  the  upper  extremity  of  the  shaft  of  the 
humerus  is  approximated  to  the  acromion,  and  the  entire  of  the  globular  head  of  the 
bone  cannot  be  felt.  In  consequence  of  the  fracture  of  the  tuberosity  (which  often 
accompanies  impaction  of  the  head  of  the  bone),  crepitus  can  be  readily  detected, 
when  the  shoulder  is  grasped  with  moderate  firmness  and  the  arm  rotated.' 

2.  Fracture  at  the,  line  of  junction  of  the  epiphysis. — As  the  large  epiphysis  at  the 
upper  end  of  the  humerus,  which  includes  the  head  and  the  two  tuberosities,  is 
usually  united  with  the  remainder  of  the  bone  at  the  age  of  twenty,  it  is  only  in 
youth  or  early  manhood  that  we  can  expect  to  meet  with  this  injury.  At  these 
periods  its  occurrence  is  not  unfrequent.  The  upper  fragment  remains  in  the  glenoid 
cavity,  the  superior  end  of  the  lower  one  is  drawn  inwards  by  the  action  of  the 
muscles  passing  from  the  chest  to  the  humerus,  forming  a  marked  projection  situated 
beneath  the  coracoid  process ;  but,  owing  to  the  breadth  of  the  bone  at  this  part,  it 
is  almost  impossible  that  the  two  broken  surfaces  should  leave  each  other  so  com- 
pletely as  to  cause  any  riding,  and  consequent  diminution  in  the  length  of  the  arm. 

The  following  are  the  signs  presented  by  this  injury  :  the  axis  of  the  humerus  is 
directed  upwards,  inwards,  and  forwards;  the  elbow,  however,  projects  but  little  from 
the  side ;  the  head  of  the  bone  can  be  distinctly  felt  in  the  glenoid  cavity,  and  it 
remains  motionless  when  the  shaft  is  rotated.  The  projection  above  spoken  of, 
formed  by  the  upper  end  of  the  diaphysis,  does  not  present  the  sharp  irregular  margin 
of  an  ordinary  fracture  ;  on  the  contrary,  it  feels  rounded,  and  its  superior  surface  is 
smooth  and  slightly  convex.  '  Ry  pressing  this  part  outwards,  and  directing  the 
elbow  inwards  during  extension  and  counter-extension,  crepitus  can  be  perceived,  and 
the  deformity  removed  without  much  difficulty ;  but  the  moment  the  parts  are 
abandoned  to  the  uncontrolled  action  of  the  muscles,  the  deformity  recurs  '  (Smith). 
The  same  author  observes,  that  '  there  is  no  fracture  incidental  to  the  upper  end 
of  the  humerus  in  which  it  is  more  difficult  to  maintain  the  fragments  in  their  proper 
relative  position.' 

3.  Fracture  of  the  surgical  neck  of  the  humerus. — This  is  the  most  common  of  all 
the  fractures  in  this  region.  The  part  of  the  bone  implicated  is  that  between  the 
tuberosities  and  the  insertion  of  the  pectoralis  major  and  latissimus  dorsi  muscles. 
The  line  of  fracture  is  generally  transverse,  but  it  may  be  oblique.  The  amount  of 
displacement  of  the  fragments  varies  considerably.  In  characteristic  examples  the 
vipper  fragment  is  tilted  upwards  and  outwards  by  the  action  of  the  muscles  inserted 
into  the  great  tuberosity,  the  lower  fragment  is  drawn  inwards  towards  the  axilla 
by  those  inserted  into  the  bicipital  groove,  while  the  various  muscles  which  pass 
from  the  scapula  to  the  humerus  tend  to  draw  it  upwards,  an  effect  which  will  be 
greatly  facilitated  if  the  line  of  fracture  is  oblique.  The  upper  end  of  the  lower 
fragment  has  occasionally  been  observed  to  project  anteriorly,  externally,  and  even 
posteriorly  1 — differences  depending  probably  upon  the  direction  of  the  line  of  fracture 
and  also  upon  the  direction  from  which  the  violence  causing  the  injury  proceeded. 
Impaction  of  the  broken  ends  frequently  occurs,  in  which  case  (contrary  to  what 
obtains  in  fracture  of  the  anatomical  neck)  the  lower  fragment  usually  penetrates 
into  the  cancellous  structure  of  the  superior. 

In  impacted  fracture  there  is  very  little  alteration  in  the  form  of  the  limb,  and 
the  signs  are  remarkably  obscure,  and  chiefly  of  a  negative  character.  The  usual 
signs  accompanying  non -impacted  fracture  are  as  follows.  There  is  no  flattening 
beneath  the  acromion,  the  head  of  the  bone  remaining  in  the  glenoid  cavity,  where 
it  can  be  felt  lying  motionless  when  the  arm  is  rotated  ;  the  prominence  caused  by 
the  upper  end  of  the  lower  fragment  can  also  be  readily  detected.  This  is  rendered 
more  distinct,  and  is  felt  to  move  with  the  rest  of  the  bone,  when  the  elbow  is  pushed 
up  and  rotated  ;  the  mobility  of  the  shaft  of  the  humerus  is  very  free,  and  crepitus 
distinct,  when  extension  is  made.  There  is  usually  much  pain  shooting  down  the 
1  Malgaigne,  op.  cit.  tome  i.  p.  516. 
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fingers,  from  the  irritation  of  the  axillary  plexus  of  nerves,  increased,  of  course,  by  all 
attempts  at  motion. 

Treatment  of fractures  of  the  neck  of  the  humerus. — The  treatn  ent  is  the  same  in 
principle  for  all  the  above  fractures  ;  its  details  will  be  guided,  to  a  great  extent,  by 
the  amount  and  nature  of  the  displacement. 

If  impaction  has  occurred,  it  is  very  undesirable  to  disengage  the  ends  of  the 
bone,  as  this  condition  greatly  facilitates  union,  especially  in  the  intracapsular  variety. 
The  arm  should  merely  be  bandaged  to  the  side,  the  forearm  supported  in  a  sling, 
the  swelling  and  inflammation  reduced  by  the  application  of  cold  lotions ;  and,  as 
K.  W.  Smith  observes, '  the  prudent  surgeon  will  never  omit  to  announce  to  the  patient 
that  a  certain  degree  of  impairment  of  the  motions  of  the  joint  will  be  a  permanent 
result  of  the  injury.' 

In  the  ordinary  fracture  of  the  surgical  neck,  the  method  usually  followed  (almost 
the  same  as  that  described  by  Sir  A.  Cooper)  is  to  place  a  pad  in  the  axilla  to  act 

Fig.  145. — Fracture  through  the  Surgical  Neck  of  the  Humerus.  (The  preparation  in  the 
Museum  of  the  Royal  College  of  Surgeons  was  removed  from  the  body  of  a  woman 
aged  79.  '  There  is  considerable  displacement  .  .  .  the  upper  part  of  the  shaft 
being  drawn  forwards,  and  its  lower  end  turned  backwards  and  outwards.  Union  by 
ligament  took  place,  and  some  new  bone  is  formed  around  the  ends  of  the  fractured  part.' 
The  patient  recovered  considerable  power  in  the  arm  ;  she  could  make  all  the  usual  under- 
hand movements,  but  could  not  raise  the  shoulder  or  upper  arm.    Catalogue  No.  2,934.) 


a,  front  view  ;  b,  back  view. 


upon  the  upper  end  of  the  shaft,  with  small  straight  wooden  splints  behind  and  in 
front,  or  a  single  one  on  the  outside  of  the  arm ;  to  bandage  the  elbow  to  the  side ;  and 
to  support  the  hand  in  a  sling,  letting  the  elbow  hang,  so  that  the  weight  of  the  arm 
may  tend  to  overcome  the  action  of  the  muscles  which  raise  the  lower  fragment.  A 
gutta-percha  cap,  moulded  to  the  shoulder,  and  extending  down  the  outside  of  the 
arm  nearly  to  the  elbow,  is  a  convenient  substitute  for  the  splints.  Another  plan, 
recommended  by  Erichsen,1  answers  well  in  some  cases ;  a  leather  splint,  about  two 
feet  long  by  six  inches  broad,  is  bent  upon  itself  in  the  middle,  so  that  one-half  of  it 
may  be  applied  lengthwise  to  the  chest,  and  the  other  half  to  the  inside  of  the  injured 
arm ;  the  angle  formed  by  the  bend,  which  should  be  somewhat  rounded  and  well 
padded,  being  pressed  up  into  the  axilla. 

Passive  motion  should  be  employed  as  soon  as  union  is  effected,  which,  according 
to  Sir  A.  Cooper,  is  in  about  one  month  in  youth,  but  requires  from  two  months  to 
twenty  weeks  in  old  age.  Malgaigne  allows  from  thirty  to  thirty-five  days  as  the 
period  at  which  passive  motion  should  be  commenced  in  ordinary  cases.    The  same 

1  Science  and  Art  of  Surgery,  3rd  edit.  p.  231. 
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author  also  gives  the  important  advice,  that  the  elbow,  wrist,  and  finger-joints  should 
be  kept  in  exercise  throughout  the  treatment,  as  by  this  means  some  of  the  stiffness 
which  always  follows  the  confinement  and  want  of  use  of  these  articulations  will  be 
obviated. 

4.  Fracture  of  the  greater  tuberosity  is  not  at  all  uncommon  in  connection  with 
dislocation  of  the  head  of  the  humerus  forwards,  when  the  detached  process  is  either 
drawn  backwards  by  the  action  of  the  three  muscles  inserted  into  it,  and  lies  in  the 
glenoid  fossa  of  the  scapula,  or  is  retained  in  connection  with  the  humerus  by  un- 
broken portions  of  the  periosteum  or  capsular  ligament.1 

This  fracture  has  been  said  to  occur  alone,  being  caused  either  by  direct  violence 
or  sudden  action  of  the  posterior  scapular  muscles.  R.  W.  Smith  has  given  a 
detailed  account  of  the  symptoms  and  pathology  of  this  accident,  as  observed  in  two 
cases,  in  one  of  which  a  post-mortem  examination  was  obtained.  In  both  of  these, 
however,  there  appears  to  me  to  have  been  an  actual  dislocation  of  the  head  of  the 
humerus,  beneath  the  coracoid  process,  which  must  be  looked  upon  as  the  primary 
abnormal  condition,  and  the  fracture  of  the  tuberosity  only  as  a  concurrent  circum- 
stance ;  unless,  indeed,  it  could  be  supposed  that  the  action  of  the  subscapulars  muscle, 
when  deprived  of  its  usual  antagonists,  could  be  sufficient  to  displace  the  humerus  to 
the  extent  indicated.2 

B.  Fractures  oj  the  shaft  of  the  humerus.- — The  humerus  is  broken  very  much 
more  frequently  in  some  part  of  its  shaft  than  in  either  extremity ;  the  seat  of  the 
fracture  being  more  often  below  than  above  the  middle  of  the  bone. 

The  common  causes  are  either  direct  violence  or  falls  on  the  hand  or  elbow.  It 
has  been  produced  by  muscular  action  alone,  generally  in  the  act  of  throwing  a  stone 
or  ball,  striking  a  blow,  or  suddenly  seizing  some  support  while  falling. 

The  line  of  fracture  is  usually  transverse,  but  it  may  be  oblique.  In  the  latter 
case  it  may  pass  in  any  direction,  though  perhaps  most  often  from  above,  downwards 
and  outwards.  Transverse  fractures  are  usually  attended  with  little  or  no  displace- 
ment ;  when  oblique,  the  position  of  the  fractured  extremities  is  determined  by  the 
direction  of  the  line  of  fracture.  The  principal  effect  of  muscular  action  is  to 
approximate  the  extremities  of  the  bone,  and  thus  produce  riding  of  the  fragments 
and  shortening  of  the  limb.  The  deltoid,  however,  tends  to  tilt  upwards  and 
outwards  that  part  of  the  humerus  into  which  it  is  inserted ;  hence  surgical  writers 
frequently  make  a  distinction  between  the  fractures  above,  and  those  below,  the 
insertion  of  this  muscle ;  in  the  former,  the  fractured  end  of  the  upper  fragment 
inclines  inwards,  and  that  of  the  lower  outwards  ;  in  the  latter  the  end  of  the  upper 
fragment  projects  outwards,  and  the  lower  inwards — a  distinction,  however,  of  not 
much  practical  importance.  Shortening  of  the  limb  does  not  generally  take  place 
to  any  great  extent,  as  the  actions  of  the  muscles  have  a  counterpoise  in  the  weight 
of  the  lower  part  of  the  arm. 

The  signs  of  fracture  of  the  shaft  of  the  humerus  are  obvious.  There  is  pain, 
loss  of  power  in  the  arm,  and  usually  some  deformity  ;  and  as  the  two  portions  can 
easily  be  grasped  separately,  their  mobility  is  readily  ascertained,  and  crepitus 
produced.  Simple  fractures  without  displacement  generally  unite  favourably ;  yet 
there  is  no  bone  more  subject  to  ununited  fracture,  and  the  formation  of  false  joint, 
than  the  humerus.  Twenty-five  to  thirty  days  are  usually  required  to  effect  con- 
solidation in  young  subjects,  and  thirty-five  to  forty  in  adults.  (Malgaigne.) 

Treatment. — In  ordinary  cases,  after  the  fractured  ends  are  brought  into  appo- 
sition, by  extension  if  necessary,  four  small,  straight,  well-padded  wooden  splints 
should  be  applied,  one  on  each  side  of  the  humerus ;  the  elbow  bent  at  a  right  angle, 
and  allowed  to  hang  down,  while  the  hand  is  supported  in  a  sling.  The  splints 
should  be  so  narrow  as  not  to  overlap  each  other,  and  must  be  confined  in  their 
place  by  straps  and  buckles,  or  broad  strips  of  adhesive  plaster.    The  starched 

1  See  page  975. 

2  Malgaigne  does  not  recognise  '  fracture  of  the  greater  tuberosity  '  as  a  distinct  injury, 
and  cites  Smith's  cases  as  examples  of  true  '  intracoracoid '  luxation  of  the  humerus.  Op. 
cit.  toaie  ii.  p.  518. 
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bandage  or  gutta-percha  will  often  be  found  a  useful  substitute.  If  the  fracture  is 
very  oblique,  and  attended  with  much  displacement  from  muscular  action,  although 
the  weight  of  the  arm  aids  us  somewhat,  some  further  permanent  extension  is 
frequently  required,  in  order  to  avoid  deformity  of  the  limb.  Much  may  be  done 
by  careful  management  of  the  splints  and  pads,  arranging  them  so  as  to  press  the 
projecting  parts  into  place ;  something  also  may  be  accomplished  in  the  way  of 
extension  by  the  splint  on  the  inside  of  the  arm  (ihe  top  of  which  is  well  padded) 
being  made  to  press  into  the  axilla  on  the  one  hand,  and  against  the  upper  edge  of 
the  inner  condyle  on  the  other ;  this  plan,  however,  must  be  regulated  with  care, 
otherwise  the  pressure  of  the  upper  end  upon  the  axillary  veins  is  apt  to  cause  the 
arm  to  swell.  Unfortunately  all  the  mechanical  contrivances  which  have  hitherto 
been  invented  for  the  purpose  of  effecting  extension  are  more  or  less  open  to 
objections,  and  have  fallen  into  disuse  almost  as  soon  as  they  have  been  made  public. 

C.  Fractures  of  the  lower  end  of  the  humerus. — While  fractures  of  the  shaft  of 
the  humerus  are  met  with  in  not  very  dissimilar'  proportions  in  both  sexes,  and  at 
all  ages,  those  of  the  class  now  under  consideration  occur  chiefly  in  young  persons, 
in  whom  also  dislocations  at  the  elbow-joint  are  most  frequent. 

The  fractures  of  this  part  of  the  bone  may  be  divided,  as  in  the  upper  end,  into 
those  that  are  external  to  the  joint,  and  those  which  implicate  the  synovial  mem- 
brane. To  the  first  class  belong  fracture  of  the  humerus  just  above  the  condyles  ; 
separation  of  the  lower  epiphysis  ;  and  fracture  of  the  projecting  point  of  the  internal 
condyle  (called  by  the  French  the  '  epitrochlea,'  by  Hamilton  '  internal  epicondyle  '). 
In  the  second  division  are — transverse  fracture  of  the  lower  end  of  the  humerus  with 
a  vertical  fisSure  extending  through  the  lower  fragment,  so  that  the  condyles  are 
separated  both  from  each  other  and  from  the  shaft ;  and  an  oblique  fracture  sepa- 
rating one  or  other  of  the  condyles,  with  a  contiguous  portion  of  the  articular  surface, 
from  the  rest  of  the  bone. 

1.  Fracture  across  the  shaft  of  the  humerus  at  its  lower  end  ('fracture  sus- 
condylienne,'  Malgaigne),  immediately  above  the  condyles,  where  it  is  expanded 
laterally,  and  is  very  thin  in  the  antero-posterior  direction,  is  not  an  uncommon 
accident  at  any  age,  although  in  childhood  and  youth  a  separation  of  the  lower 
articular  epiphysis  will  be  more  likely  to  occur  under  the  circumstances  which  would 
occasion  this  injury.  The  most  common  cause  of  this,  as  well  as  of  all  the  other 
fractures  in  this  situation,  is  a  fall  upon  the  elbow  while  bent.  The  line  of  fracture 
is  sometimes  transverse,  though  more  often  oblique  from  before  upwards ;  but  it  may 
run  in  the  reverse  direction,  or  even  slant  laterally. 

The  nature  and  amount  of  deformity  are  determined  by  the  direction  of  the  line 
of  fracture,  and  also  sometimes  by  the  mode  in  which  the  injury  is  inflicted.  The 
powerful  action  of  the  muscles  passing  from  the  upper  arm  to  the  forearm  usually 
causes  a  great  tendency  to  shortening  and  riding  of  the  fragments.  In  most  cases 
the  lower  one  is  drawn  backwards  and  upwards  by  the  triceps,  producing  an  appear- 
ance similar  to  that  caused  by  dislocation  of  both  bones  of  the  forearm  backwards. 
The  olecranon  projects  unnatm-ally,  there  is  a  hollow  above  it,  and  corresponding  to 
this  in  front  of  the  arm  a  prominence  formed  by  the  lower  end  of  the  shaft  of  the 
humerus.  The  motions  of  the  elbow  and  forearm  are  more  or  less  impaired,  though 
there  is  not  that  absolute  immobility  that  is  met  with  in  dislocation.  As  a  mode  of 
distinction  between  this  fracture  and  dislocation  of  the  forearm,  Sir  A.  Cooper  gives 
'  the  removal  of  all  marks  of  dislocation  on  extension,  and  their  return  as  soon  as 
extension  is  discontinued,'  as  well  as  the  crepitus  detected  on  rotating  the  forearm 
upon  the  elbow  ;  but  as  fracture  of  the  coronoid  process  might  produce  signs  similar 
to  these,  the  following  diagnostic  characters,  dependent  upon  the  fact  of  the  condyles 
and  articular  portion  of  the  humerus  being  displaced  with  the  bones  of  the  forearm, 
are  important :  '  The  projection  of  the  olecranon  posteriorly  is  not  more  distant  from 
the  condyles  of  the  humerus  than  in  the  natural  condition,  if  there  is  fracture,  but 
it  is  much  more  so  in  dislocation  ;  also  in  fracture  the  anterior  projection  is  not  so 
broad  and  rounded,  and  is  above  the  fold  of  the  elbow,  while  in  luxation  it  is  much 
below  it.    It  may  be  added  that,  in  measuring  the  arm  from  the  acromion  to  the 
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prominence  of  the  internal  condyle,  a  shortening  will  be  found  in  Fracture  which 
does  not  exist  in  luxation  '  (Malgaigne). 

Treatment. —  Extension  made  by  grasping  the  humerus  with  one  hand,  and  the 
forearm  with  the  other,  will  in  general  suffice  to  bring  the  fragments  into  proper- 
apposition.  To  retain  them  so,  the  elbow  should  be  fixed  at  a  right  angle  on  a  jointed 
wooden  splint,  or,  what  is  more  convenient,  a  gutta-percha  splint  moulded  to  the 
parts  while  they  are  in  good  position,  and  extending  along  the  posterior  surface  of 
the  upper  arm,  behind  the  elbow,  and  under  the  forearm  and  hand,  so  as  to  give 


good  support  to  the  latter 

Fig.  146. — Comminuted  Frac- 
ture of  the  Lower  End  of 
the  Humerus,  extending 
into  the  Elbow-joint. 
(From  a  preparation  in  the 
Middlesex  Hospital  Mu- 
seum ;  Catalogue  No.  i. 
23,  D.  The  patient,  a  man 
aged  40,  fell  from  a 
considerable  height,  and 
sustained  this  and  other 
serious  injuries,  which 
proved  fatal.) 


In  addition  to  this,  a  small  straight  wooden  splint 
should  be  fixed  in  front  of  the  arm,  its  lower  extremity 
resting  on  a  pad  placed  over  the  projecting  end  of  the 
shaft  of  the  humerus,  and  firmly  strapped  to  the  larger 
splint.  This  arrangement  may  of  course  be  varied, 
according  to  the  inclination  of  the  displacement  of  the 
fractured  portions  of  bone.  Passive  motion  should  be 
commenced  in  about  three  weeks,  otherwise  the  elbow- 
joint  will  become  rigid. 

A  larger  or  smaller  portion  of  the  inner  condyle 
(epitrochlea)  may  be  broken  off  without  implicating  the 
articular  end  of  the  bone.  Attention  was  first  directed 
to  this  injury  by  Granger.1  It  may  be  occasioned  by 
muscular'  action,  or  more  commonly  by  direct  falls  upon 
the  inner  side  of  the  elbow.  The  detached  portion  is 
usually  drawn  somewhat  downwards  by  the  action  of 
the  muscles  arising  from  it.  Impairment  of  the  motion 
of  the  limb,  the  mobility  of  the  fragment,  and  the 
crepitus,  will  suffice  to  distinguish  the  nature  of  the 
accident,  unless  the  swelling  is  very  great.  A  compli- 
cation sometimes  arises  from  injury  to  the  ulnar  nerve. 
In  the  treatment,  the  elbow,  as  well  as  the  wrist  and 
ringers,  should  be  semiflexed,  so  as  to  relax  the  muscles 
which  arise  from  the  inner  condyle.  The  injured  frag- 
ment can  seldom  be  retained  perfectly  in  place  ;  but 
though  some  deformity  may  remain,  the  movements  of 
the  elbow  are  generally  but  little  interfered  with.  Pas- 
sive motion  should  be  resorted  to  early. 

2.  The  fractures  of  the  lower  end  of  the  humerus 
through  its  articular  surface  are  of  a  more  serious  cha- 
racter, as  they  are  necessarily  attended  with  more  or  less 
inflammation  of  the  joint,  and  are  consequently  almost 
always  followed  by  some  permanent  impairment  in  the 
movements  of  the  elbow.  If  the  great  swelling  which 
frequently  comes  on  after  these  injuries  should  mask  the 
nature  of  the  fracture,  it  will  be  best  to  keep  the  arm  at 
rest,  laying  it  on  a  pillow,  if  the  patient  can  be  kept  in 
bed,  or  lightly  confined  by  an  angular  splint,  and  treated 
with  evaporating  lotions,  and  other  antiphlogistic  mea- 
sures, as  the  case  may  demand,  until,  by  the  subsidence 
of  the  inflammatory  action  and  swelling,  the  exact  seat  of  the  injury  will  become 
apparent. 

The  symptoms  of  these  injuries  somewhat  resemble  those  of  a  fracture  across 
the  lower  end  of  the  shaft  of  the  humerus.  The  separation  of  the  condyles 
from  each  other  may  be  ascertained  by  grasping  and  moving  them  backwards  and 
forwards,  when,  unless  the  swelling  and  effusion  into  the  joint  are  very  great,  crepitus 
will  be  obtained. 

A  single  fracture,  extending  obliquely  from  either  the  outer  or  inner  side  of 
1  Edin.  Med.  and  Sury.  Journal,  vol.  xiv.  p.  1 HG. 
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the  humerus,  just  above  the  condylar  projection,  downwards  into  the  joint,  and 
displacing  more  or  less  of  the  articular  surface  of  the  bone  with  the  condyle,  is 
commonly  spoken  of  as  fracture  of  the  outer  or  inner  condyle,  as  the  case  may  be. 
Of  these,  according  to  Malgaigne,  the  former  is  most  common ;  but  my  experience 
decidedly  leads  me  to  agree  with  South  1  and  others,  that  the  latter  is  most  frequently 
met  with. 

The  amount  of  displacement  depends  upon  the  size  of  the  piece  broken  off,  and 
the  continuity  of  its  ligamentous  connections.  If  these  remain  tolerably  intact, 
scarcely  any  deformity  ensues.  The  best  diagnostic  sign  is  obtained  by  grasping 
the  projection  of  the  injured  condyle  between  the  finger  and  thumb,  when  it  will  be 
found  to  move  separately  from  the  rest  of  the  bone ;  crepitus  will  also  be  usually 
produced  in  this  way,  as  well  as  by  rotating  the  radius,  if  it  be  the  external,  or  by 
flexing  and  extending  the  rdna,  if  it  be  the  internal  condyle. 

In  the  treatment  of  the  above  injuries,  the  elbow  should  be  bent  at  a  right  angle, 
and  fixed  by  a  jointed  splint,  or  the  gutta-percha  apparatus  recommended  above  for 
fractures  of  the  lower  end  of  the  shaft  of  the  humerus.  Sir  A.  Cooper  advises  that 
passive  motion  should  be  commenced  at  the  expiration  of  three  weeks  after  the 
accident  in  the  child,  and  at  a  month  in  the  adult.  This  practice  has  been  followed 
by  most  English  surgeons.  Malgaigne  begins  to  move  the  joint  on  the  twentieth 
day.  The  following  rules,  given  by  Dr.  F.  H.  Hamilton,  deserve  consideration  : 
'  Within  seven  days,  and  perhaps  earlier,  passive  motion  must  be  commenced,  and 
perseveringly  employed  from  day  to  day,  until  the  cure  is  accomplished  ;  indeed,  in 
a  majority  of  cases,  it  is  better  not  to  resume  the  use  of  splints  after  this  period  ; 
for  although  at  this  time  no  bony  union  has  taken  place,  yet  the  effusions  have 
somewhat  steadied  the  fragments,  and  the  danger  of  displacement  is  lessened,  while 
the  prevention  of  anchylosis  demands  very  early  and  continued  motion.' 2- 

For  the  treatment  of  compound  fractures  of  the  elbow-joint,  see  p.  945. 

Fractures  of  the  Bones  of  the  Forearm. 

A.  In  the  vicinity  of  the  elbow-joint. — 1.  Fracture  of  the  olecranon. — This 
injury  is  much  more  frequently  met  with  in  men  than  in  women,  and  principally 
during  middle  life.  Before  the  age  of  fifteen  it  is  almost  unknown.  In  the  table 
at  p.  946,  its  relative  frequency  is  3"  17  per  cent.  It  is  generally  caused  by  a  fall 
upon  the  back  of  the  elbow  when  bent,  or  by  a  direct  blow  ;  but  a  sudden  contrac- 
tion of  the  triceps  muscle  has  been  said  to  produce  it.  The  portion  that  is  separated 
varies  in  extent  from  a  mere  shell  of  bone  to  the  whole  of  the  process.  The  frag- 
ment may  be  retained  in  its  place  by  its  strong  ligamentous  connections  and  peri- 
osteum, but  it  is  more  frequently  drawn  away  from  the  remainder  of  the  bone  by  the 
action  of  the  triceps,  to  the  extent  of  from  half  an  inch  to  an  inch  and  a  half  ■  the 
interval  being  increased  when  the  arm  is  bent.  The  power  of  motion  in  the  arm, 
especially  of  extension,  is  very  much  impaired.  If  the  fragment  is  separated,  the 
diagnosis  is  usually  made  without  difficulty.  On  tracing  the  subcutaneous  border 
of  the  ulna  backwards,  a  distinct  depression  is  felt  at  the  elbow,  above  which  the 
detached  olecranon,  easily  movable  from  side  to  side,  can  be  felt.  Crepitus  cannot 
be  produced  unless,  on  extending  the  forearm,  the  fractured  surfaces  can  be  brought 
into  contact  with  one  another. 

The  fragment  unites  usually  by  ligament  only  ;  but  perfect  osseous  union  does  occasionally 
occur,  of  which  we  have  proof  in  a  case  recorded  by  Mr.  F.  D.  Fletcher,  of  a  boy,  aged  16, 
who  fractured  both  olecranons,  and  whose  death  ten  months  afterwards  afforded  an  opportunity 
of  examining  the  state  of  the  injured  parts.    The  displacement  had  not  been  very  great.3 

Treatment. — The  main  indication  is  to  keep  the  triceps  relaxed;  the  next,  to 
endeavour  by  mechanical  means  to  maintain  the  detached  portion  in  its  normal 
situation.    To  effect  the  former,  the  arm  is  to  be  kept  extended.    The  flexed  position 


1  Translation  of  Chelius's  Surgery,  vol.  i.  p.  557.  2  Op.  cit.  p.  262. 

3  Medical  Times  and  Gazette,  1851,  vol.  ii.  p.  173. 
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of  the  elbow,  used  in  all  other  fractures  about  the  joint,  is  quite  inadmissible  in 
fractures  of  the  olecranon.  Generally,  a  straight  wooden  splint,  well  padded,  is 
fixed  along  the  front  of  the  arm ;  but  gutta-percha  not  only  has  the  advantage  of 
accurately  adapting  itself  to  all  the  inequalities  in  the  form  of  the  limb,  but  also, 
owing  to  its  possessing  a  slight  degree  of  elasticity,  is  more  comfortable.  It  should 
extend  from  the  upper  pait  of  the  arm  to  the  wrist,  and  be  fixed  by  two  or  three 
bands  of  adhesive  plaster.  To  fulfil  the  second  indication,  which  is  only  necessary 
when  the  displacement  is  great,  a  roller  should  be  placed  upon  the  arm,  from  the 
fingers  upwards,  and  where  it  comes  to  the  elbow,  it  may  be  made,  by  a  figure-of- 
eight  arrangement,  to  press  the  top  of  the  olecranon  downwards.  Sir  A.  Cooper 
recommends  that  a  piece  of  linen  bandage  be  placed  longitudinally  on  each  side  of 
the  joint ;  over  these,  wetted  rollers  are  to  be  applied  round  the  arm,  one  above  and 
another  below  the  elbow  ;  the  extremities  of  the  linen  are  then  to  be  doubled  down 
over  the  rollers,  and  tightly  tied,  so  as  to  cause  their  approximation.  In  a  month 
the  splint  should  be  removed,  and  passive  motion  commenced,  but  with  great  caution, 
as  bending  the  elbow  necessarily  puts  the  newly-united  part  on  the  stretch. 

As  this  fracture  usually  extends  into  the  joint,  and  is  in  most  cases  occasioned 
by  direct  violence,  some  inflammation  of  the  synovial  membrane  will  necessarily 
take  place.  Too  great  action  should,  however,  be  guarded  against,  by  the  usual 
antiphlogistic  treatment ;  and  if  it  proceeds  to  such  an  extent  as  to  threaten  anchy- 
losis, the  extended  condition  of  the  arm  should  be  relaxed,  so  that  the  elbow  may 
become  fixed  in  the  position  most  convenient  and  useful  to  the  patient. 

2.  Fracture  of  the  coronoid  process  of  the  ulna  is  said  to  occur  in  connection 
with  dislocation  of  the  radius  and  ulna  backwards,  and  also  to  be  sometimes  met 
with  without  that  complication. 

The  cases  that  have  been  reported  iD  which  it  has  been  observed  in  the  living  subject 
are  all  more  or  less  unsatisfactory,  and  have  differed  considerably  in  the  symptoms  which 
they  presented.  I  have  been  able  to  meet  with  but  three  or  four  specimens  and  recorded 
post-mortem  examinations  of  this  injury;  one  of  the  former  is  in  the  Museum  of  Guy's 
Hospital.1  Another  case  is  that  of  a  man  killed  by  a  fall  from  the  roof  of  St.  George's 
Hospital,  in  whom  the  coronoid  processes  were  found  to  be  fractm-ed,  and  the  two  bones  of 
the  forearm  dislocated  backwards  on  both  sides.  The  specimens  are  now  preserved  in  the 
Museum  of  the  hospital.*  Dr.  F.  H.  Hamilton,  after  a  careful  analysis  of  all  the  published 
cases,  arrives  at  the  conclusion  that  this  injury  is  extremely  rare.3  On  April  29,  1863,  a  man, 
aged  45  years,  over  whose  arm  a  van  had  passed,  was  admitted  into  the  Middlesex  Hospital. 
The  breadth  of  the  elbow  was  increased,  the  forearm  was  supinated  and  slightly  flexed.  A 
large  wound  at  the  inner  side  of  the  elbow  allowed  the  nature  of  the  injury  to  be  clearly 
made  out.  The  head  of  the  radius  rested  against  the  outer  side  of  the  olecranon,  behind  the 
external  condylar  ridge  of  the  humerus.  The  capitellum  of  the  humerus  rested  on  the  base 
of  the  coronoid  process,  the  free  salient  lip  of  which  was  broken  off. 

Should  the  nature  of  the  accident  be  recognised,  the  most  appropriate  treatment 
will  be  to  keep  the  arm  at  rest  in  the  flexed  position,  so  as  to  relax  the  brachialis 
anticus  muscle.    In  about  a  month  passive  motion  may  be  gently  commenced. 

3.  Fracture  of  the  neck  of  the  radius. — Surgical  authors  differ  considerably  in 
their  estimate  of  the  comparative  frequency  of  this  injury,  the  result  chiefly  of  the 
difficulty  of  making  an  absolutely  certain  diagnosis  during  life.  South  says  that  it 
'  is  not  an  uncommon  accident,  and  very  liable  to  be  confused  with  dislocation  of 
the  bone  forwards  on  the  outer  condyle  of  the  upper  arm.  It  is  accompanied  with 
much  distortion  and  swelling,  and,  being  naturally  deeply  imbedded  in  the  muscles, 
is  difficult  to  make  out  satisfactorily.  The  head  of  the  bone  must  be  grasped  with 
the  thumb  and  finger  of  one  hand,  whilst  the  other  draws  the  lower  end  of  the  bone 
from  it,  by  pulling  at  the  hand  alone ;  and  then  upon  rotation,  if  there  be  fracture, 
the  crepitation  will  be  felt.'4  The  post-mortem  proof  of  such  a  fracture  is,  however, 
almost  entirely  wanting.    As  the  head  of  the  bone  is  an  epiphysis,  and  does  not 


1  No.  1119". 
3  Op.  cit.  p.  299. 


2  Series  i.  Nos.  Ill,  112. 

4  Translation  of  Chelius,  vol.  i.  p.  559. 
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unite  until  the  age  of  puberty,  we  should  expect  to  find  its  separation  from  the  shaft 
more  common  before  that  age  than  at  any  other  period  of  life. 

Malgaigne  reports  two  cases  in  which  a  post-mortem  examination  showed  a  fracture 
extending;  through  the  head  of  the  radius,  both  of  them  in  combination  with  other  severe 
injuries  to  the  neighbourhood  of  the  joint.  In  the  two  specimens  of  fracture  of  the  coronoid 
process  referred  to  above  in  the  Museum  of  St.  George's  Hospital,  the  head  of  the  radius  was 
also  split  longitudinally. 

B.  Fractures  of  the  middle  of  the  forearm. — 1.  Fracture  of  both  radius  and 
ulna. — The  two  bones  are  broken  together  at  this  situation  more  frequently  than  is 
either  the  ulna  or  radius  alone.  Direct  violence  is  the  most  common  cause;  a  blow, 
the  passage  of  a  wheel  over  the  arm,  or  a  fall  in  which  some  hard  substance  is  struck. 
In  the  numerous  cases  of  fracture  of  the  forearm  occasioned  by  falls  upon  the  hand, 
it  is  almost  always  the  radius,  which  receives  the  shock  directly  from  the  cirpus, 
that  is  broken,  the  ulna  not  often  participating  in  the  injury.  Malgaigne  relates  a 
case  of  fracture  of  both  bones  of  the  forearm  from  muscular  action,  occurring  while 
digging  ;  the  only  one  on  record,  as  far  as  I  am  aware,  from  this  cause. 

The  most  frequent  seat  of  fracture  is  about  the  middle  or  lower  third  ;  the  upper 
part  being,  from  its  situation  and  its  more  complete  muscular  covering,  less  exposed 
to  injury  than  the  more  distant.  The  line  of  fracture  is  usually  transverse,  or  nearly 
so ;  it  is  often  at  the  same  level  in  the  two  bones,  or  if  not,  generally  higher  in  the 
radius  than  in  the  ulna.  The  nature  and  amount  of  displacement  of  the  fragments 
vary  much ;  it  may  be  almost  or  quite  absent ;  but  usually  both  bones  will  be  bent 
at  an  obtuse  angle,  either  forwards,  backwards,  or  on  one  side ;  or  one  only  may  be 
bent,  its  broken  ends  falling  in  towards  the  companion  bone.  Oblique  fractures  are 
generally  accompanied  by  a  riding  of  the  fragments,  and  shortening,  more  or  less 
marked,  of  the  limb.  In  transverse  fractures,  it  is  not  common  for  the  faces  of  the 
broken  extremities  to  separate  completely,  so  as  to  allow  them  to  oveidap  each  other  ; 
but  this  happens  sometimes,  and  the  overlapping  may  be  in  different  directions  in 
the  two  bones,  the  lower  fragment  of  the  radius  being  in  front  of  the  upper,  and 
that  of  the  ulna  behind,  or  vice  versd.  Incomplete,  or  '  greenstick,'  fractures  of  the 
bones  of  the  forearm  are  very  frequently  met  with  in  children. 

The  diagnosis  is  usually  simple ;  the  pain  and  loss  of  power,  the  unnatural  bend 
in  the  arm,  the  separate  mobility  of  the  upper  and  lower  parts,  and  the  crepitus,  are 
signs  which  indicate  the  nature  of  the  accident.  These  fractures  are  often  trouble- 
some to  manage,  the  fragments  having  a  great  tendency  to  become  displaced,  and 
so  permanent  mal-position  of  the  bones,  causing  loss  of  rotation  of  the  forearm,  is 
not  an  infrequent  result.  The  power  of  lotation  is  even  sometimes  lost,  in  cases 
where  the  bones  have  united  in  tolerably  good  position,  from  deposits  of  new  osseous 
matter  taking  place  between  them,  and  soldering  them  together,  or,  as  Lonsdale  1 
suggests,  from  the  upper  and  lower  fragment  of  the  radius  being  in  a  different 
position  as  regards  supination  at  the  period  of  union  ;  the  former  being  completely 
supinated  by  the  action  of  the  muscles  attached  to  it,  while  the  latter,  in  the  usual 
method  of  treatment,  is  kej>t  in  a  semi-prone  position ;  hence,  after  union,  complete 
supination  of  the  hand  becomes  impossible.  I  have  found  a  proof  of  the  truth  of 
this  conjectmre  in  an  examination  of  numerous  specimens  of  united  fractures  of  the 
radius,  in  the  greater  number  of  which  the  lower  fragment  was  much  less  supinated 
than  the  upper.2  Want  of  union  is  another  and  more  distressing  result,  which 
occasionally  follows  this  fracture.  To  guard  against  such  untoward  events,  the 
splints  and  bandages  have  often  to  be  applied  tightly,  in  consequence  of  which  a 
still  greater  evil,  gangrene  of  the  extr-emity,  has  occurred  more  frequently  in  this 
than  in  any  other  injury  of  a  similar  nature,  especially  in  children. 

Treatment.- — If  there  is  much  displacement  and  shortening,  reduction  must  be 
effected  by  extension  applied  at  the  wrist,  while  counter-extension  is  made  at  the 
elbow,  the  forearm  and  fingers  being  semi-flexed  to  relax  the  muscles  ;  at  the  same 
time  the  broken  ends  may  be  brought  into  proper  apposition  by  manipulation.  The 

1  Op.  cit.  p.  125,  and  London  Medical  Gazette,  vol.  ix.  1832. 
-  See  especially  preps.  Nos.  2950  and  2951  in  Mus.  Roy.  Coll.  Surg. 
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position  in  which  the  forearm  is  now  to  be  placed  has  long  been  a  subject  of  con- 
troversy among  surgeons.  Although  the  state  midway  between  pronation  and 
supination,  which  is  most  comfortable  to  the  patient,  is  generally  adopted,  yet  when 
the  fragments  are  much  displaced,  and  have  a  tendency  to  fall  together  and  diminish 
the  interosseous  space,  complete  supination,  recommended  by  Lonsdale,  for  the 
reasons  above  mentioned,  and  more  recently  advocated  by  Malgaigne,  is  better 
adapted  to  produce  a  satisfactory  result. 

A  graduated  compress  is  generally  placed  lengthwise  behind  and  in  front, 
between  the  radius  and  ulna,  at  the  seat  of  injury,  so  as  to  press  into  the  inter- 
osseous spaces ;  over  these,  straight  wooden  splints,  extending  from  the  elbow  to  a 
little  beyond  the  wrist,  are  fixed,  and  the  forearm  is  suspended  in  a  sling.  These 
compresses  have  been  objected  to,  as  likely  to  interfere  with  the  circulation  of  the 
limb,  and,  if  the  splints  are  properly  padded,  may  generally  be  dispensed  with.  The 
splints  should  be  somewhat  wider  than  the  limb,  so  that  the  bandages  which  retain 
them  in  place  exercise  no  lateral  pressure  upon  the  bones. 

2.  Fracture  of  the  shaft  of  the  ulna  is  almost  always  caused  by  direct  violence, 
either  in  striking  against  some  hard  body,  as  the  corner  of  a  doorstep  in  falling,  or 
when  the  forearm  is  elevated  to  ward  a  blow  from  the  head,  in  which  position  the 
ulnar  side  is  turned  forwards.  The  middle  and  lower  portions  are  most  commonly 
the  seat  of  fracture ;  the  superior  strength  and  thickness  of  the  upper,  and  its  less 
exposed  position,  rendering  it  little  liable  to  injury.  Displacement,  when  it  occurs, 
affects  the  lower  fragment  only,  the  other  being  retained  in  its  situation  by  the 
articulation  at  the  elbow;  it  may  be  in  any  direction,  determined  by  that  from 
which  the  force  acting  on  it  proceeds.  If  there  is  no  displacement,  the  appearances 
of  bruising  and  the  swelling  and  pain  will  mark  the  point  of  injury.  Mobility  of  the 
lower  fragment  and  crepitus  may  generally  be  obtained  by  holding  the  upper  part 
firmly,  and  pressing  the  lower  towards  the  radius.  The  subcutaneous  position  of  the 
greater  part  of  the  bone  adds  greatly  to  the  facility  of  diagnosis.  The  radius,  acting 
as  a  kind  of  splint,  prevents  shortening,  and  assists  in  keeping  the  parts  in  apposi- 
tion ;  so  that  the  treatment  of  this  fracture  is  much  less  difficult  than  where  both 
bones  are  broken.  Care  should  be  particularly  taken  that  the  broken  ends  do  not 
incline  towards  the  radius,  so  as  afterwards  to  impede  the  rotation  of  the  forearm. 
If  there  is  much  tendency  to  this,  pads  should  be  placed  between  the  bones,  and  the 
supine  position  adopted ;  in  other  cases,  that  midway  between  supination  and  pro- 
nation will  be  the  best.  The  splints  should  be  straight,  one  anterior  and  one  pos- 
terior ;  or  the  starched  bandage  or  gutta-percha  may  be  used.  The  forearm  and 
hand  should  be  supported  in  a  sling. 

3.  Fracture  of  the  shaft  of  the  radius. — Though  the  radius  is  broken  more  fre- 
quently than  any  other  bone  of  the  body,  this  preponderance  is  chiefly  due  to  the 
great  number  of  fractures  of  its  lower  end,  the  middle  part  being  probably  not  more 
subject  to  this  injury  than  the  same  portion  of  the  ulna.  It  is  occasionally,  but  very 
rarely,  broken  immediately  below  the  insertion  of  the  tendon  of  the  biceps  into  the 
tuberosity  ;  an  accident  which  has  been,  though  improperly,  described  as  1  fracture 
of  the  neck  of  the  radius.'  1 

Direct  violence  is  the  most  common  cause  of  fracture  of  the  shaft  of  the  radius, 
although  it  may  be  occasioned  by  a  fall  upon  the  hand.  The  diagnosis  is  usually 
unattended  with  difficulty,  the  principal  signs  being,  loss  of  power  of  rotation, 
mobility,  and  ci'ejjitus  elicited  by  pressing  the  fragments  in  different  directions  with 
the  fingers,  or  on  fixing  the  upper  one,  and  rotating  the  hand. 

The  broken  ends  have  a  tendency  to  fall  inwards,  towards  the  ulna,  and  so  to 
diminish  the  interosseous  space.  This  must  be  guarded  against  by  pads,  as  directed 
when  speaking  of  fracture  of  both  bones ;  the  hand  should  also  be  supinated ;  and 
the  general  treatment  recommended  in  the  next  section  for  fractures  of  the  lower  end 
may  be  adopted. 

1  See  two  cases  by  Mr.  J.  Moore,  London  Medical  Gazette,  vol.  xxxvi.  1845,  p.  1079. 
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C.  Fractures  of  the  bones  of  the  forearm  in  the  vicinity  of  the  wrist-joint. —  1. 
Fracture  of  the  inferior  extremity  of  the  radius. — Excepting  perhaps  the  middle  of 
the  clavicle,  there  is  no  single  point  of  the  skeleton  so  frequently  the  subject  of 
fracture  as  the  lower  end  of  the  radius ;  the  reason  being,  that  in  falling  down  the 
hands  are  generally  thrown  forwards,  and  the  whole  weight  of  the  body  received 
upon  the  palmar  aspect  of  the  carpus,  from  which  it  is  directly  transmitted  to  the 
broad  articular  surface  of  the  radius ;  this  bone,  placed  thus  between  the  weight  and 
momentum  of  the  body  in  falling  on  the  one  hand,  and  the  resistance  of  the  ground 
on  the  other,  gives  way  at  its  weakest  point,  viz.  where  it  commences  to  expand  into 
the  broad  articular  extremity  composed  of  cancellated  tissue,  covered  with  a  compact 
layer  much  thinner  than  that  of  the  shaft.  Gordon  attributes  this  fracture  to  a 
cross-breaking  strain  caused  by  over- extension  of  the  hand.1  The  cause,  then,  of 
this  injury  is  almost  always  indirect  violence  :  it  may,  however,  be  occasioned  by  a 
direct  blow,  or  a  wheel  passing  over  the  arm ;  but  in  such  accidents  both  bones 
usually  suffer.  Although  met  with  frequently  in  both  sexes,  and  at  all  periods  of 
life,  it  is  a  remarkable  circumstance,  that  while  up  to  the  age  of  thirty  it  is  more 
prevalent  among  men,  yet  after  middle  life  the  reverse  takes  place,  and  as  age 
advances  this  disproportion  between  the  sexes  continues  to  increase ;  so  that  among 
old  women,  fracture  of  the  lower  end  of  the  radius  is  more  frequent  than  all  other 
fractures  and  dislocations  of  the  upper  extremity  taken  altogether. 

The  pathology  of  this  fracture  has  been  the  subject  of  many  special  memoirs,  and 
even  of  much  controversy.  The  earliest  accurate  description  which  appeared  of  it  in 
our  language  is  by  Colles  of  Dublin ;  2  hence  it  is  frequently  designated  by  surgical 
writers  as  '  Colles'  fracture.'  It  has  more  recently  been  the  subject  of  elaborate 
memoirs  by  R.  W.  Smith  3  of  the  same  city,  and  of  Gordon  4  of  Belfast ;  and  on  the 
Continent  it  has  attracted  the  attention  of  Pouteau,5  Desault,6  Dupuytren,7  Goyrand,8 
Diday,9  Voillemier,10  Malgaigne,11  and  others. 

The  line  of  the  fracture  is  almost  always  transverse  (this  is  well  shown  in  fig. 
148),  occasionally  it  crosses  obliquely  from  side  to  side;  it  is  usually  situated  from 
half  an  inch  to  one  inch  above  the  articular  surface  of  the  bone.  In  some  instances 
there  is  scarcely  any  displacement,  but  most  commonly  the  lower  fragment  assumes 
a  peculiar  position  with  respect  to  the  other,  which  gives  a  very  marked  and 
characteristic  appearance  to  the  limb.  In  the  great  majority  of  cases,  this  displace- 
ment is  backwards  and  somewhat  upwards ;  so  that  in  bones  in  which  unreduced 
fractures  of  this  kind  have  consolidated,  the  posterior  surface  is  found  to  be  consider- 
ably shortened,  while  the  anterior  retains  its  normal  length.  The  carpal  articular 
surface  also,  besides  occupying  a  position  nore  posterior  than  normal,  as  regards  the 
shaft,  has  an  inclination  backwards,  instead  of  forwards,  as  in  the  usual  state.  So 
that  in  fact  the  inferior  fragment  has  undergone  a  sort  of  rotation  on  its  transverse 
axis,  a  '  mouvement  de  bascule,'  as  the  French  term  it.  This  change  of  position  is, 
however,  modified  by  the  strong  ligaments  of  the  lower  radio-ulnar  articulation 
(which  do  not  usually  give  way)  confining  the  inner  side  of  the  fragment  more  in 
place  than  the  outer,  so  that  the  displacement  is  more  extensive  on  the  side  of  the 
styloid  process,  and  the  outer  border  of  the  bone  is  shortened  to  a  greater  degree 
than  the  other ;  hence  it  is  that  the  whole  hand,  which  follows  the  movements  of  this 
fragment,  is  inclined  towards  the  radial  side.  It  is  difficult  to  conceive  that  this 
displacement  can  be  effected  in  any  other  way  than  by  a  penetration  of  the  posterior 

1  Gordon,  Fractures  of  the  Lcnver  End  of  the  Radius,  p.  12.    London,  Churchill,  1875. 

2  Fdin.  Med.  and  Surg.  Journal,  April  1814. 

3  Treatise  on  Fractures  in  the  Vicinity  of  Joints,  1847,  p.  129. 

4  Gordon,  On  the  Treatment  of  Fractures  of  the  Lower  Extremity  of  the  Radius,  1875. 

5  (Euvres  posthumes,  1783,  tome  ii.  p.  251. 

6  (Euvres  chiruryicales,  1813,  tome  i.  p.  155. 

7  Lecons  orales,  1834,  tome  iv.  p.  161. 

8  Gazette  medicale,  1832,  p.  664,  and  Journal  hebdomadaire,  fev.  1836. 

9  Archiv.  gen.  de  Medecine,  1837,  3me  serie,  tome  i.  p.  141. 

10  Rid.  1842,  tome  xiii.  p.  261. 

11  Op.  cit.  tome  i.  p.  603  ;  Gazette  medicale,  1832,  p.  730. 
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surface  of  the  superior  fragment  into  the  soft  cancellous  structure  of  the  inferior  ;  an 
explanation  suggested  by  Voillemier,  and  adopted  with  slight  modifications  by  Mal- 
gaigne,  Nelaton,  and  Erichsen,  but  opposed  by  R.  W.  Smith,  whose  opinion  is  that, 
as  a  rule,  no  such  penetration  takes  place,  '  the  distortion  being  the  result  of  the 
combined  action  of  the  supinator  longus,  the  extensors  of  the  thumb,  and  the  radial 
extensors  of  the  carpus.'  After  a  full  consideration  of  the  elaborate  arguments 
which  have  been  brought  forward  on  either  side  to  determine  this  point,  it  appears 
to  me  that  the  evidence  from  the  examination  of  specimens  of  bones  in  which  union 
has  taken  place,  as  well  as  that  derived  from  the  symptoms  during  life,  shows  that 
impaction  occurs  in  a  large  number  of  cases,  although  it  cannot  be  denied  that 
muscular  action  frequently  aids  in  maintaining  the  peculiar  deformity.1  The  ques- 
tion can  only  be  finally  decided  by  a  greater  number  of  careful  dissections  of  recent 
cases,  for  which  opportunities  very  rarely  occur.  Sometimes  the  inferior  fragment 
is  split  into  several  pieces,  apparently  from  the  force  with  which  the  lower  end  of  the 
shaft  has  penetrated  it. 

The  symptoms  of  this  injury  are  so  pronounced,  that  it  may  almost  always  be 
recognised  at  first  sight.    The  patient  is  unable  to  perform  the  motions  of  supination 

Fig.  147. — Comminuted  Fracture  of  the  Distal  End  of  the  Radius.    (From  a 
preparation  in  the  Museum  of  the  Royal  College  of  Surgeons.) 


a,  anterior  view  ;  6,  pesterior  view. 

and  pronation,  and  complains  of  much  pain,  especially  about  the  internal  lateral 
ligament  of  the  wrist,  which  is  put  upon  the  stretch.  The  hand  being  articulated  to 
the  displaced  fragment  of  the  radius,  is  carried  with  it  backwards  and  towards  the 
radial  side  ;  the  styloid  process  of  the  ulna  is  thus  rendered  extremely  prominent. 
The  lower  end  of  the  radius  forms  a  marked  projection  on  the  dorsum  of  the  wrist, 
and  there  is  a  corresponding  depression  in  front.  Often  in  the  first  instance  this 
portion  is  not  movable  upon  the  shaft,  and  there  is  no  crepitus ;  but  after  disen- 
gaging the  impacted  ends  by  powerful  extension,  both  these  distinctive  signs  are 
usually  obtained.  If  there  is  much  swelling  from  inflammatory  effusion,  the  dis- 
tinctive characters  will  be  more  or  less  masked ;  but  now  that  the  nature  of  the 
injury  is  so  well  understood,  it  will  be  next  to  impossible  to  mistake  it,  as  was 
formerly  frequently  done,  for  dislocation  of  the  carpus  backwards,  which,  by  the 
way,  is  an  extremely  rare  accident. 

In  young  subjects,  fractures  of  the  lower  end  of  the  radius  are  easily  reduced, 
unite  readily,  and  leave  the  use  of  the  limb  perfectly  unimpaired  ;  but  in  old  persons, 
who,  as  before  stated,  are  especially  liable  to  this  injury,  the  result  is  often  most 

1  Dr.  Smith  says :  '  In  the  descriptive  Catalogue  of  the  Pathological  Museum  of  St. 
P>artholomew's  Hospital,  published  in  1846,  the  same  error '  (that  of  attributing  the  deformity 
to  impaction),  'as  it  appears  to  me,  has  been  committed.  See  No.  78,  p.  133,  and  No.  94, 
p.  136.'  An  inspection  of  the  specimens  referred  to  has  left  no  doubt  on  my  mind  that  the 
description  in  the  Catalogue  is  perfectly  correct. 
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Fig.  148.  —  Transverse 
Fracture  of  the  Lower  End 
of  Radius.  The  fracture 
extends  obliquely  from  a 
quarter  of  an  inch  above 
the  lower  border,  on  the 
anterior  aspect  of  the  bone, 
to  the  line  of  union  of  the 
posterior  with  the  articular 
surface.  A  vertical  frac- 
ture also  crosses  the  junc- 
tion of  the  middle  and 
inner  third  of  the  sca- 
phoid bone.  The  drawing; 
represents  a  preparation 
in  the  Middlesex  Hospital 
Museum  ;  Catalogue  No. 
i.  23.  c. ;  taken  from  the 
same  patient  as  tig-.  14G — 
comminuted  fracture  of 
elbow-joint.  The  same 
collection  contains  a  se- 
cond similar  preparation. 


unsatisfactory,  even  after  the  greatest  care  has  been  used  during  the  treatment.  It 
is  frequently  months  before  the  hand  is  free  from  pain,  and  regains  its  proper  motions, 
and  too  often  an  unsightly,  crooked,  and  permanently  stiff  wrist  remains,  to  the 
great  inconvenience  of  the  patient,  and  annoyance  of  the  surgeon. 

Treatment. — If  the  fracture  is  impacted,  extension, 
while  the  hand  is  supinated  and  adducted  as  much  as 
possible,  is  generally  required  to  unlock  the  ends  of  the 
bones.  After  this  is  accomplished,  there  is  still  a  great 
tendency  to  displacement  from  muscular  action,  which 
must  be  overcome  as  far  as  possible  by  mechanical  means. 
Many  surgeons  use  what  is  called  the  '  pistol-shaped 
splint,'  well  padded  and  fixed  along  the  back  of  the  fore- 
arm and  hand,  so  as  to  keep  the  latter  firmly  drawn  to 
the  ulnar  side,  by  which  means  some  amount  of  extension 
is  made  upon  the  lower  end  of  the  radius.  Another  splint, 
shorter  and  straight,  is  adapted  to  the  front  of  the  fore- 
arm, its  lower  end  resting  on  a  pad  which  presses  on  the 
projecting  inferior  extremity  of  the  shaft  of  the  radius. 
According  to  Dr.  F.  H.  Hamilton,  most  American  sur- 
geons apply  the  curved  splint  to  the  palmar  surface,  and 
the  shorter  straight  splint  to  the  dorsal  side  of  the  fore- 
arm. They  also  flex  the  fingers  over  a  hand- block,  or 
pad,  attached  to  the  former.  A  single  straight  splint 
along  the  back  or  front  of  the  forearm  and  hand  is  used 
by  some  surgeons ;  while  others  prefer  two  straight  splints, 
placed  one  on  each  side,  with  pads  so  contrived  as  to 
press  the  lower  fragment  of  the  radius  into  place,  while 
the  hand  is  left  free,  and,  being  unsustained  by  the  sling 
which  supports  the  forearm,  hangs  down  (to  the  ulnar 
side)  by  its  own  weight.  The  advantage  gained  by  this 
method  is  that  much  of  the  stiffness  of  the  wrist  and 
fingers  which  follows  their  close  confinement  in  the 
ordinary  method  may  be  avoided.  With  very  old  people, 
this  rigidity  often  gives  so  much  trouble  afterwards  that 
Velpeau  considers  it  best  in  such  cases  to  dispense  with 
splints  altogether,  and  merely  place  the  arm  upon  a 
pillow.  Excellent  results  may  also  be  attained  with  the 
splints  devised  by  Gordon.1 

Many  arguments  for  and  against  the  adducted  position 
of  the  hand,  in  the  treatment  of  fractures  of  the  lower 
end  of  the  radius,  have  been  brought  forward.  The  just 
view  of  the  subject  is  probably  intermediate  between 
that  of  its  extreme  advocates  and  of  those  who  altogether 
deny  its  utility.  It  is,  I  think,  more  advantageous  in 
fractures  three  or  four  inches  above  the  articulation  than 
in  the  cases  now  under  consideration  ;  but  in  practice  I 
have  found  little  difference  in  the  results  of  the  treat- 
ment by  the  straight  or  pistol-shaped  splint.    Much  more 

depends  upon  the  care  and  accuracy  with  which  the  minor  details  are  carried  out. 
The  splints  should  be  removed  between  the  third  and  fourth  weeks,  and  the  fingers 
exercised  as  much  as  possible,  to  overcome  their  stiffness.  There  often  remains  a 
swelling  on  the  front  of  the  wrist,  caused  by  an  indurated  condition  of  the  sheaths 
of  the  tendons;  this  must  be  treated  by  friction  with  stimulating  liniments,  or  the 
application  of  tincture  of  iodine. 

It  occasionally,  though  very  rarely,  happens  that  the  lower  fragment  of  the 


1862. 


Gordon,  On  the  Treatment  of  Fractures  of  the  Lower  Extremity  of  the  Radius.  Belfast, 
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radius  is  displaced  forwards.  The  cause  of  this  injury  is  said  to  be  a  fall  upon  the 
back  of  the  hand.1 

In  subjects  under  the  age  of  twenty,  separation  of  the  inferior  epiphysis  of  the 
radius  commonly  takes  the  place  of  fracture  of  this  part.  The  symptoms  and  treat- 
ment in  both  cases  are  very  nearly  identical. 

2.  Both  radius  and  ulna  may  be  broken  close  to  their  lower  ends;  an  injury 
presenting  at  first  sight  much  more  the  appearance  of  dislocation  of  the  carpus  back- 
wards than  does  fracture  of  the  radius  alone,  as  there  is  now  no  lateral  displacement 
of  the  hand,  and  consequent  prominence  of  the  styloid  process  of  the  ulna.  Careful 
attention  to  the  exact  seat  of  the  injury  will  enable  the  surgeon  to  form  a  correct 
diagnosis.    (See  p.  986.) 

3.  Lastly,  the  lower  end  or  styloid  process  of  the  ulna  alone  may  be  the  seat  of  a 
fracture,  caused  usually  by  violence  applied  directly. 


Fractures  of  the  Bones  of  the  Hand, 

1.  Fracture  of  the  carpal  bones. — The  form  and  mode  of  articulation  of  the  bones 
of  the  carpus  render  them  very  little  liable  to  fracture,  except  where  there  has  been 
great  violence,  as  from  machinery  or  gunshot,  in  which  cases  the  soft  parts  are  also 
extensively  injured.  (See  p.  945.)  Simple  fractures  do,  however,  occasionally 
occur,  from  the  passage  of  heavy  weights,  as  cart-wheels,  over  the  hand,  or  blows 
and  falls  on  the  wrist.  (Fig.  148.)  Owing  to  the  fragments  being  retained  in  their 
place  by  their  numerous  ligamentous  connections  with  the  surrounding  bones,  there 
are  few  symptoms  beyond  those  that  might  be  ascribed  to  a  severe  bruise,  and  it  is 
therefore  probable  that  a  fracture  of  one  of  these  bones  may  often  pass  undetected. 

As  post-mortem  evidence  of  simple  fracture  of  any  of  the  carpal  bones  is  not  common, 
the  following  case  may  be  worth  recording-.  A  man,  aged  40,  was  admitted  into  the 
Middlesex  Hospital,  Jan.  3,  1861,  having  received  in  a  fall  several  severe  injuries,  from  the 
effects  of  which  he  died.  The  right  wrist-joint  had  evidently  suffered,  though  there  was  no 
external  wound  or  deformity.  Acute  inflammation,  and  ultimately  suppuration  within  the 
joint,  supervened.  After  death,  it  was  found  that  a  piece  about  one  inch  in  length  was  split 
off'  from  the  posterior  surface  of  the  lower  end  of  the  radius,  and  a  fissure  extended  almost, 
but  not  entirely,  across  the  middle  of  the  scaphoid  bone. 

The  treatment  consists  in  keeping  the  wrist  at  rest,  lightly  bound  to  a  splint,  and 
in  the  use  of  cold  lotions,  or  other  antiphlogistic  measures,  if  the  inflammatory 
symptoms  are  severe. 

2.  Fracture  of  the  metacarpal  bones. — These  bones  are  much  more  exposed  to 
injury  than  the  last-named.  The  usual  cause  of  fracture  in  them  is  direct  violence, 
but  we  not  unfrequently  find  it  occasioned  by  striking  a  blow  with,  or  falling  upon, 
the  closed  fist.  It  is  met  with  far  more  frequently  in  men  than  in  women,  and 
Hiiefly  between  the  ages  of  fifteen  and  forty-five. 

The  statements  that  have  hitherto  been  made  as  to  the  comparative  liability  of 
the  different  bones  of  the  series  to  fracture  are  very  unsatisfactory,  owing  to  the 
insufficient  number  of  observations  upon  which  they  are  founded.  Of  the  113  cases 
which  I  have  collected  from  the  records  of  the  Middlesex  Hospital,  in  71  the 
particular  bone  is  mentioned.  Of  these,  four  are  double  fractures  (two  of  the  second 
and  third,  and  two  of  the  third  and  fourth),  and  in  one  the  third,  fourth,  and  fifth 
bones  were  broken ;  making  in  all  78  fractures.  The  number  belonging  to  each 
bone  is — 

1st  27 

2nd  16 

3rd  9 

4th  12 

5th  14 

Total       ...  78 


1  11.  W.  Smith,  op.  tit.  p.  162. 
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Probably  an  undue  prominence  is  here  given  to  the  first,  as,  on  account  of  its 
distinctive  characters,  it  is  more  likely  than  any  of  the  others  to  be  particularised 
in  describing  the  nature  of  the  accident.  Allowing  for  this  probable  source  of  error, 
we  may  still  place  it  foremost  in  liability  to  fracture,  as  might  be  supposed  from  its 
position  and  extent  of  motion  ;  the  others  seem  to  follow  in  order,  as  their  situation 
exposes  them  to  injury,  the  third  or  middle  bone  being  last. 

The  fracture  is  usually  in  the  middle  or  distal  third  of  the  bone;  it  is  transverse 
or  oblique,  often  attended  with  very  little  displacement,  in  which  case  the  mobility 
of  the  fragments  and  the  crepitus  are  the  chief  signs  of  the  injury.  Often,  however, 
there  is  a  displacement  of  the  distal  fragment,  the  head  sinking  down  towards  the 
palm,  and  the  upper  end  forming  with  the  extremity  of  the  proximal  fragment  an 
angular  projection  on  the  dorsum  of  the  hand.  Sir  A .  Cooper  1  describes  the  fracture 
of  the  head,  or  more  properly  of  the  neck,  of  these  bones  ;  in  young  subjects  this  is 
probably  a  separation  of  the  epiphysis. 

The  treatment  of  this  injury  recommended  by  the  eminent  surgeon  just  named 
consists  in  causing  the  hand  to  grasp  a  large  ball,  and  then  binding  a  roller  round 
the  whole.  I  have  generally  modified  this  method  by  using  a  common  rib-roller 
instead  of  the  ball,  and  fixing  the  hand  over  it  by  means  of  adhesive  plaster.  Where 
there  is  much  displacement,  in  order  to  obtain  greater  accuracy  of  adjustment,  the 
plan  recommended  by  Malgaigne  is  to  be  prefeired.  A  thick  compress  is  to  be 
placed  under  the  head  of  the  bone  so  as  to  raise  it,  and  another  over  the  projection 
on  the  dorsal  surface  ;  these  are  kept  in  place  by  two  broad  splints  placed  across  the 
hand,  one  above  and  one  below,  their  ends  being  firmly  drawn  together  by  strips  of 
plaster.  The  fingers  should  be  left  free,  so  as  to  avoid  too  great  an  amount  of 
stiffness.  If  the  metacarpal  bone  of  the  thumb  is  broken,  it  must  be  treated  in  the 
same  manner  as  one  of  the  phalanges,  which  it  resembles  so  closely  in  its  characters. 

3.  Fractures  of  the,  phalanges. — From  their  very  exposed  situation,  these  small 
bones  are  often  broken,  usually  with  wound  or  severe  bruising,  amounting  frequently 
to  complete  comminution  of  the  whole  member.  Simple  fracture  of  the  phalanges 
is,  however,  by  no  means  uncommon,  and  is  generally  caused  by  direct  and  occasion- 
ally by  indirect  force.  The  first  phalanx,  being  largest  and  most  fixed  in  position, 
seems  to  suffer  most ;  but  we  have  not  yet  sufficiently  reliable  data  to  determine 
even  approximately  the  relative  frequency  of  injury  to  the  different  bones  of  this 
series.  The  fracture  usually  occurs  about  the  middle  of  the  bone ;  and  although 
there  is  rarely  much  displacement,  the  diagnosis  is  generally  established  without 
difficulty  from  the  crepitus  and  mobility  of  the  fragments. 

The  treatment  usually  recommended  is,  to  fasten  a  narrow  straight  wooden  splint 
beneath  the  finger  with  a  small  pad  opposite  the  middle  of  the  broken  phalanx,  to 
fill  up  the  concavity  which  naturally  exists  between  the  joints.  The  splint  may  be 
more  conveniently  fixed  to  the  dorsal  surface,  especially  when  it  is  one  of  the  phalanges 
of  the  thumb  that  is  broken.  A  more  comfortable  support  is  given  by  a  splint  of 
gutta-percha  or  pasteboard,  moulded  to  the  shape  of  the  finger,  which  may  then  be 
allowed  to  be  slightly  flexed  at  each  of  the  joints.  It  may  be  released  from  its 
confinement,  and  passive  motion  may  be  commenced,  at  about  the  end  of  the  third 
week. 

Dislocations  of  the  Bones  op  the  Upper  Extremity. 

Dislocations  of  the  Clavicle. 

Following  the  order  of  frequency  in  which  they  are  met  with,  we  may  describe  : — 
1.  Dislocation  forwards.    2.  Dislocation  backwards.    3.  Dislocation  upwards. 
1.  Forwards. — This  maybe  complete  or  incomplete  :  in  the  former  case,  the  head 
of  the  bone,  besides  projecting  forwards,  is  depressed  below  its  natural  level ;  in  the 
latter,  it  is  usually  slightly  raised.    The  ordinary  cause  of  this  dislocation  is  some 

1  Op.  cit.  p.  506. 
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violence  which  pushes  the  outer  end  of  the  clavicle  backwards,  as  a  fall  or  blow  on 
the  front  of  the  shoulder.  In  children,  it  has  been  produced  by  simply  pulling  the 
arm.1  It  has  been  observed  at  most  ages,  from  birth  2  to  86,3  more  frequently 
in  males  than  females.  The  prominent  head  of  the  clavicle  seen  and  felt  in  its 
abnormal  situation,  covered  only  by  the  integument,  leaves  no  doubt  as  to  the 
nature  of  the  injury,  except  in  partial  dislocations,  where  there  is  much  swelling,  or 
in  very  fat  subjects. 

Treatment. — The  bone  is  usually  reduced  without  difficulty  by  drawing  the 
shoulder  outwards  and  backwards,  the  surgeon's  knee  being  placed  between  the 
scapulae  of  the  patient ;  while  at  the  same  time,  if  necessary,  an  assistant  presses  the 
head  of  the  bone  back  into  its  place.  The  great  disposition  that  it  has  to  slip  out 
again  has  led  to  the  invention  of  many  methods  intended  to  retain  it  in  place ;  but 
even  after  the  greatest  care,  more  or  less  deformity  often  remains.  Fortunately  the 
iitility  of  the  limb  is  not  materially  impaired,  even  if  the  bone  remains  unreduced. 
The  two  objects  to  be  aimed  at  are:  (1)  to  keep  the  shoulder  fixed,  and  thrown 
upwards,  outwards,  and  backwards ;  and  (2)  to  exert  pressure  upon  the  head  of  the 
clavicle. 

A  pad  in  the  axilla,  a  figure-of-eight  bandage  to  the  shoulders,  with  a  sling  to 
support  the  elbow,  or,  in  fact,  any  of  the  apparatus  used  in  fractured  clavicle,  will 
fulfil  the  former  indication  ;  while  for  the  latter  a  common  hernia-truss  may  be 
applied,  the  pad  being  placed  on  the  projecting  bone,  and  the  spring  passing  under 
the  axilla  of  the  sound  side,  as  recommended  by  Nelaton.  The  pressure  requires  to 
be  kept  up  from  six  weeks  to  two  months,  though  at  the  end  of  the  former  period 
passive  motion  of  the  arm  and  shoulder  should  be  commenced,  in  order  to  overcome 
the  stiffness  of  the  joints  that  so  long  a  confinement  must  necessarily  occasion. 
Velpeau,  upon  the  supposition  that  the  displacement  is  chiefly  due  to  the  action  of 
muscles,  proposes  to  relax  these  by  carrying  the  elbow  inwards  and  forwards  to  the 
lower  part  of  the  sternum,  so  that  the  hand  may  rest  upon  the  opposite  shoulder  ; 
the  outer  end  of  the  clavicle  will  then  be  inclined  upwards  and  forwards,  and  pressed 
inwards.4 

2.  Backwards. — This  form  of  dislocation  has  been  produced  by  a  violent  fall, 
driving  the  shoulder  inwards  and  forwards,5  by  the  shoulders  being  pressed  together 
between  a  carriage-wheel  and  a  wall,  or  by  a  force  applied  directly,  so  as  to  push  the 
inner  end  of  the  clavicle  backwards,  as  a  kick  from  a  horse.  The  head  of  the  bone 
usually  lies  behind  the  upper  part  of  the  sternum,  rather  below  its  normal  level.  In 
extreme  cases,  symptoms  dependent  upon  pressure  upon  the  trachea  and  oesophagus, 
are  produced,  as  in  that  related  by  Sir  A.  Cooper,  in  which  Mr.  Davie  of  Bungay 
had  to  saw  off  the  sternal  end  of  the  bone  to  prevent  death  from  this  cause ;  this, 
however,  was  not  an  example  of  traumatic  dislocation,  but  was  produced  gradually 
by  a  progressively  increasing  curvature  of  the  spine. 

A  characteristic  case  occurred  in  the  practice  of  my  colleague,  Mr.  De  Morgan,  at  the 
Middlesex  Hospital,  in  1852,  which  I  shall  relate  briefly,  as  illustrating  the  usual  symptoms 
and  treatment  of  this  accident.6  A  girl,  10  years  of  age,  was  knocked  down  by  a  carriage, 
and  appears  to  have  been  trodden  on  by  one  of  the  horses.  On  admission,  she  suffered  much 
from  dyspnoea,  the  head  was  inclined  forwards,  and  could  not  be  raised  without  extreme 
pain.  There  were  marks  of  bruising  over  the  right  shoulder  and  clavicle.  Where  the  head 
of  the  hone  should  be,  there  was  a  depression  into  which  the  finger  might  be  thrust,  and  the 
articular  surface  of  the  sternum  could  be  distinctly  felt,  while  the  head  of  the  clavicle  was 
evidently  behind  it.  The  distance  from  the  middle  line  to  the  acromion  was  shortened  by 
a  quarter  of  an  inch.  '  On  placing  the  knee  against  her  spine,  and  gently  drawing  the  two 
shoulders  backwards,  the  bone  was  easily  restored  to  its  proper  place,  causing  obvious  relief 
to  the  dyspnoea  ;  but  immediately  on  leaving  hold  of  the  shoulders,  the  bone  fell  back  and 


1  Melier,  Archiv.  yen.  de  Medecine,  tome  xix.  p.  53. 

8  Fergusson,  Practical  Surgery,  4th  edit.  1857,  p.  249. 

3  Brasdor,  Mem.  de  VAcad.  de  Chirurg.  tome  v.  p.  588. 

4  Journal  hebdom.  de  Med.  May  30,  1835. 

5  See  a  case,  caused  by  a  fall  while  wrestling,  by  Mr.  W.  Brown  of  Callington,  Medical 
Gazette,  Aug.  1 ,  1845. 

6  Reported  by  Mr.  S.  W.  Sibley,  Medical  Times  and  Gazette,  1852,  vol.  i.  p.  415. 
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the  dyspnoea  returned.  A  splint  was  then  placed  across  the  shoulders,  with  a  pad  between 
it  and  the  spine,  the  shoulders  being  drawn  to  the  splint  by  a  bandage  ;  by  these  means  the 
bone  was  kept  firmly  in  its  place,  pillows  being  so  arranged  along  the  patient's  back  that  the 
splint  should  not  feel  uncomfortable.  On  the  apparatus  being  fixed,  she  could  lean  her  head 
backwards,  and  stated  that  her  pain  was  much  relieved.'  The  splint  was  kept  on  for  a  fort- 
night ;  the  bone  being  then  quite  steady  in  its  place,  she  was  allowed  to  remain  in  bed  with- 
out any  bandage.  The  articulation  became  in  four  weeks  quite  as  firm  as  that  on  the  other 
side,  and  the  arm  could  be  moved  without  causing  any  pain. 

South  relates  a  case  of  compound  dislocation  of  the  sternal  end  of  the  clavicle  backwards, 
caused  by  a  blow  with  the  sharp  end  of  a  pickaxe.1 

3.  Upwards. — This  accident  has  only  recently  acquired  an  established  place  in 
surgical  pathology.  Malgaigne  has  collected  five  examples,  and  Dr.  F.  H.  Hamilton 
has  added  another,  which  happened  in  America.  They  seem  all  to  have  been 
occasioned  by  a  violent  force  which  carried  the  shoulder  downwards  and  inwards. 
The  symptoms  are  very  marked,  the  head  of  the  bone  being  felt  above  the  upper 
border  of  the  sternum,  lying  between  the  sterno-mastoid  and  the  sterno-hyoid  muscles. 
In  some  of  the  recorded  cases,  much  dyspnoea  has  been  caused  by  the  pressure  of  the 
end  of  the  bones  on  the  trachea. 

In  the  dissection  of  the  body  of  a  man  who  died  a  few  days  after  receipt  of  this 
injury,  Dr.  P.  W.  Smith  found  the  end  of  the  left  clavicle  lying  above  the  sternum 
in  contact  with  the  mesial  border  of  the  right  stemo-mastoid  muscle.  Behind,  it 
rested  on  the  sterno-hyoid  muscles  and  the  trachea,  and  in  front  the  sternal  head  of 
the  left  sterno-mastoid  muscle  was  tightly  stretched  across  it  at  some  distance  from 
the  articular  surface.  The  anterior  aixl  posterior  ligaments  of  the  joint,  the  sternal 
attachment  of  the  inter-articular  fibro- cartilage,  and  the  rhomboid  ligament  were 
ruptured.  Dr.  Smith  has  appended  to  the  narrative  of  this  case  a  precis  of  seven 
others,  of  which  one  occurred  in  the  practice  of  Malgaigne.2 

Reduction  is  easily  effected  by  drawing  the  shoulder  outwards  and  upwards, 
while  the  dislocated  head  is  pressed  down  •  but  to  retain  it  in  this  position  is  difficult, 
if  not  impossible.  Malgaigne  found  the  functions  of  the  clavicle  perfectly  restored 
six  months  after  the  accident,  although  the  sternal  end  was  nearly  a  quarter  of  an 
inch  above,  and  as  much  to  the  inner  side,  of  its  normal  situation.  In  the  case 
mentioned  by  Dr.  Hamilton,  the  displacement  was  still  greater ;  but  the  patient 
stated  '  that  he  felt  no  inconvenience  or  abatement  of  strength  in  the  arm,  except 
when  he  attempted  to  lift  weights  above  his  head.'  3 

Dislocations  of  the  Scapula. 

These  injuries  are  usually  described  as  '  dislocations  of  the  acromial  end  of  the 
clavicle,'  but  it  seems  preferable  to  consider  them  as  dislocations  of  the  acromion 
process  of  the  scapula  from  the  clavicle,  the  latter  being  the  more  fixed  point  and 
nearest  to  the  trunk.  Luxation  at  this  joint  is  more  frequent  than  at  the  sterno- 
clavicular articulation. 

In  the  great  majority  of  cases,  the  acromion  is  forced  beneath  the  outer  end  of 
the  clavicle ;  occasionally  the  reverse  happens,  viz.  the  acromion  is  sitviated  above 
the  clavicle ;  and  a  third  form  has  lately  been  described,  in  which  the  displacement 
is  carried  so  far  that  the  coracoid  process,  as  well  as  the  acromion,  are  placed  above 
the  clavicle. 

The  cause  of  this  injury  is  nearly  always  direct  violence  applied  to  the  scapula, 
as  in  a  fall  in  which  the  back  or  outer  part  of  the  shoulder  comes  in  contact  with 
the  ground  or  some  hard  body,  or  a  blow  or  kick  upon  the  same  part.  The  symptoms 
of  the  first  and  most  usual  variety  are  tolerably  well  marked.  There  is  pain  in  the 
articulation ;  the  motions  of  the  arm,  especially  upwards,  are  restrained ;  the  shoulder 
is  depressed,  and  approximated  to  the  sternum  ;  the  arm  apparently  lengthened,  and 

1  South's  Chelius,  vol.  i.  p.  778.  See  also,  on  this  subject,  Baraduc,  Memoir es  sur  les 
Luxations  de  la  Clavicule.    Paris,  1842. 

2  Dr.  P.  W.  Smith, '  Case  of  Supra-sternal  Luxation  of  the  Clavicle,'  Dublin  Jour.  Med. 
Sei.  1872,  p.  450.  3  Op.  cit.  p.  523. 
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the  projection  formed  by  the  outer  end  of  the  clavicle  lying  upon  the  acromion 
process  is  very  easily  recognised  beneath  the  skin.  In  partial  dislocations  the 
symptoms  are  similar,  but  much  less  marked. 

Treatment. — If  the  shoulder  is  drawn  backwards,  and  the  outer  end  of  the 
clavicle  pressed  upon,  the  bones  are  usually  restored  to  their  natural  relation.  There 
is  always  great  difficulty  in  retaining  them  in  position,  owing  to  the  flatness  and 
obliquity  of  the  articulating  surfaces,  as  well  as  the  contraction  of  the  clavicular 
poi'tion  of  the  trapezius  muscle ;  but  fortunately,  although  exact  coaptation  may 
not  be  obtained,  the  ends  of  the  bones  appear  to  adapt  themselves  to  their  new 
conditions,  and  the  utility  of  the  limb  is  but  little  impaired.  The  shoulder  must 
be  fixed,  and,  in  order  to  keep  the  scapula  raised,  and  the  outer  end  of  the  clavicle 
depressed,  a  stout  compress  should  be  placed  upon  the  latter  point,  and  retained  by 
a  broad  band  passed  over  it,  and  under  the  elbow  of  the  same  side,  and  tightened 
and  fixed  by  a  buckle.  If  greater  pressure  is  required,  a  Petit's  tourniquet,  as  used 
by  M.  Laugier,  may  be  applied  in  the  same  manner.  For  the  exact  details  of  this 
arrangement,  the  reader  is  referred  to  special  treatises  on  the  subject ;  1  but  much 
must  be  left  to  the  ingenuity  of  the  surgeon  in  each  individual  case. 

The  second  and  third  forms  of  this  dislocation  mentioned  above  are  extremely 
rare.  Only  three  unequivocal  examples  are  recorded  of  the  former,  and  there  are 
some  doubts  as  to  the  authenticity  of  the  published  cases  of  the  latter. 

Two  instances  have  been  reported  of  dislocation  both  at  the  sterno- clavicular 
and  acromio  clavicular  articulation  in  the  same  subject,  or  'simultaneous  dislocation 
of  both  ends  of  the  clavicle;'  the  first  by  Richerand,  and  the  second  by  Morel - 
Lavellee.2 

Dislocations  of  the  Humerus. 

The  humerus  is  dislocated  nearly  as  frequently  as  are  all  the  other  bones  of  the 
body  together.  The  statistics  of  Malgaigne,  and  several  other  authors,  assign  a 
still  larger  proportion ;  but  this  arises  from  the  fact  that  many  of  the  luxations  of 
smaller  bones,  as  phalanges,  are  evidently  omitted  from  their  tables.  Its  relative 
frequency  in  the  tables  at  pp.  946-7  is  nearly  53  per  cent. 

The  shallowness  of  the  articular  surface  of  the  scapula,  the  large  size  and  globular 
form  of  the  head  of  the  humerus,  the  relatively  great  capacity  of  the  capsule,  the 
very  extensive  movements  and  long  leverage  afforded  by  the  arm,  and  its  frequent 
exposure  to  injury  in  protecting  the  more  important  central  organs  of  the  body,  are 
all  circumstances  which  contribute  to  the  facility  and  frequency  of  dislocation.  On 
the  other  hand,  the  free  mobility  of  the  scapula  has,  to  a  certain  extent,  a  counter- 
balancing influence. 

Dislocation  of  the  humerus  is  an  accident  chiefly  met  with  in  middle  and 
advanced  life  ;  it  is  extremely  rare  during  childhood  and  youth.  A  case  was  brought 
to  the  Middlesex  Hospital  (August  5,  1860)  of  a  dislocation  forwards,  in  an  infant 
fourteen  days  old.  The  arm  had  been  violently  pulled  and  twisted.  Mr.  F.  H. 
Watts,  the  house  surgeon,  made  such  a  careful  examination  as  to  leave  no  doubt 
respecting  the  nature  of  the  injury,  and  on  extension  being  applied,  it  was  reduced 
with  a  characteristic  snap. 

Common  as  these  injuries  are,  their  pathology  is  still  imperfectly  understood, 
and  great  discrepancies  exist  in  the  classification  and  descriptions  given  by  various 
writers  who  have  directed  their  attention  to  them. 

As  want  of  precision  in  the  terms  used  in  describing  the  different  varieties  of 
luxation  has  been  a  principal  source  of  obscurity,  it  will  be  necessary,  before  pro- 
ceeding further,  to  adopt  a  definite  and  intelligible  system  of  nomenclature.  The 
obliquity  of  the  glenoid  fossa,  and  the  variations  in  the  position  of  the  scapula, 
render  such  words  as  downwards,  forwards,  inwards,  &c,  very  inefficient  as  dis- 
tinctive designations  of  particular  forms  of  dislocation.  Names  derived  from  the 
relation  of  the  head  of  the  bone  in  its  new  situation  to  important  contiguous  osseous 

1  Especially  Malgaigne,  op.  eit.  tome  ii.  p.  440.        2  Gazette  des  Hopitaur,  1859,  No.  33. 
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structures  are  more  concise,  expressive,  and  definite.  Adopting  this  method,  all  the 
possible  dislocations  of  the  humerus  readily  group  themselves  into  the  following 
five  divisions  : — 

1.  Subcoracoid. — Forwards  and  slightly  downwards.  On  to  the  neck  of  the 
scapula,  in  front  of  the  glenoid  fossa,  and  immediately  below  the  coracoid  process. 
Common. 

2.  Subglenoid. — Downwards  and  forwards.  Head  of  the  humerus  in  front  of 
the  inferior  costa  of  the  scapula,  below  the  glenoid  fossa.  Rare. 

3.  Subclavicular. — To  the  inner  side  of  the  coracoid  process ;  under  the 
clavicle.     Very  rare. 

4.  Supkacoracoid. — Upwards  and  forwards.  On  to  the  fracture;!  coracoid 
process.    Only  three  cases  reported. 

5.  Subspinous. — Backwards.  On  to  the  back  of  the  neck  of  the  scapula,  beneath 
the  spine  or  posterior  edge  of  the  acromion.     Very  rare. 

These  names  are  all  recognised  in  the  system  of  Malgaigne ;  some  of  them  may 
be  not  altogether  free  from  objection,  but  it  seems  better  to  retain  them  than  to  run 
the  risk  of  adding  to  the  confusion  by  introducing  new  ones.  For  the  sake  of 
greater  simplicity,  the  number  of  this  author's  divisions  is  reduced  ;  his  incomplete 
and  complete  subcoracoid  and  intracoracoid  being  included  under  one  head,  for 
reasons  which  I  shall  give  presently,  and  his  two  forms  of  dislocation  backwards 
being  also  classed  together.  Undoubtedly  varieties  are  frequently  met  with  inter- 
mediate between  several  of  these  forms,  especially  the  first  and  second,  but  it  appears 
unnecessary  to  give  them  separate  names. 

I  shall  commence  with  the  description  of  the  most  common  form. 

1.  Subcoracoid. — Under  this  term  are  included  dislocations  which  Malgaigne 
considers  as  belonging  to  two  distinct  varieties,  and  which  he  respectively  designates 
subcoracoid  and  intracoracoid.  Although  there  are  doubtless  characters  by  which 
well-marked  cases  of  either  can  be  determined,  the  difference  bet-ween  them  is  slight, 
and  being  rather  of  degree  than  of  form,  I  can  see  no  practical  advantage  in  retain- 
ing it  in  our  classification.  Perhaps,  for  the  purposes  of  critical  investigation,  they 
might  be  regarded  as  sub-varieties  of  one  common  form.  The  main  distinction 
between  them  seems  to  be  this — in  both  cases  the  groove  between  the  articular  head 
of  the  humerus  and  the  great  tuberosity  rests  on  the  same  part  of  the  anterior  edge 
of  the  glenoid  fossa.  If  the  posterior  scapular  muscles  are  entire,  being  put  on  the 
stretch,  they  cause  the  head  of  the  humerus  to  be  rotated  outwards,  and  the  sub- 
coracoid  variety  is  produced ;  if  the  inj  ury  has  been  inflicted  with  greater  violence, 
and  these  muscles  are  separated  from  their  attachments,  or  the  greater  tuberosity 
broken  off,  or  if,  perhaps  from  some  other  cause,  their  action  is  diminished,  the 
humerus  is  allowed  to  turn  more  inwards,  and  the  greater  part  of  its  head  is  placed 
internal  to  a  line  falling  from  the  tip  of  the  coracoid  process,  and  the  injury  is  called 
intracoracoid.  The  name  '  subcoracoid '  seems  preferable  for  all  these  cases,  as  it  is 
extremely  expressive  of  the  position  of  the  head  of  the  bone  ;  while  '  intracoracoid  ' 
would  have  been  more  correctly  applied  to  that  form  of  dislocation  in  which  it  is  truly 
on  the  inner  side  of  the  coracoid  process,  the  one  commonly  called  '  subclavicular.' 

Although  quite  unrecognised  in  the  earlier,  and  only  doubtfully  admitted  into 
many  recent  systematic  works  in  this  country,  numerous  cases  of  subcoracoid  dis- 
location, in  which  the  anatomical  characters  are  accurately  described,  are  to  be 
found  in  the  pages  of  our  surgical  treatises  and  periodicals.  One  of  the  earliest  of 
these  is  the  well-known  case  (now  preserved  in  University  College  Museum)  recorded 
by  Thompson  more  than  a  century  ago.1  A  reference  to  the  figures  in  the  quarto 
edition  of  Sir  A.  Cooper's  work  will  show  that  at  least  one  of  the  specimens  from 
which  he  described  the  anatomical  characters  of  dislocation  downwards  really 
belonged  to  this  form ;  and  that  the  description  of  the  position  of  the  head  of  the 
bone  in  the  text  must  have  been  influenced  by  the  previous  opinions  of  the  writer.2 
The  same  may  also  be  said  of  the  case  cited  by  this  distinguished  surgeon,  as  an 
evidence  of  '  partial  dislocation.'    Many  of  the  cases  that  have  been  published  of 

1  Med.  Obs.  and  Inquiries,  1702,  vol.  ii.  p.  310.  2  Fifth  edit.  1820. 
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dislocation  forwards  and  inwards,  or  subclavicular,  are  nothing  more  than  specimens 
of  this  variety.  Of  forty-one  specimens  of  dislocation  at  the  shoulder-joint  preserved 
in  the  different  anatomical  museums  in  London,  as  many  as  thirty-one  undoubtedly 
belong  to  this  form  ;  1  and  of  fifty  recent  cases  which  have  come  under  the  observa- 
tion of  myself,  or  gentlemen  in  whom  I  can  place  perfect  confidence,  and  of  which  I 
have  full  particulars,  in  forty-four  the  head  of  the  humerus  was  placed  so  closely 
beneath  the  coracoid  process  as  to  justify  the  appellation  of  '  subcoracoid.'  In  the 
face  of  these  facts,  it  is  difficult  to  understand  how  the  widespread  error  of  regarding 
the  subglenoid  as  the  typical  form  of  dislocation  at  the  shoulder-joint  should  have 
been  so  long  maintained.  A  simple  process  of  reasoning  upon  the  anatomical 
structure  of  the  part  would  suffice  to  show  that,  whenever  the  humerus  is  thrown 
from  its  socket,  it  will  almost  of  necessity  be  drawn  upwards  until  it  is  arrested 
either  by  the  coracoid  process  in  front,  or  the  spine  or  acromion  behind.  Even 
in  the  dead  subject,  when  dislocation  is  artificially  produced  by  forcibly  elevat- 
ing the  arm,  while  the  scapula  is  fixed,  the  humerus  is  almost  always  drawn  up  close 

against  the  under-surface 

Fig.  149-Subcoracoid  Dislocation  of  Humerus.    (From    of  the  coracoid  process  ;  d 
a  model  by  Mr.  Flower,  in  the  Middlesex  Hospital     .     .    .  .      ,  ,.r. 
Museum.)  jortion,  in  the  living  must 

the  action  of  the  deltoid, 
coraco-brachialis,  and  bi- 
ceps cause  it  to  assume  this 
position.  In  fractures  about 
the  neck  of  the  humerus, 
the  action  of  these  muscles 
in  raising  the  lower  frag- 
ment has  long  been  recog- 
nised. The  truth  is,  that 
nearly  all  the  cases  of  dis- 
location 'into  the  axilla,' 
or  '  downwards,'  described 
as  so  common  by  Sir  A. 
Cooper,  and  all  subsequent 
British  authors,  have  really 
been  examples  of  this 
var  iety,  to  which  the  anato- 
mical characters  of  the 
more  rare  'subglenoid  '  dis- 
location have  been  errone- 
ously applied. 

Subcoracoid  dislocation 
may  be  produced  either  by 
a  direct  force  applied  to 
the  upper  part  of  the  hume- 
rus, driving  it  forwards  and  inwards,  as  a  blow  or  fall  upon,  the  shoulder;  or, 
secondly  by  forcible  elevation  of  the  distal  end  of  the  humerus,  such  as  may  be 
caused  by  a  fall  upon  the  elbow  or  hand,  when  extended  from  the  body.  In  the 
forty-four  cases  above  mentioned,  the  causes  were  as  follows  falls  or  blows  upon 
the  shoulder,  in  eighteen ;  upon  the  elbow,  in  five ;  upon  the  hand,  in  ten ;  while 
in  eleven  cases  the  cause  was  of  doubtful  or  exceptional  nature,  including  two  from 
muscular  action.  Of  these,  one  took  place  in  attempting  to  strike  a  violent  blow  at 
a  man,  who  eluded  the  stroke ;  the  other  in  putting  on  a  coat,  In  the  last  case, 
however,  the  humerus  had  been  frequently  dislocated  before. 

Symptoms*—  Pain  about  the  joint,  especially  on  the  inner  part,  along  the  course 
of  the  great  nerves  of  the  brachial  plexus,  sometimes  extending  down  the  arm  as  far 
as  the  fingers,  and  accompanied  by  a  sensation  of  numbness.    Inability  to  move  the 
arm  at  the  shoulder  ;  the  elbow  projects  from  the  side,  and  cannot  be  made  to  touch 
1  See  a  paper  by  Mr.  Flower,  Trans.  Vath.  Soc.  vol.  xii. 
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the  chest,  at  least  without  causing  pain ;  it  is  sometimes  carried  rather  behind, 
sometimes  in  front  of  the  body,  and  is  frequently  rotated  rather  inwards,  but 
occasionally  outwards.  The  movements  of  the  forearm  and  hand  are  not  impaired. 
The  natural  roundness  of  the  shoulders  is  lost,  the  acromion  appears  remarkably 
prominent,  and  beneath  it  there  is  a  depression  into  which  the  fingers  can  be 
pressed  ;  and  in  some  subjects  even  the  form  of  the  glenoid  fossa  of  the  scapula  can 
be  distinguished  through  the  fibres  of  the  deltoid.  The  axis  of  the  humerus  is 
evidently  altered ;  instead  of  being  directed  to  the  glenoid  fossa,  it  points  to  a  spot 
internal,  anterior  to,  and  below  it.  The  limb  usually  appears  lengthened  ;  but  on 
carefully  measuring  from  the  acromion  process  to  the  external  condyle,  and  compar- 
ing it  with  the  opposite  side,  we  find  it  frequently  equal,  or  somewhat  shorter.  Of 
forty-four  cases  of  subcoracoid  dislocation,  the  arm  was  elongated  in  nineteen,  un- 
altered in  eight,  and  shortened  in  seventeen;  the  greatest  elongation  being  one  inch, 
the  greatest  amount  of  shortening  ^  inch.  Measurement  of  the  vertical  circum- 
ference of  the  shoulder,  by  carrying  a  tape  over  the  acromion  and  under  the  axilla, 
always  gives  an  increase 

of  from  one  to  two  inches  Fig.  150. — Intracoracoid  (Malgaigne)  Dislocation  of  Hu- 
over  the  uninjured  side; 
an  important  diagnostic 
sign,  common  to  all  forms 
of  dislocations  of  the  hume- 
rus, as  pointed  out  by  Mr. 
Callaway.'  The  anterior 
fold  of  the  axilla  is  deeper 
and  fuller  than  natural,  the 
pectoral  muscle  being  raised 
by  a  rounded  swelling, 
which  partly  effaces  the 
subclavicular  fossa.  On 
placing  the  fingers  in  the 
axilla,  the  upper  and  an- 
terior part  of  this  space  is 
found  to  be  occupied  by  the 
head  of  the  humerus,  here 
covered  only  by  the  inte  - 
gument, and  moving  readily 
with  every  movement  com- 
municated to  the  elbow. 
Or  it  may  be  that  the  upper 
part  of  the  shaft  only  is 
felt  at  first  in  the  axilla ; 
but  on  raising  the  arm  from 
the  body,  the  globular  form 
of  the  head  can  generally  be  detected. 

Abundant  opportunity  is  afforded  in  our  mttsetimg  of  studying  the  effects  of 
this  accident,  both  in  the  recent  state  and  when  left  long  unreduced  ;  and  its 
usual  anatomical  characters  can  be  ascertained  with  great  precision  when  it  is 
artificially  produced  in  the  dead  subject. 

The  head  of  the  humerus  lies  on  the  anterior  surface  of  the  neck  of  the  scapula, 
immediately  below  the  coracoid  process,  in  front  of,  internal  to,  and  rather  lower 
than,  its  normal  situation.  That  part  of  the  anatomical  neck  which  separates  the 
articular  surface  from  the  great  tuberosity  rests  upon  the  anterior  edge  of  the 
glenoid  fossa.  The  subscapular  muscle  is  raised  from  the  neck  of  the  scapula, 
and  stretched  over  the  front  of,  or  above  the  head  of,  the  humerus.  The  muscle* 
from  the  back  of  the  scapula  (supraspinatus.  infraspinatus,  and  teres  minor)  are 
drawn  tightly  across  the  glenoid  fossa,  or  one  or  more  of  them  may  be  ruptured,  or 

1  Dissertation  upon  Dislocations  and  Fractures  of  the  Clavicle  and  Shoulder' Joint,  1840, 
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detached  from  the  bone.  A  portion,  or  the  whole,  of  the  greater  tuberosity  is  fre- 
quently separated,  when  it  may  be  drawn  into  the  glenoid  fossa  by  the  action  of  the 
muscles  inserted  into  it,  or  may  be  retained  in  connection  with  the  humerus  by  the 
periosteum,  or  the  capsular  ligament.  The  long  tendon  of  the  biceps  is  rarely,  if 
ever,  injured.1  The  muscles  that  descend  from  the  coracoid  process  to  the  humerus 
are  stretched  by  the  projection  of  the  head  of  the  bone  forwards,  and  the  great 
vessels  and  nerves  are  displaced  inwards.  Occasionally  the  circumflex  nerve  is 
pressed  upon  to  such  an  extent  as  to  cause  paralysis  of  the  deltoid  muscle.2 
Lastly,  the  capsular  ligament  is  lacerated  more  or  less  extensively,  anteriorly  and 
inferiorly,  the  upper  end  of  the  humerus  having  escaped  through  the  aperture.3 

When  left  long  unreduced  a  new  shallow  socket  is  formed  upon  the  anterior 
surface  of  the  neck  of  the  scapula,  partly  by  absorption  of  old  bone,  and  partly  by 
deposit  of  new,  around  its  edge.  The  exact  position  of  this  socket  varies  according 
to  the  degree  of  displacement  of  the  humerus :  in  the  first  variety  {subcoracoid  of 
Malgaigne),  the  new  cavity  is  formed  more  or  less  at  the  expense  of  the  anterior 


Fig.  151. — Subcoracoid  Disloca- 
tion ;  first  variety.  (From 
Mr.  Flower's  paper  on  the 
'  Changes  in  the  Shoulder- 
joint,'  &c,  '  Path.  Trans.'  vol. 
xii.  p.  18.3.) 


Fig.  152. — Subcoracoid  Dislo- 
cation ;  second  variety  (in- 
tracoracoid  of  Malgaigne). 
New  socket  on  front  of 
neck  of  scapula,  not  en- 
croaching on  glenoid  fossa ; 
no  grooving  of  the  head  of 
the  humerus,  but  the  greater 
tuberosity  partially  worn 
away.  Ibid. 


The  circle  A  shows  the  position  of  the  head 
of  the  humerus  in  recent  dislocations  ;  B 
the  same  when  left  long  unreduced, 
the  new  socket  encroaching  upon  the 
glenoid  fossa,  the  head  of  the  humerus 
grooved  by  the  pressure  of  the  ridge  be- 
tween the  old  and  new  socket.  Specimens 
in  this  condition  have  generally,  but  in- 
correctly, been  described  as  '  partial  dis- 
location.' 


portion  of  the  glenoid  fossa  ,  which  is  gradually  worn  away,  so  that  in  some  cases  the 
original  socket  is  finally  almost  entirely  lost.  A  corresponding  change  takes  place  in 
the  head  of  the  humerus  :  where  it  rests  upon  the  edge  of  the  glenoid  fossa,  absorp- 
tion occurs,  so  that  a  groove  is  excavated,  usually  between  the  articular  head  and  the 
great  tuberosity.  With  continued  friction,  this  increases  in  size  simultaneously  with 
the  changes  in  the  scapula  ;  the  two  accommodate  themselves  to  each  other,  and 
ultimately  the  head  of  the  latter  bone  presents  a  double  articular  surface,  separated 

1  As  Dr.  Hamilton  has  recently  asserted  that,  '  contrary  to  what  has  been  affirmed  by 
Sir  Astley  Cooper,  the  tendon  of  the  long  head  of  the  biceps  is  often  broken  asunder,  or 
detached  completely  from  its  insertion  '  (op.  cit.  p.  535),  I  may  mention  that  the  statement 
in  the  text  is  founded  on  examination  of  numerous  specimens  and  reports  of  dissections. 

2  See  a  preparation  in  the  Museum  of  St.  Bartholomew's  Hospital,  A  42. 

3  A  preparation  in  St,  Bartholomew's  Hospital,  taken  from  a  man  who  died  twelve  hours 
after  reduction  of  a  characteristic  subcoracoid  dislocation,  shows  the  capsule  detached  from  the 
anterior  margin  of  the  glenoid  fossa  and  slightly  from  the  contiguous  part  of  the  neck  of  the 
scapula,  but  preserving  its  continuity  with  the  periosteum  of  this  part.  Med.-Chir.  Trans. 
vol.  xliii.  p.  317. 
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by  a  vertical  ridge  ;  the  posterior  portion  being  part  of  the  old  glenoid  cavity,  the 
anterior  the  newly-formed  socket.  These  respectively  articulate  with  the  two  sides 
of  a  wide  groove  placed  vertically  on  the  head  of  the  humerus,  and  thus  a  rude  kind 
of  joint,  which  allows  of  a  certain  amount  of  motion,  is  formed.  In  consequence  of 
the  absorption  that  has  taken  place  in  both  bones,  the  head  of  the  humerus  has  by 
this  time  made  considerable  progress  towards  regaining  the  position  it  occupied  before 
the  injury,  and  therefore  the  external  signs  of  dislocation  become  to  a  certain  extent 
removed.  The  under-surface  of  the  coracoid  process,  especially  near  its  tip,  is  almost 
always  found  smooth  and  eburnated,  having  entered  into  the  formation  of  the  new 
articulation.1  If  the  head  of  the  humerus  is  placed  further  under  the  coracoid 
process  (intracoracoid  of  Malgaigne),  the  new  socket  upon  the  neck  of  the"  scapula  is 
formed  quite  outside  the 

margin  of  the  glenoid  fossa,  Lig.  Lr>3. — Subglenoid  Dislocation  of  Humerus.  (From 
upon  which  it  does  not  en- 
croach. It  is  then  a  simple 
cup-shaped  depression,  and 
the  head  of  the  humerus 
undergoes  none  of  the 
changes  above  described, 
but  is  generally  worn  away 
on  the  side  of  the  greater 
tuberosity  by  the  friction 
against  the  anterior  edge  of 
the  glenoid  fossa,  and  hence 
assumes  a  somewhat  oval 
shape.  In  these  cases  the 
coracoid  process  is  not  usu- 
ally a  part  of  the  new  arti- 
culation. Between  the  two 
extremes,  all  intermediate 
varieties  are  found ;  the 
position  of  the  new  socket, 
quite  free  from,  or  more 
or  less  encroaching  upon, 
the  glenoid  fossa,  the  head 
of  the  humerus  unaltered, 
flattened  on  its  outer  side,  or  grooved,  being  circumstances  which  all  depend  upon 
the  exact  situation  in  which  the  bone  has  found  its  new  lodgment.  As  in  unreduced 
dislocations  of  long  standing  elsewhere,  the  surfaces  of  the  bones  which  are  in  contact 
are  generally  divested  of  cartilage,  and  in  places  hard  and  polished. 

Probably  the  time  required  to  effect  these  changes  varies  much  under  different; 
circumstances.  In  a  specimen  in  St.  Bartholomew's  Hospital  Museum,2  in  which 
the  accident  is  said  to  have  occurred  three  months  before  death,  absorption  of  the 
anterior  edge  of  the  glenoid  fossa  has  already  commenced,  and  some  bone  is  deposited 
in  the  margin  of  the  new  socket. 

2.  Subglenoid. — As  every  intermediate  condition  may  be  met  with  between  this 
and  the  last,  it  may  be  regarded  as  a  variety  of  that  common  injury,  in  which  the 
head  of  the  humerus,  instead  of  being  drawn  up  against  the  coracoid  process  by 
the  action  of  the  muscles  passing  from  the  shoulder  to  the  arm,  has  remained  at 
some  distance  below  this  point. 

According  to  Malle,  the  principal  circumstance  which  prevents  the  bone  ascend- 
ing, seems  to  be  that  the  anterior  portion  of  the  capsular  ligament  remains  entire, 
rupture  of  the  lower  part  only  having  taken  place.3 

1  Specimens  which  have  presented  these  characters  have  generally  been  cited  as  examples 
of  'partial  dislocation.'  2  C  103. 

3  '  Memoire  sur  les  Luxations  scapulo-humurales/  Mem.  de  VAcad.  de  Med.  tome  viii. 
p.  505.  See  also  Goyrand,  '  Nouvelles  Etudes  sur  la  Luxation  en  bas  ou  sous-ylenoidienue/ 
Mini,  de  la  Sue.  de  Chiruryie,  tome  i.  p.  21. 
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In  the  most  characteristic  cases,  the  head  of  the  humerus  is  thrown  below  the 
glenoid  fossa,  and  rather  forwards  and  inwards,  resting  upon  the  inner  border  of  the 
inferior  costa  of  the  scapula,  and  may  be  felt  very  prominently  in  the  axilla.  The 
symptoms  are  much  the  same  as  in  subcoracoid  dislocation,  but  rather  more  marked . 
The  depression  beneath  the  acromion  is  greater ;  the  arm  is  separated  farther  from 
the  side,  and  is  generally  lengthened,  but  occasionally  is  unaltered  in  this  respect,  or 
it  may  be  even  shortened.  This  variation  in  length  may  be  accounted  for,  partly  by 
the  uncertain  position  of  the  head  of  the  humerus,  which  may  be  either  close  upon 
the  edge  of  the  glenoid  cavity,  or  farther  back  in  the  subscapular  fossa,  and  partly 
by  the  diminution  of  the  distance  between  the  acromion  and  the  external  condyle, 
dependent  upon  the  projection  of  the  elbow  from  the  side.1  On  the  whole,  the 
length  of  the  arm  is  little  to  be  depended  on  as  a  diagnostic  mark  of  dislocation. 
The  main  distinction  between  this  and  the  last  is  the  interval,  of  from  one  to  two 
fingers'  breadth,  felt  between  the  coracoid  process  and  the  head  of  the  humerus. 

The  most  common  cause  of  subglenoid  dislocation  is  a  fall  upon  the  hand  or 
elbow  ;  it  rarely  proceeds  from  a  direct  blow  upon  the  shoulder. 

In  the  only  two  specimens  of  unreduced  dislocations  of  this  kind  that  I  have  been 
able  to  find  in  the  anatomical  museums  of  London,  a  new  osseous  socket  has  formed  for 
the  head  of  the  humerus  on  the  upper  part  of  the  anterior  border  of  the  inferior  costa 
of  the  scapula,  encroaching  considerably  upon  the  lower  and  anterior  part  of  the 
glenoid  fossa.  One  of  these  2  has  been  figured  by  Sir  A.  Cooper,  and  its  subsequent 
reproduction  by  other  authors  has  contributed  much  to  confirm  the  error  of  regarding 
this  as  the  usual  form  of  dislocation  of  the  shoulder.  From  examination  of  specimens 
in  museums,  and  from  numerous  recent  cases,  I  should  conclude  that  not  more 
than  one  in  ten  of  all  dislocations  of  the  humerus  can  properly  be  called  subglenoid. 

Luxatio  erecta. — Two  examples  of  this  very  exceptional  variety  of  subglenoid  dis- 
location came  under  my  notice  in  King's  College  Hospital  between  1856  and  1862. 
In  both  the  arm  was  strongly  abducted  and  raised.  The  elevation  was  so  great  that 
one  patient,  a  sailor,  supported  the  arm  by  grasping  the  upper  end  of  a  short  stick 
above  the  level  of  his  vertex,  the  other  end  of  the  stick  being  stuck  in  the  waist- 
band of  his  trousers ;  and  the  other  patient,  a  baker,  rested  his  hand  on  the  top  of 
his  head.  The  caput  humeri  could  in  both  cases  be  felt  plainly  very  low  in  the 
axilla.  The  axis  of  the  shaft  of  the  humerus  was  directed  upwards  and  laterally 
outwards  from  the  trunk.  A  fall  from  aloft,  in  which  the  man  was  caught  in  the 
rigging,  occasioned  the  luxation  in  the  sailor,  and  a  fall  through  a  trapdoor,  in  which 
he  clutched  a  ladder  in  the  effort  to  save  himself,  produced  it  in  the  baker.  In  both 
cases  the  luxation  had  occurred  several  weeks  before  the  patients  were  brought  to 
the  hospital,  and  reduction  could  not  be  effected  ;  but  the  arm  was  brought  down  to 
the  side.  In  the  sailor's  case,  as  the  deltoid  appeared  to  offer  the  chief  obstacle  to 
depressing  the  arm,  Sir  Wm.  Fergusson  divided  it  subcutaneously,  but  without 
material  gain. — (J.  W.  H.) 

3.  Subclavicular. — 'The  head  of  the  os  humeri  placed  below  the  middle  of  the 
clavicle,  and  on  the  sternal  side  of  the  coracoid  process.'  As  the  subglenoid  may  be  re- 
garded as  a  variety  of  the  ordinary  form  of  dislocation  in  which  the  head  of  the 
humerus  is  placed  unusually  low,  so  may  this  be  considered  as  one  in  which  it  has 
passed  farther  than  common  in  an  inward  and  upward  direction.  The  cases  in 
which  the  position  of  the  bone  exactly  corresponds  to  the  above  definition  of  Sir  A. 
Cooper  must  be  very  rare  indeed,  although  there  are  a  sufficient  number  on  record 
to  prove  the  possibility  of  its  occurrence.  In  one  example  described  by  Malgaigne, 
the  head  of  the  humerus  was  thrust  between  the  deltoid  and  the  pectoralis  major, 
and  was  only  covered  in  the  interval  by  the  integuments. 

We  know  little  of  the  anatomical  chai-acters  of  this  injury,  and  there  is  no 
preparation  in  any  of  the  London  museums  which  exhibits  them.    In  one  specimen 

1  Well  illustrated  by  a  diagram  in  Callaway's  Essay  on  the  KhouMer-.Toint ,  p.  109. 

-  Now  in  the  Museum  of  St.  Thomas's  Hospital,  B  11.  The  other  is  in  the  Museum  of 
the  Royal  College  of  Surgeons,  No.  8275.  There  is  a  specimen  in  King's  College  Museum  (No. 
l-'542)  which  is  intermediate  between  subcoracoid  and  subglenoid. 
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in  St.  Bartholomew's  Hospital  Museum,1  the  head  of  the  humerus  is  said  to  have 
been  1  found  resting  on  the  subscapular  fossa,  and  immediately  below  the  clavicle ; ' 
but  it  has  unfortunately  been  removed  from  this  situation  in  putting  up  the  prepara- 
tion. In  two  cases  of  unreduced  dislocation  in  another  museum,  in  which  the  head 
of  the  bone  is  described  in  the  catalogue  as  being  '  under  the  clavicle,'  the  new 
socket  is  distinctly  seen  to  be  immediately  below  the  coracoid  process.  This,  I 
suspect,  has  been  really  the  case  in  most  of  the  so-called  '  subclavicular'  dislocations 
which  have  been  put  on  record.  In  consequence  of  the  subcoracoid  not  having 
been  recognised  as  a  common  variety,  any  dislocation  that  was  not  subglenoid  was 
necessarily  supposed  to  he  subclavicular. 

The  characteristic  symptoms,  according  to  Malgaigne,  are  as  follows  :  the  arm 
is  pressed  against  the  chest,  it  appears  in  some  cases  to  be  lengthened,  in  others 

FlG.  154. — Subclavicular  Dislocation.  Fig.  155. — Subspinous  Dislocation.    (From  a 

(From  a  model  by  Mr.  Flower,  in  model  by  Mr.  Flower,  iu  the  Middlesex 

the  Middlesex  Hospital  Museum.)  Hospital  Museum.) 


shortened  ;  the  elbow  is  but  slightly  removed  from  the  side,  and  points  either  directly 
outwards  or  somewhat  backwards.  The  head  of  the  humerus  is  felt  on  the  inner 
side  of  the  coracoid  process,  making  usually  a  very  apparent  projection  forwards, 
Sometimes  it  is  by  no  means  so  conspicuous,  but  lies  deeply  in  the  subclavicular 
fossa.  It  approaches  the  clavicle  in  some  cases  so  nearly  as  to  touch  it.  In  the 
axilla  the  shaft  is  felt,  but  not  the  head  of  the  bone,  even  when  the  arm  is  raised  to 
a  right  angle  with  the  body.  The  causes  are  either  a  violent  blow  or  fall  directly 
on  the  outside  of  the  shoulder,  or  a  fall  upon  the  hand  or  elbow,  pushing  the  humerus 
directly  upwards  and  inwards. 

•4.  Supracoracoid. — Malgaigne  founded  this  variety  upon  a  single  case,  in  which 
the  head  of  the  humerus  appeared  to  be  dislocated  upwards  and  forwards,  and 
rested  upon  the  coraco-acromial  ligament,  touching  externally  the  inner  border  of  the 
acromion,  internally  the  coracoid  process,  which  it  covered,  and  projecting  under 
and  raising  the  deltoid.2 


1  Series  iii.  No.  55.  •  Op,  cit.  tome  ii.  p.  580. 
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M  >re  recently,  Mr.  Holmes  has  published  an  account  of  the  dissection  of  a  case  where 
the  coracoid  process  being  fractured,  the  head  of  the  humerus  rested  on  its  stump,  and  on 
the  clavicle,  fairly  out  of,  above,  and  a  little  anterior  to,  the  glenoid  fossa,  and  having 
passed  through  the  fibres  of  the  deltoid  muscle,  was  only  covered  by  the  integument.  The 
long  tendoD  of  the  biceps  was  displaced  to  the  outer  side  of  the  head  of  the  bone.  The 
preparation  is  now  in  the  Museum  of  St.  George's  Hospital.  In  the  same  paper  the  symptoms 
of  an  apparently  similar  cas3,  observed  by  Mr.  Prescott  Hewett,  are  described.1 

5.  Subspinous. — This  is  also  a  rare  form  of  injury,  but  one  of  which  the  charac- 
ters are  so  well  marked,  that  it  is  not  liable  to  be  confounded  with  any  of  the  others. 
There  are  four  good  specimens,  illustrating  its  effects  when  left  unreduced,  in  the 
anatomical  museums  of  London.  Out  of  159  cases  of  scapulo-humeral  luxation 
recorded  at  the  Middlesex  Hospital,  three  are  assigned  to  this  variety. 

Malgaigne  describes  two  forms  of  dislocation  backwards,  '  subacromial '  and 
'  subspinous.'  As  the  former  is  only  a  less  complete  variety  of  the  la.tter,  it  seems 
unnecessary  to  retain  the  distinction.  The  subacromial  is  undoubtedly  the  most 
common ;  but  the  name  is  objectionable,  as  it  does  not  express  any  change  from  the 
normal  situation  of  the  head  of  the  humerus. 

The  displaced  head  of  the  bone  may  r-est  either  on  the  posterior  edge  of  the 
glenoid  fossa,  on  the  back  of  the  neck  of  the  scapula,  beneath  the  posterior  angle  of 
the  acromion,  or,  more  rarely,  on  the  dorsum  of  the  scapula  below  the  spine.  On 
dissection,  the  tendon  of  the  subscapularis  is  generally  found  to  be  detached  from 
the  lesser  tuberosity. 

The  symptoms  vary  according  to  the  amount  of  displacement  of  the  head  of  the 
bone,  being  proportionately  more  marked  as  this  is  farther  removed  from  the  glenoid 
cavity.  There  is  always  the  flattening  of  the  shoulder  and  prominence  of  the 
acromion,  common  to  all  luxations  of  the  humerus.  The  head  of  the  bone,  covered 
with  muscles,  forms  a  marked  protuberance  on  the  back  of  the  scapula,  immediately 
under  the  posterior  angle  of  the  acromion  ;  in  front,  between  it  and  the  coracoid 
process,  is  a  considerable  depression.  The  length  of  the  arm  is  unaltered,  or  but 
slightly  increased ;  it  is  generally  applied  closely  to  the  side,  and  rotated  inwards, 
with  the  elbow  usually  advanced.  The  most  frequent  causes  of  dislocation  back- 
wards are  falls  either  upon  the  shoulder,  or  upon  the  elbow  when  advanced. 
Violent  twisting  of  the  arm  inwards  has  produced  it,  and  so  has,  not  un frequently, 
convulsive  muscular  action  in  a  fit  of  epilepsy. 

Partial  dislocations. — Sir  A.  Cooper  and  most  of  his  contemporaries  believed  in 
the  existence  of  these  injuries,  but  many  recent  surgical  authors  doubt  even  the 
possibility  of  the  head  of  the  humerus  being  retained  in  the  position  indicated  by  the 
term  'partial  dislocation,'  unless  under  very  exceptional  circumstances.  Malgaigne, 
rejecting  the  greater  number  of  cases  previously  brought  forward,  as  being  examples 
either  of  complete  luxation,  or  of  pathological  changes  in  the  articulation,  has 
described  several,  which  appear  to  him  conclusive  instances  of  '  incomplete  subcora- 
coid  dislocation.'  But  these  cases  are  not,  in  my  opinion,  either  in  their  symptoms 
or  post-mortem  appearances,  sufficiently  distinct  from  the  ordinary  form  of  the 
injury  to  warrant  our  placing  them  in  a  separate  division.  I  am  therefore  disposed 
to  agree  with  Dr.  R.  Adams  in  denying  '  that  the  case  of  partial  luxation  of  the 
head  of  the  humerus,  as  the  result  of  accident,  has  ever  been  satisfactorily  proved, 
either  in  the  living  or  dead  subject.'  2 

Treatment. — Most  cases  of  dislocation  of  the  humerus,  when  recent,  are  reducible 
without  difficulty.  It  is  only  where  the  injury  is  of  such  long  standing  that  the 
parts  have  become  rigid,  and  are  beginning  to  adapt  themselves  to  their  new  state, 
or  in  some  of  the  inore  unusual  positions  of  the  bone,  that  any  mechanical  aid  need 
be  brought  into  requisition.    The  method  of  treatment  which  is  best  adapted  for  the 

1  Medico- Chirurg.  Trans,  vol.  xh.  p.  447. 

2  Art.  '  Abu  n-rnal  Conditions  of  the  Shoulder-Joint,'  Cychp.  A/itdom>/  and  P.'iusi  olot/y, 
vol.  iv.  p.  60(3. 
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ordinary  forms  of  scapulo-humernl  dislocation  will  be  considered  first,  and  the  special 
modifications  required  for  the  rarer  varieties  will  be  mentioned  afterwards. 

The  use  of  chloroform  or  ether  has  superseded  all  the  agents  formerly  employed 
to  produce  a  lax  condition  of  those  muscles  which,  by  their  spasmodic  contraction, 
often  present  so  great  an  obstacle  to  the  reduction.  In  recent  dislocations,  when 
the  patient  is  of  average  size  and  muscularity,  it  is  not  usually  required,  at  all  events 
not  till  after  an  attempt  at  reduction  by  the  usual  methods  has  failed,  and  some 
more  severe  means  have  to  be  put  into  operation.  In  persons  of  great  muscular 
power,  and  especially  if  two  or  three  days  have  elapsed  since  the  injury,  its  adminis- 
tration will  be  advisable.  After  a  longer  period,  no  attempt  at  reduction  should  be 
made  without  it,  not  only  on  account  of  the  saving  of  pain,  but  because  it  renders 
the  chances  of  success  far  more  favourable. 

In  very  relaxed  subjects,  especially  if  it  is  not  the  first  time  of  the  occurrence  of 
the  injury,  it  sometimes  happens  that  a  slight  movement  of  the  limb  on  the  part  of 
the  surgeon  will  effect  the  reduction.  Either  while  lifting  the  arm  from  the  side  or 
in  pressing  upon  the  head  of  the  bone  with  the  fingers  in  the  process  of  examination , 
it  is  felt  to  go  back  into  its  place  with  a  slight  snap.  But  in  most  cases  it  is  held  in 
its  new  position  with  such  an  amount  of  firmness  as  to  require  that  further  measures 
should  be  taken.  Nearly  all  surgeons  who  have  approached  the  subject  scientifically 
have  agreed,  both  from  reasoning  and  experiment,  that  the  direction  which  most 
favours  1'eduction  of  the  humerus,  both  by  obviating  mechanical  obstacles  and  by 
relaxing  the  tension  of  the  numerous  muscles  that  pass  to  it  from  the  scapula,  is  one 
in  which  the  axis  of  the  bone  shall  he  a  line  exactly  perpendicular  to  the  surface  of 
the  glenoid  fossa,  which  line,  if  prolonged  backwards,  is  nearly  coincident  with  the 
lower  border  of  the  spine  of  the  scapula.  In  all  the  most  successful  methods  of 
reduction  the  traction  is  in  reality  exercised  more  or  less  in  this  line,  although,  if  the 
scapula  is  regarded  as  a  fixed  instead  of  a  movable  point,  it  may  seem  otherwise. 
But,  in  fact,  so  much  can  this  bone  turn  upon  its  axis,  that,  whether  in  the  method 
of  pulling  the  humerus  upwards,  advocated  by  White  and  La  Mothe,  horizontally 
outwards,  recommended  by  Malgaigne,  or  downwards  with  the  heel  in  the  axilla,  so 
generally  adopted  by  Sir  A.  Cooper  and  most  surgeons  in  this  country,  although  the 
line  of  traction  appears  so  widely  different  as  regards  the  body  of  the  patient,  yet  the 
two  points  with  which  we  have  specially  to  deal,  viz.  the  glenoid  fossa  and  head  of 
the  humerus,  are  not  far  different  in  their  relation  to  each  other.  The  importance  of 
the  mobility  of  the  scapxda  in  facilitating  the  reduction  of  dislocations,  hitherto  much 
overlooked,  has  been  particularly  pointed  out  by  Mr.  Skey.1 

When  we  have  a  recent  case  to  deal  with,  in  which  we  do  not  anticipate  any 
particular  difficulty,  we  may  commence  with  the  following,  as  the  simplest  method  of 
reduction.  The  patient,  seated  on  a  chair,  maybe  led  to  believe  that  the  examination 
is  still  going  on,  so  that  no  extraordinary  effort  of  resistance  on  his  part  takes  place  ; 
for  if  he  is  prepared  for  what  he  believes  must  be  a  serious  operation,  the  muscles  are 
often  involuntarily  rendered  tense.  The  surgeon,  standing  behind  or  before  the 
patient,  as  is  most  convenient,  places  his  left  hand  upon  the  shoulder  to  steady  it, 
and  with  the  other,  grasping  the  arm  a  little  above  the  elbow  (which  should  be  flexed 
in  order  to  relax  the  biceps),  raises  it  rather  above  the  horizontal  line,  giving  it  a 
slight  rotatory  motion  inwards,  combined  with  moderate  extension ;  at  the  same 
time,  with  the  fingers  or  thumb  of  the  hand  which  is  placed  upon  the  shoulder,  the 
head  of  the  bone  may  be  pressed  backwards  and  upwards  into  the  glenoid  cavity.  In 
this  way,  dislocations  may  often  be  reduced  without  any  assistance.  Without 
altering  the  position  of  the  patient,  the  surgeon  may  gain  more  power  over  the 
humerus  by  placing  his  foot  upon  the  side  of  the  chair,  and  pressing  his  knee  into 
the  axilla,  by  which  means  he  will  get  some  counter-pressure  against  the  wall  of  the 
chest,  and  firmer  leverage,  to  raise  the  upper  end  of  the  humerus  into  its  place. 

In  the  event  of  failure  by  these  simple  methods,  the  patient  is  placed  upon  his 
back  upon  a  couch,  and  the  surgeon,  seated  by  the  affected  side,  places  his  heel  (the 
boot  being  removed)  well  up  into  the  axilla,  pressing  upon  the  lower  border  of  the 
1  Operative  Surgery,  2nd  edit.  1858,  p.  105. 
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scapula ;  grasping  with  both  hands  the  lower  part  of  the  forearm,  aud  leaning  him- 
self backwards,  he  draws  the  limb  steadily  downwards  ;  the  heel  being  at  the  same 
time  made  to  press  the  head  of  the  bone  outwards.  Directly  it  is  felt  to  slip  back 
into  the  socket,  the  extension  should  cease,  and  the  forearm  be  brought  across  the  chest. 

In  all  cases  the  traction  must  be  gradual,  steady,  and  continued,  never  violent  or 
sudden ;  and  as  these  conditions  can  be  obtained  more  surely  by  means  of  the  pulleys 
than  by  the  exertions  of  assistants,  in  old-standing  cases,  where  not  only  the  resis- 
tance of  muscular  spasm  has  to  be  overcome,  but  fibrous  adhesions  have  also  to  be 
broken  down,  it  will  be  necessary  to  resort  to  these  aids.  The  extending  power  is 
fastened  to  the  lower  end  of  the  humerus,  and  the  shoulder  is  fixed  by  towels  or 
straps  passed  under  the  axilla,  and  made  fast  to  a  staple  in  the  wall.  As  the  usual 
arrangements  for  counter-extension  have  the  great  disadvantage  of  compressing  the 
walls  of  the  axilla,  and  so  making  tension  upon  the  pectoralis  major  and  latissimus 
dorsi  muscles,  which  ought  to  be  relaxed,  Mr.  Skey  employed  a  well-padded  iron 
knob,  from  which  two  strong  branches  of  the  same  metal  extend  laterally,  each 
about  four  inches  in  length,  ending  in  a  bulb  or  ring,  the  office  of  which  is  to  keep 
the  margins  of  the  axilla  as  free  from  pressure  as  possible,  and  to  which  the  cords 
from  the  staples  are  attached;  the  iron  knob  is  passed  high  into  the  axilla,  and 
acts  as  the  heel  in  the  ordinary  operation.'  1 

In  a  case  of  twenty-five  days'  standing,  which  resisted  all  attempts  at  reduction 
by  extension,  Mr.  Cock,  at  Guy's  Hospital,  adopted  the  following  plan  :  '  an  air-pad 
made  of  vulcanised  india-rubber  was  placed  in  the  axilla,  and  the  arm  firmly  bandaged 
to  the  side ;  the  air-pad  thus  being  made  to  exert  a  powerful  outward  pressure  upon 
the  head  of  the  bone.  Upon  removing  the  bandage  upon  the  third  day,  the  head  of 
the  bone  was  found  to  have  returned  to  its  natural  position.'  2 

Dislocations  downwards  or  backwards  may  be  reduced  upon  much  the  same 
principles  as  those  under  the  coracoid  process  ;  in  the  latter  case  the  traction  should 
be  made  in  a  somewhat  forward  direction.  The  true  subclavicular  dislocation  is  the 
most  difficult  to  manage,  and  has  sometimes  resisted  every  attempt  at  reduction, 
even  in  the  hands  of  the  most  experienced  surgeons.  To  disengage  the  head  of  the 
humerus  from  the  coracoid  process,  it  will  have  to  be  drawn  downwards  and 
forwards. 

When  reduction  has  been  accomplished,  the  joint  should  be  kept  at  rest  for  two 
or  three  weeks,  the  arm  being  placed  in  a  sling  with  the  elbow  lightly  bound  to  the 
side,  and  all  violent  exercise  prohibited  for  several  months,  as  a  comparatively  slight 
cause  may  produce  a  second  dislocation.  Hamilton,  who  has  give  us  many  valuable 
observations  upon  the  results  of  dislocations,  makes  the  remark  that '  the  head  of  the 
humerus  sometimes  remains  for  a  long  time  after  the  reduction  has  been  effected, 
slightly  advanced  in  its  socket,  so  as  to  lead  to  a  suspicion  that  it  is  not  properly  re- 
duced ; '  and  states  that  the  probable  explanation  of  this  circumstance  is,  that  '  the 
long  head  of  the  biceps  has  been  broken  or  displaced.'  3  I  think  that  it  should  be 
attributed  rather  to  injury  of  the  posterior  scapular  muscles,  which,  as  before 
mentioned,  suffer  more  frequently  than  the  tendon  of  the  biceps. 

In  cases  that  have  been  neglected  it  often  becomes  a  question  whether  we  are 
justified  in  attempting  a  reduction,  or  whether  the  head  of  the  bone  should  be  left, 
with  the  new  connections  it  has  formed,  undisturbed.  On  this  point  the  surgeon 
must  exercise  his  judgment  in  each  particular  case;  but,  as  a  general  rule,  the  limit 
laid  down  by  Sir  A.  Cooper,  of  twelve  weeks,  may  be  taken  as  a  guide.  Many 
surgeons  have,  indeed,  ventured  much  farther,  and  cases  are  reported  of  successful 
reductions  after  twelve,  and  even  eighteen,  months ;  but  it  must  not  be  forgotten 
that  we  know  less  than  we  should  do  of  the  serious  accidents  which  have  often 
attended  such  attempts,  one  of  the  most  frequent  of  which  is  laceration  of  the 
axillary  artery.  Already  a  considerable  list  of  fatal  cases  from  this  cause  might  be 
collected.4 

1  See  figure  in  Skey's  Operatioe  Surgery,  2nd  edit.  p.  10(>. 

2  Bryaut,  Diseases  and  Injuries  of  Joints,  1859,  p.  227. 

3  Op.  cit.  p.  569.  4  See  Hamilton,  op.  cit.  p.  554. 
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A  case  of  tins  kind  was  published  h}  Mr.  Callender,  in  the  2nd  volume  of  St.  Bartho- 
lomew's Hospital  Reports,'  1866,  p.  96.  A  gardener,  set.  61 ,  fell  from  a  roof  to  the  ground,  and 
dislocated  his  left  humerus.  The  dislocation  was  reduced,  but  was  afterwards  reproduced  by  an 
incautious  movement  of  the  arm.  At  the  end  of  the  sixth  week  he  was  sent  into  the  hos- 
pital, where  the  head  of  the  humerus  was  plainly  felt  in  the  axilla,  drawn  up  towards  the 
coracoid  process.  It  was  reduced,  under  chloroform,  with  the  exercise  of  very  slight  force, 
by  circumducting  the  arm.  Directly  afterwards  a  swelling  rapidly  rising  and  projecting 
the  pectoral  muscle  was  noticed,  and  as  it  did  not  pulsate  and  the  radial  pulse  heat  naturally, 
it  was  thought  that  the  swelling  might  be  due  to  the  rupture  of  a  vein  or  of  a  muscular 
artery.  As  the  swelling  continued  to  increase  and  the  limb  was  greatly  ecchymosed,  it  was 
laid  freely  open,  and  after  turning  out  a  large  quantity  of  clot,  a  stream  of  arterial  blood  was 
seen  to  issue  from  a  small  round  hole  in  the  upper  wall  of  the  axillary  artery.  This  vessel 
was  tied  above  and  below  the  orifice.  Gangrene  of  the  limb  ensued,  and  the  man  died  with 
symptoms  of  pulmonary  embolism. 

Compound  dislocation  at  the  shoulder-joint  is  extremely  rare,  although  cases 
have  been  met  with  in  which  the  head  of  the  humerus  has  been  driven  through  the 
skin.1  It  still  remains  to  be  determined  by  experience  whether,  under  such  circum- 
stances, reduction  or  resection  of  the  head  of  the  bone  is  the  safer  method  of  treat- 
ment. The  latter  practice  is  most  likely  to  be  followed  by  success,  if  we  may  draw 
inferences  from  the  results  that  have  been  obtained  by  its  adoption  in  similar 
injuries  to  other  articulations. 

When  fracture  of  the  shaft  accompanies  dislocation  of  the  head  of  the  humerus, 
the  hone  should  be  firmly  put  up  in  straight  splints,  and,  chloroform  being  adminis- 
tered, reduction  should  be  attempted  by  the  usual  methods.  Dislocations  combined 
with  fractures  of  the  neck  are  often  impossible  to  reduce,  and,  as  several  preparations 
in  our  museums  show,  they  then  terminate  either  in  union  in  the  new  position,  or 
in  the  formation  of  a  false  joint  between  the  fractured  ends — in  either  case  accom- 
panied by  shortening  of  the  limb.  Since  the  introduction  of  chloroform,  however, 
more  favourable  results  have  been  obtained  in  these  cases ;  for  when  the  muscles  are 
thoroughly  relaxed,  and  gentle  extension  is  made  on  the  shaft,  the  head  of  the  bone 
can  often  be  manipulated  back  into  its  socket.  Then  it  must  be  fixed  by  a  pad  in 
the  axilla  and  a  gutta-percha  splint  over  the  shoulder,  before  the  recovery  of 
the  patient  from  the  anaesthetic  allows  the  muscles  to  resume  their  spasmodic 
contractions. 

Among  the  rarer  complications  of  dislocated  humerus  may  be  mentioned  rupture 
of  the  axillary  artery,  of  which  a  case  is  related  by  Dr.  R.  Adams.  It  was  recog- 
nised by  the  diffused  aneuiismal  swelling  in  the  axilla,  and  absence  of  pulse  at  the 
wrist.  After  the  dislocation  was  reduced,  the  subclavian  artery  was  tied,  and  the 
patient  recovered.'2 

Occasionally  both  humeri  are  dislocated  at  the  same  time.  A  man  was  brought 
recently  to  the  Middlesex  Hospital,  to  whom  this  had  occurred  in  falling  into  a 
cellar,  with  both  aims  stretched  out  before  him. 

Dislocations  of  the  Vina  and  Radius  at  the  JSlbow-joint. 

Though  dislocation  of  the  humerus  rarely  occurs  before  the  age  of  twenty,  the 
hones  of  the  forearm  are  especially  liable  to  this  accident  in  childhood  and  youth. 
More  than  one-half  of  the  cases  of  dislocation  at  the  elbow,  in  the  statistical  tables 
at  pp.  946-7,  occurred  in  boys  between  the  age  of  five  and  fifteen.  Of  thirty-three 
cases  observed  by  Dr.  F.  H.  Hamilton,  nineteen  were  in  children  under  fourteen 
years  of  age. 

Malgaigne  concludes,  from  experiments  ujjon  the  dead  subject,  and  from  careful 
examination  and  interrogation  of  patients  who  have  met  with  this  accident,  that  the 
most  frequent  cause  of  nearly  every  form  of  luxation  at  the  elbow -joint  is  a  twist 
given  to  the  ulna,  which  brings  the  coronoid  process  successively  inwards,  down- 
wards, and  backwards,  and  which  may  be  produced  by  a  fall  upon  either  the  internal 
bol  der  of  the  forearm  or  the  inner  side  of  the  olecranon.    Other  authors  state  that 

1  See  Holden,  St.  Bartholomew's  Hasp.  Hepfs..  vol.  xii.  p.  41. 

2  Cyclop.  Anat.  and  JPhys.  art.  '  Shoulder,  Abnormal  Conditions  ol,'  p.  616. 
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this  injury  is  more  frequently  occasioned  by  a  fall  in  which  the  palm  of  the  hand 
comes  into  violent  contact  with  the  ground,  so  that  the  forearm  is  driven  directly 
back  under  the  lower  end  of  the  humerus. 

The  bones  may  be  displaced  backwards,  forwards,  or  to  either  side ;  besides 
these,  there  may  be  intermediate  forms,  as  backwards  and  outwards,  backwards  and 
inwards.  Each  form  may  be  incomplete,  or  complete  :  and  as  exceedingly  rare 
varieties  may  be  mentioned,  dislocation  of  the  ulna  alone  backwards,  the  radius 
remaining  in  its  normal  situation,  and  a  dislocation  of  both  ulna  and  radius,  in 
which  the  former  is  displaced  backwards  and  the  latter  forwards,  with  reference  to 
the  lower  end  of  the  humerus.  There  may  also  be  the  complication  of  fracture  of 
the  olecranon  or  coronoid  process  of  the  ulna,  of  either  of  the  condyles  of  the 
humerus,  or  of  the  head  of  the  radius,  or  the  dislocation  may  be  compound.  Much 
swelling  of  the  arm  often  follows  these  accidents,  frequently  masking  their  special 
characters,  and  rendering  it  difficult  to  establish  an  accurate  diagnosis. 

The  only  one  of  the  above-named  varieties  which  is  at  all  common  is  dislocation 
of  both  bones  of  the.  forearm  backwards.  When  this  is  complete,  the  coronoid  process 
(if  not  fractured)  is  lodged  in  the  olecranon  fossa  of  the  humerus.  According  to 
fifalgaigne,  this  condition  is  not  so  common  as  the  incomplete  form,  in  which  the 
process  rests  upon  the  trochlea  of  the  humerus.  The  radius  almost  always  maintains 
its  relative  position  to  the  ulna,  being  held  by  the  orbicular  ligament.  The  anterior 
and  two  lateral  ligaments  of  the  elbow-joint  are  generally  torn. 

The  following  symptoms  accompany  dislocation  backwards,  when  in  its  most 
complete  and  characteristic  form.  The  whole  arm  appears  shortened.  The  forearm 
is  slightly  flexed  and  pronated  ;  it  can  be  moved  from  side  to  side  upon  the  humerus 
if  that  bone  be  fixed.  The  elbow  exhibits  a  marked  deformity,  being  increased  in 
its  antero-postcrior  diameter.  The  olecranon  is  carried  backwards  and  upwards,  so 
that  its  point  is  above  the  condyles  of  the  humerus ;  the  tendon  of  the  triceps 
attached  to  it  is  rendered  veiy  prominent.  On  the  external  side  the  head  of  the 
radius,  carried  entirely  behind  the  humerus,  can  be  recognised  rolling  upon  the  ulna 
when  the  hand  is  rotated.  Anteriorly  the  lower  end  of  the  humerus  forms  a 
prominence,  over  which  the  tendons  of  the  biceps  and  of  the  brachialis  anticus 
muscle  are  stretched. 

The  various  lateral  displacements  may  readily  be  recognised  by  the  deformity  of 
the  elbow  occasioned  by  the  new  relations  of  the  bones  to  each  other.  Dislocation 
outwards  is  much  more  frequent  than  in  the  opposite  direction. 

The  luxation  forwards  is  extremely  rare,  and  yet  it  has  been  met  with,  both  in 
the  incomplete  and  complete  form  ;  in  the  former  the  summit  of  the  olecranon  rests 
against  the  inferior  part  of  the  trochlea  of  the  humerus,  and  the  radius  is  below  and 
somewhat  separated  from  the  external  condyle ;  the  prominence  of  the  olecranon 
posteriorly  has  disappeared,  and  on  each  side  the  condyles  of  the  humerus  are  un- 
usually prominent,  with  a  depression  below  them  ;  the  arm  is  elongated.  In  the 
complete  dislocation  all  the  above  characters  are  present  in  a  more  marked  degree. 

Treatment. — The  reduction  of  dislocations  at  the  elbow-joint  is  not  generally 
attended  with  much  difficulty,  and,  with  slight  modifications,  which  will  readily 
suggest  themselves  to  the  surgeon  upon  consideration  of  the  anatomy  of  the  joint,  is 
conducted  on  the  same  principle  for  all  the  varieties.  The  method  recommended  by 
Sir  A.  Cooper,  and  which  is  generally  adopted,  is  as  follows  :  the  patient  sits  upon 
a  chair,  and  the  surgeon,  resting  his  foot  upon  the  edge  of  the  seat,  places  his  knee 
upon  the  inner  side  of  the  elbow-joint,  while  he  grasps  the  wrist  with  his  hands  ;  he 
then  bends  the  elbow  slowly,  but  forcibly,  at  the  same  time  pressing  with  his  knee 
upon  the  upper  part  of  the  ulna  and  radius,  so  as  to  disengage  their  articular  surfaces 
from  the  lower  end  of  the  humerus.  This  method  has  the  advantage  of  not  requir- 
ing an  assistant ;  but  where  help  can  be  procured,  extension  of  the  forearm  drrectly 
downwards,  as  advocated  by  Mr.  Skey,  is  to  be  preferred  :  one  person  holds  the 
upper  arm,  while  one  or  more  pull  steadily  at  the  wrist,  and  as  soon  as  the  coronoid 
process  is  brought  below  the  level  of  the  trochlea  of  the  humerus,  the  action  of  the 
muscles  bearing  upon  it  causes  it  to  slip  Up  into  its  natural  place.    The  after-treat- 
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ment  consists  in  keeping  the  arm  in  the  bent  position  in  a  sling  for  two  or  three 
weeks,  adopting  the  usual  methods  for  preventing  too  great  inflammatory  action, 
and  cautiously  commencing  passive  motion  in  ten  or  fourteen  days.  If  as  much  as 
a  month  or  six  weeks  have  been  allowed  to  elapse  before  reduction,  great  difficulties 
will  be  met  with.  There  are,  however,  cases  on  record  in  which  it  has  been  success- 
fully performed  after  five  or  six  months.  On  the  other  hand,  frequent  failures, 
severe  accidents,  and  even  death  have  been  the  consequences  of  such  attempts. 

In  compound  dislocations  at  the  elbow-joint,  if  there  be  extensive  laceration  of 
the  soft  parts,  with  lesion  of  the  great  vessels  and  nerves  of  the  limb,  amputation 
may  be  required.  In  most  cases,  however,  it  will  be  only  necessary  to  enlarge  the 
wound,  to  remove  the  articular  ends  of  the  bones,  and  trust  to  the  formation  of  a 
fibrous  joint.  Although  these  are  the  rules  for  the  treatment  of  such  injuries 
generally  laid  down  in  modem  surgical  works,  there  are  certainly  cases  in  which 
neither  of  the  above  proceedings  is  necessary.  If  the  patient  is  of  healthy  con- 
stitution, and  the  external  wound  not  large,  nor  accompanied  by  any  great  amount  of 
contusion,  reduction  may  be  effected,  the  wound  being  treated  on  antiseptic  principles. 

In  a  case  thus  treated  under  my  care,  the  patient  (a  labouring  mau,  aged  34)  had 
fallen  from  a  height  of  twenty  feet  upon  a  boarded  floor.  The  bones  of  ihe  left  forearm 
were  dislocated  backwards  and  outwards,  and  there  was  a  wound  between  the  olecranon  and 
the  internal  condyle  sufficiently  large  to  admit  the  finger  into  the  joint,,  and  through  which 
a  considerable  portion  of  the  cartilaginous  surface  of  the  trochlea  of  the  humerus  could  be 
distinctly  seen.  But  little  inflammatory  action  took  place ;  the  wound  healed  up  rapidly  ;  in 
a  fortnight  passive  motion  of  the  elbow  was  commenced,  and  in  less  than  two  months  the 
use  of  the  joint  was  perfectly  restored.1 

For  further  observations  upon  the  treatment  of  injuries  of  the  elbow-joint  com- 
plicated with  wound,  see  p.  945. 

Dislocations  of  the  Head  of  the  Radius. 

The  head  of  the  radius  is  sometimes  displaced  from  its  connections  with  the  lesser 
sigmoid  notch  of  the  ulna,  and  the  capitellum  of  the  humerus.  This  injury  usually 
occurs  at  an  early  age,  and  has  been  observed  even  in  very  young  infants.  The 
causes  are,  either  a  fall  in  which  the  palm  of  the  hand,  coming  in  violent  contact 
with  the  ground,  communicates  the  shock  to  the  radius  in  such  a  manner  as  to  cause 
the  upper  end  to  start  from  its  attachments,  or  a  fall  upon  the  elbow  itself,  or  a 
violent  pull  on  the  radius,  as  when  young  children  are  suddenly  lifted  off  the  ground 
by  the  hand. 

The  head  of  the  radius  may  be  displaced  in  either  of  three  directions — forwards, 
backwards,  and  outwards ;  the  first  by  far  the  most  common,  the  last  extremely  rare. 
In  any  of  these  the  displacement  may  be  complete  or  incomplete ;  in  the  former 
condition,  the  orbicular  ligament  appears  always  to  be  ruptured  ;  in  the  latter,  it  may 
be  only  stretched. 

In  the  dislocations  forwards,  the  head  of  the  radius  lies  on  the  front  of  the 
external  condyle  of  the  humerus.  The  following  are  the  most  characteristic  symp- 
toms. The  forearm  is  fixed  in  a  slightly  flexed  state,  either  prone  or  midway 
between  supination  and  pronation.  Bending  of  the  elbow  is  prevented  by  the  head 
of  the  radius  coming  in  contact  with  the  front  of  the  humerus,  and  complete  exten- 
sion causes  pain.  The  head  can  be  defined  in  its  new  position,  and  when  the  hand 
is  rotated,  it  will  be  felt  to  move.  The  whole  forearm  has  a  peculiar  and 
characteristic  twist,  occasioned  by  the  altered  situation  of  the  upper  end  of  the 
radius. 

Dislocations  backwards,  or  outwards,  are  distinguished  by  the  head  of  the  bone 
being  felt  subcutaneously  in  these  positions.  They  are  often  accompanied  by  fracture 
of  the  external  condyle. 

Treatment. — -Whatever  be  the  nature  of  the  displacement,  direct  extension  from 
the  hand  will  be  found  the  most  efficient  means  of  reduction,  combined,  if  necessary, 
with  pressure  by  the  fingers  upon  the  projecting  head  of  the  bone  in  the  required 

1  See  Lancet,  1860,  vol.'ii.  p.  360. 
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direction.  The  arm  should  then  be  put  up  in  a  gutta-percha  splint.  If,  in  conse- 
quence of  the  rupture  of  the  annular  ligament,  there  is  difficulty  in  maintaining 
the  head  of  the  radius  in  its  place,  a  firm  pad  must  be  fixed  upon  it.  After  disloca- 
tion forwards,  caution  must  be  used  in  straightening  the  arm  for  the  first  time  ;  for 
if  the  ligaments  are  not  perfectly  united,  the  action  of  the  biceps  upon  the  radius 
may  reproduce  the  displacement. 

Dislocation  of  the  Lower  End  oj  the  Radius  from  the  Ulna. 

Sir  A.  Cooper,  Malgaigne,  and  Hamilton  describe  this  injury  as  a  dislocation  of 
the  lower  end  of  the  ulna  from  the  radius  ;  but  following  the  analogy  of  the  nomen- 
clature commonly  received  in  other  cases,  it  is  preferable  to  call  it,  with  Desault  and 
Skey,  a  dislocation  of  the  radius.  The  ulna  is  the  fixed  bone,  the  radius  moves  upon 
it ;  and  it  is  by  an  abnormal  increase  of  the  natural  motion  of  this  bone  that  the 
displacement  is  jnoduced.  It  may  be  caused  by  any  injury  which  produces  excessive 
pronation  or  supination  of  the  hand ;  in  the  former  case,  the  radius  is  dislocated 
forwards,  the  hand  accompanies  it,  and  the  lower  end  of  the  ulna  projects  promi- 
nently backwards  beneath  the  integument :  this  is  rather  the  more  common  of  the 
two ;  in  the  other  the  position  of  the  bones  is  reversed.  This  luxation  is  not 
unfrequently  accompanied  by  fracture  of  the  radius,  and  cases  are  recorded  in  which 
the  styloid  process  of  the  ulna  has  been  thrust  completely  through  the  skin. 

In  whichever  direction  the  dislocation  has  taken  place,  it  is  to  be  reduced  by 
extending  the  hand,  and  pressing  the  radius  and  ulna  into  their  natural  relations  to 
each  other.  They  must  then  be  retained  by  a  compress,  amd  straight  splints  should 
be  applied  for  a  time  to  the  dorsal  and  palmar  surfaces  of  the  wrist. 

Dislocations  of  the  Wrist. 

Dislocation  of  the  hand  from  the  lower  end  of  the  radius  and  ulna,  though 
described  by  all  surgical  authors,  from  the  time  of  Hippocrates  till  the  commence- 
ment of  the  present  century,  as  of  frequent  occurrence,  is  now  known  to  be  an 
extremely  rare  injury.  Fractures  of  the  inferior  extremities  of  the  bones  of  the 
forearm  were  generally  mistaken  for  it,  an  error  which  was  pointed  out  first  by 
Pouteau,  but  more  fully  by  Dupuytren.  When  it  does  occur,  it  is  usually  compound, 
or  is  associated  with  fracture  of  some  portion  of  the  lower  end  of  the  radius  or  ulna. 
A  fall  upon  the  hand  is  the  common  cause  of  this  inj  ury. 

The  displacement  may  be  in  either  of  two  directions,  backwards  or  forwards. 
In  the  dislocation  backwards,  the  whole  hand  is  placed  on  a  plane  posterior  to  the 
forearm  ;  the  upper  end  of  the  carpus  forins  a  prominence  on  the  dorsum  of  the 
wrist,  and  the  lower  end  of  the  radius  and  ulna  project  on  the  palmar  suaface.  The 
chief  diagnostic  mark  between  this  injury  and  fracture  of  the  lower  ends  of  both 
bones  of  the  forearm  is  derived  from  carefully  noting  the  position  of  the  styloid 
process  of  the  radius  and  ulna,  which  in  the  one  case  will  remain  with  the  forearm, 
and  in  the  other  be  carried  backwards  with  the  hand.  Measurement  also  along  the 
back  of  the  hand,  from  the  upper  part  of  the  carpal  projection  to  the  end  of  the  middle 
metacarpal  bone,  in  dislocation  will  give  only  the  length  of  the  carpus  and  meta- 
carpus of  the  opposite  side,  while  in  fracture  there  will  be  at  least  an  additional 
half-inch  belonging  to  the  separated  fragments  of  the  bones  of  the  forearm.  Now 
that  the  pathology  and  symptoms  of  fracture  of  the  lower  end  of  the  radius  alone 
are  so  well  understood,  there  will  be  no  probability  of  its  ever  being  confounded 
with  a  luxation  of  the  carpus.    (See  p.  966  et  sqq.) 

In  dislocation  forwards  the  hand  is  displaced  to  the  palmar  side,  and  the  inferior 
extremities  of  the  radius  and  ulna  form  a  well-marked  projection  upon  the  dorsum. 
This  accident  is  one  of  excessively  rare  occurrence,  although,  in  the  malformations 
known  as  '  congenital  dislocations '  of  the  wrist,  the  displacement  is  far  more 
frequently  in  this  direction  than  in  the  other. 

Treatment. — Reduction  is  effected  by  simple  extension,  aided  by  pressure  upon 
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the  carpus  in  the  required  direction.  The  hand  should  then  be  suspended  in  a  sling 
until  the  ruptured  ligaments  have  reunited  ;  splints  may  he  used  if  there  is  any 
difficulty  in  retaining  the  bones  in  good  position. 

Dislocations  of  the  Bones  of  the  Carpus. 

The  head  of  the  os  magnum  occasionally  suffers  a  partial  luxation  from  the 
cavity  formed  for  it  by  the  scaphoid  and  semilunar  bones.  This  is  caused  by  violent 
flexion  of  the  wrist,  as  in  a  fall  upon  the  back  of  the  hand.  The  unnatural  projection 
on  the  dorsum  of  the  carpus  is  easily  recognised,  and  the  bone  may  be  pressed  back 
into  place,  though  it  is  retained  with  difficulty.  A  firm  compress  must  be  worn 
over  it  for  some  time. 

Similar  dislocations  of  some  of  the  other  carpal  bones  Lave  been  met  with.  Erichsen  records 
cases  of  this  injury  to  the  semilunar  and  to  the  pisiform  hone.  The  latter  '  was  displaced  by 
an  effort  to  lift  a  heavyweight,  and  drawn  up  the  arm  to  a  distance  of  nearly  an  inch  by 
the  flexor  carpi  ulnaris. ' 1 

In  the  Museum  of  St.  George's  Hospital  is  a  curious  specimen  of  compound  dislocation  of 
the  semilunar  bones  of  both  sides,  occasioned  by  a  fall  upon  the  hands  from  a  great  height. 
The  hones  were  completely  forced  from  their  situation,  through  a  wound  on  the  anterior 
surface  of  the  wrist,  one  of  them  merely  hanging  by  a  small  shred  of  ligament. 

A  case  is  reported  by  Maisonneuve  of  simple  dislocation  backwards  of  the  second  row  of 
carpal  bones  from  the  first,  caused  by  a  fall  from  a  height  of  forty  feet.  The  nature  of  the 
injury  was  verified  by  dissection.2 

Dislocations  of  the  Thumb. 

Dislocations  of  the  bones  which  compose  this  member  are  by  no  means  un- 
frequent,  as  it  is  much  exposed  to  injury  in  falls  upon  the  hand.  They  may  take 
place  at  either  of  its  three  articulations,  and  be  either  backwards  or  forwards,  the 
former  being  by  far  the  most  common. 

1.  Dislocation  of  the  first  bone  of  the  thumb  (metacarpal)  from  the  os  trapezium. — 
This  is  less  common  than  that  of  either  of  the  other  bones ;  it  has  been  met  with  in 
both  directions,  and  has  generally  been  reduced  without  much  difficulty  by  simple 
extension,  though  splints  are  sometimes  required  to  maintain  the  bone  in  position. 
It  may  be  mentioned  here  that  a  very  few  cases  are  on  record  of  a  partial  luxation 
backwards  of  the  proximal  ends  of  some  of  the  other  metacarpal  bones.  F.  H. 
Hamilton  met  with  two;  both  produced  in  striking  a  blow  with  the  clenched  fist, 
and  in  each  of  which  the  bones  corresponding  to  the  index  and  middle  fingers  were 
affected.3 

2.  Dislocation  of  the  fi,rst  phalanx  from  the  metacarpal  bone. — This  injury  is  of 
more  frequent  occurrence  ;  it  is  usually  in  the  backward  direction,  i.e.  the  proximal 
end  of  the  first  phalanx  lies  on  the  dorsal  surface  of  the  distal  end  of  the  metacarpal 
bone.  The  deformity  of  the  articulation  is  so  well  marked,  that  the  diagnosis  is 
unattended  with  difficulty.  The  cause  is  generally  either  a  fall  or  blow  upon  the 
end  of  the  palmar  surface  of  the  thumb. 

Treatment. — In  many  cases  reduction  is  effected  without  any  great  difficulty, 
either  by  seizing  the  phalanx  with  the  thumb  and  finger  and  making  extension,  or 
by  forcibly  bending  it  backwards  and  pressing  upon  the  displaced  extremity  with 
the  thumbs,  while  the  flexor  brevis  pollicis  is  relaxed  by  flexing  the  metacarpal  bone 
as  much  as  possible  into  the  palm.  If  these  methods  do  not  suffice,  greater  extend- 
ing power  may  be  gained  by  fixing  a  piece  of  tape  or  strong  twine  round  the  phalanx, 
by  a  clove-hitch  knot,  a  wetted  bandage  or  strip  of  adhesive  plaster  having  been 
previously  applied  to  protect  the  skin. 

After  a  fair  trial  of  all  the  above  measures,  reduction  has  still  been  unaccom- 
plished in  so  many  cases,  that  both  the  cause  of  the  difficulty  and  the  means  by 
which  it  ought  to  be  overcome  have  become  a  standard  subject  for  research  and 
speculation  among  surgeons  of  all  countries.    It  will  suffice  here  to  say  that, 


1  Op.  cit.  p.  281.         2  Mem.  de  la  Soc.  de  Ckirurg.  tome  ii.        3  Op.  cit.  p.  607. 
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although  much  difference  of  opinion  has  certainly  existed  upon  this  point,  the 
majority  of  writers  have  agreed  that  the  flexor  brevis  pollicis  muscle  is  in  some  way 
the  chief  obstacle  to  reduction.  Dissection  of  dislocations  artificially  produced  on 
the  dead  subject,  shows  that  when  the  phalanx  is  completely  carried  on  to  the 
dorsal  surface  of  the  metacarpal  bone,  the  two  attachments  of  the  flexor  brevis,  with 
their  contained  sesamoid  bones,  slip  over  its  wide  head,  and  tightly  embrace  its  neck. 
It  is  evident  that  the  bone  can  only  be  disengaged  from  this  situation  with  difficulty. 
The  only  successful  way  hitherto  devised  to  overcome  this  is  the  subcutaneous 
section  of  one,  or  even  both,  of  the  tendons  of  the  muscle.  The  cause  of  occasional 
failure  of  even  this  somewhat  severe  proceeding  is,  I  believe,  the  difficulty  of  effect- 
ing a  complete  division  of  all  the  opposing  fibres.  I  have  found,  in  the  dead  subject, 
that  a  division  of  the  fascia  which  connects  together  the  two  sesamoid  bones,  by 
allowing  the  tendons  to  separate  from  each  other,  quite  up  to  their  insertion, 
materially  facilitates  reduction,  without  resorting  to  the  section  of  the  muscle 
itself;  but  I  have  not  yet  had  an  opportunity  of  trying  this  on  the  living.  Dr. 
Humphry,  also  on  anatomical  grounds,  recommends  an  endeavour  to  draw  the 
sesamoid  bones  forwards,  by  means  of  blunt  hooks  inserted  through  an  incision  in 
the  skin.1 

In  dislocation  of  the  first  phalanx  forwaids,  reduction  has  always  been  easily 
accomplished,  generally  by  forcibly  flexing  the  thumb  towards  the  palm. 

3.  Dislocation  of  the  ungual  phalanx. — In  this  case  the  principal  obstacle  to 
reduction  is  the  difficulty  of  getting  a  firm  hold  of  the  small  displaced  bone.  Press- 
ing its  projecting  proximal  extremity  forwards  with  the  two  thumbs  will  often 
reduce  it,  or  the  tape  may  be  applied  immediately  above  it,  and  then  extension 
made,  or  it  may  sometimes  be  returned  to  its  place  by  forcible  flexion.  Hamilton 
recommends  '  forced  dorsal  flexion  in  the  case  of  the  backward  luxation,  and  forced 
palmar  flexion  in  the  case  of  the  forward  disclocation.' 

Dislocations  of  the  phalanges  of  the  fingers  occur  less  frequently  than  those  of  the 
thumb.  They  are  usually  in  the  backward  direction,  owing  to  the  mode  in  which 
the  force  is  applied  in  falling  on  the  end  of  one  of  the  fingers,  the  most  common  cause 
of  these  accidents.  The  nature  of  the  injury  is  readily  recognised,  and  the  reduction 
effected  by  simple  extension  applied  in  the  manner  recommended  for  dislocation  of 
the  phalanges  of  the  thumb. 

W.  H.  Flower,  1860. 

J.  W.  Hulke,  1869,  1882. 


1  On  the  Human  Skeleton,  1858,  p.  435. 
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rpHE  seriousness  of  a  lesion  depends  partly  on  its  nature,  partly  on  its  extent,  and 
X  partly  on  its  locality.  The  circumstances  which  render  an  injury  of  the  lower 
extremity  more  serious  than  a  similar  one  in  the  upper  are  the  greater  size  of  the 
limb,  and  its  greater  distance  from  the  centre  of  the  circulation  ;  so  that,  while  the 
mischief  to  be  repaired  is  cceteris  paribus  greater,  the  power  to  repair  it  is  less.  This  is 
strikingly  illustrated  in  lacerated  and  contused  wounds  of  the  foot,  and  in  compound 
fractures  of  the  leg,  which  are  more  prone  to  terminate  in  mortification  than  similar 
injuries  of  the  hand  or  forearm.  The  suspension  of  the  locomotive  functions  entailed 
by  injuries  to  the  lower  limbs  necessarily  lessens  the  activity  of  the  circulation  ;  and 
the  comfort  and  occupation  of  a  patient  are  frequently  more  seriously  interfered  with 
than  they  are  by  a  corresponding  accident  to  the  upper  extremity. 


Contusions. 

These  may  be  considered  as  they  affect  the  soft  parts  only ;  the  bones  only ;  or  both 
soft  parts  and  bones. 

Contusions  of  ths  soft  parts.— I?  the  skin  and  subcutaneous  tissues  alone  are 
bruised,  the  symptoms,  course,  and  treatment  will  be  the  same  as  in  similar  injuries 
to  thes3  tissues  elsewhere.  In  some  parts  of  the  lower  limbs,  however,  such  as  the 
nates,  the  subcutaneous  tissue  is  so  extensive  and  loose  that  the  quantity  of  blood 
which  escapes  into  it  may  be  considerable,  and  may  remain  for  several  weeks  in  a  more 
or  less  fluid  state.  When  the  contusion  affects  the  deeper  tissues ,  symptoms  may  arise 
resembling  those  caused  by  accidents  of  a  totally  different  nature  ;  thus  when  the 
muscles  which  surround  the  hip,  or  the  various  structures  around  the  ankle,  are  con- 
tused, the  accident  is  liable  to  be  mistaken  for  dislocation  or  fracture.  In  the  case 
of  the  hip  a  mistake  is  the  more  likely  to  occur  if  the  joint  has  been  the  seat  of  slow 
morbid  changes,  such  as  rheumatic  arthritis,  or  the  degeneration  of  senility  ;  or  of 
some  congenital  or  acquired  difference  in  the  length  of  the  two  limbs,  such  as  follows 
from  disease  in  or  near  the  epiphyses  of  growing  bones. 

An  elderly  woman  was  under  my  care  some  years  ago  who  had  fallen  downstairs 
and  contused  her  hip.  When  first  seen  there  was  loss  of  voluntary  movement, 
swelling  at  the  top  of  the  thigh,  some  shortening  of  the  limb  and  eversion.  It  was 
concluded  there  must  be  an  impacted  fracture,  until  her  son,  a  day  or  two  after  the 
accident,  informed  me  that  she  had  for  some  time  past  complained  of  pain  in  the  same 
hip,  and  had  remarked  that  she  believed  the  leg  was  getting  a  little  shorter  than  the 
other.  In  about  a  fortnight  she  could  move  and  use  the  limb  as  well  as  before  the 
fall ;  there  had  been  no  fracture,  but  a  simple  contusion ;  the  hip-joint  was  the  seat  of 
chronic  rheumatoid  arthritis. 

Not  only  have  contusions  about  the  hip  been  mistaken  for  fracture  of  the  cervix 
femoris,  but  it  is  highly  probable  that  they  have  sometimes  been  quoted  as  examples 
of  bony  union  without  shortening  of  the  limb. 

The  treatment  of  contusious  of  muscles  consists  in  absolute  rest  of,  and  soothing 
applications  to  the  part  in  the  first  instance  ;  and,  subsequently,  friction  of  the  surface 
with  some  stimulating  liniment  to  remove  thickening  and  relieve  stiffness.  If  there 
is  any  doubt  as  to  whether  a  case  is  one  of  contusion,  or  of  fracture  with  or  without 
contusion,  it  should  be  treated  as  a  fracture.    Sometimes  the  hip-joint,  as  well  as  the 
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surrounding  muscles,  is  contused ;  in  which  case  permanent  lameness  from  partial 
absorption  of  the  head  and  neck  of  the  bone,  and  atrophy  of  muscles,  is  the  conse- 
quence. 

Contusions  of  veins  and  arteries. — Blood-vessels,  like  bones,  may  be  either  con- 
tused or  completely  ruptured,  whether  the  superficial  structures  are  injured  or  not. 
As  a  result  of  contusion,  either  thrombosis  or  inflammation,  followed  by  partial  or 
complete  occlusion,  may  occur.  Thrombosis  of  the  saphenous  and  popliteal  veins  has 
not  unfrequently  resulted  from  this  cause.  I  have  seen  the  renal  vein  plugged  after 
a  severe  squeezing  of  the  loin  between  the  buffers  of  railway  carriages. 

Ulceration  of  the  coats  of  a  vessel  at  the  contused  part  may  occur  after  several 
days,  and  give  rise  to  severe  subcutaneous  hemorrhage,  or,  if  a  superficial  wound 
exists,  to  dangerous  external  hemorrhage. 

Aneurism  may  be  the  result  of  simple  contusion  of  an  artery,  or  gangrene  may 
follow.  In  other  cases  pulsation  may  cease  for  a  time,  and  return  again  in  the  vessel 
after  a  month  or  six  weeks  or  less. 

Contusions  of  nerves. — The  great  sciatic,  the  anterior  crural,  and  the  obturator 
nerves  may  be  contused  in  dislocation  of  the  hip  and  other  accidents,  and  blood  may 
be  effused  into  as  well  as  around  their  sheaths.  As  a  result,  pain  of  a  tingling 
character  is  felt  at  the  seat  of  injury,  and  numbness,  or  even  complete  paralysis,  of 
sensation  and  motion  may  be  experienced  in  the  parts  supplied  by  the  injured  nerve. 
Usually  these  effects  pass  off  in  a  few  weeks ;  occasionally  they  last  much  longer ; 
rarely  the  palsy  remains  permanent. 

Contusions  of  bones  are  serious  owing  to  the  possibility  of  inflammation  of  the 
periosteum,  of  the  bone-tissue  itself,  or  of  a  neighbouring  joint,  being  set  up,  and 
followed  by  all  its  consequences — suppuration,  caries,  necrosis.  A  blow  on  the 
shin  may  be  followed  by  necrosis  of  the  part  struck,  or  of  the  entire  shaft  of  the 
tibia.1  A  fall  on  the  trochanter,  though  not  severe,  is  often  sufficient,  especially  in 
delicate  children,  to  set  up  destructive  disease  in  the  hip-joint ;  while  a  similar  acci- 
dent happening  to  the  aged  is  not  unfrequently  followed  by  shortening  and  eversion 
of  the  limb  from  interstitial  absorption  of  the  cancellous  tissue  of  the  neck  of  the 
femur.  A  fall  or  blow  upon  the  hip  or  knee  has  often  been  the  starting  point  of 
chronic  rheumatic  arthritis. 

Cotdusions  involving  all  the  structures  of  the  limb  are  occasionally  so  severe  as  to 
destroy  at  once  their  vitality.  When,  for  instance,  a  heavy  weight  falls  upon  or 
passes  over  a  limb,  all  the  tissues,  muscles,  blcod- vessels,  nerves  and  bones,  may  be 
pulped.  Nothing  but  mortification  of  the  parts  injured  can  follow  ;  therefore  in 
such  cases  amputation  is  the  only  remedy,  and  it  should  be  performed  before  the 
constitutional  disturbance  which  is  sure  to  ensue  has  made  its  appearance. 

Compound  contusions. — If  the  contusion  be  accompanied  by  an  external  wound, 
however  small,  the  progress  of  the  soft  parts  towards  recovery  is  as  likely  to  be 
complicated  as  in  the  case  of  compound  fracture.    See  the  Essay  on  Contusions. 

Sprains. 

A  sprain  is  an  overstretching,  sometimes  attended  with  laceration  of  fibres,  of 
the  tendinous,  ligamentous,  or  muscular  structures.  The  adductor  muscles  of  the 
thigh  are  frequently  sprained,  and  even  partially  ruptured  by  horse  excercise,  and 
they,  as  well  as  the  muscles  of  the  calf  of  the  leg,  are  occasionally  strained  by  long 
walking  over  rough  or  slippery  ground ;  in  these  cases,  and  indeed  frequently  when 
muscular  tissue  is  involved,  considerable  effusion  of  blood  is  one  of  the  results  of 
sprain.  An  effect  of  the  rupture  of  one  of  the  adductor  muscles  of  the  thigh  is  a 
tumour  formed  by  the  transformation  of  some  of  the  effused  blood  into  a  fibrinous  mass 
of  cartilaginous  or  bony  hardness  which,  though  at  first  free  of  the  body  or  ramus  of 
the  pubis,  subsequently  becomes,  as  it  seems,  fixed  to  it.  1  have  seen  such  a  tumour 
in  a  farmer  about  whom  I  was  consulted  by  Mr.  Court,  of  Staveley,  which  had  been 
mistaken  by  a  competent  surgeon  for  a  large  displaced  fragment  of  the  pubis.  Such 

1  See  case  by  Mr.  Holthouse  iu  P<tth.  Soc.  Trans,  vol.  xix.  p.  340. 
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tumours  remain  stationary  in  spite  of  treatment  for  a  very  long  time,  and  may  not, 
as  in  the  case  I  refer  to,  be  of  sufficient  inconvenience  to  the  patient  to  induce  him 
to  follow  the  advice  of  not  riding  on  horseback. 

Similar  results  have  been  described  quite  recently  by  Dr.  Charcot  1  as  following 
effusions  of  blood  from  contusions  and  dislocations  of  the  elbow.  Dr.  Char-cot  says 
such  a  tumour  as  large  as  an  egg  may  become  after  a  time  attached  to  the  inner 
condyle  of  the  humerus,  and  then  may  be  mistaken  for  exostisis  or  the  tearing  away 
of  the  apophysis,  etc.  Sprains  most  frequently  affect  the  articular  ligaments,  and 
the  tendons  as  they  pass  over  the  joints,  and  are  usually  followed  by  rapid  effusion 
into  the  synovial  cavity  of  the  joint  as  well  as  into  the  sheaths  of  tendons.  Of  the 
joints  of  the  lower  extremity,  the  ankle  is  by  far  the  most  liable  to  these  injuries. 
Lund  in  five  years  had  22  in  the  ankle,  2  in  the  knee,  2  in  the  foot,  and  1  in  the 
elbow.2  This  relative  frequency  is  accounted  for  by  the  position  and  functions  of 
the  ankle-joint. 

The  immediate  effects  of  a  sprain  are  pain,  an  inability  to  bear  any  weight  on  the 
limb,  swelling,  and  afterwards  ecchymosis  of  the  soft  parts  around  the  joint ;  all 
these  symptoms  varying  in  degree  and  extent  according  to  the  amount  of  injury 
sustained.  The  remote  effects  which  may  follow  this  accident,  if  neglected  or  im- 
properly treated  in  the  first  instance,  ai*e  permanent  lameness,  from  chronic  inflam- 
mation of  the  sheaths  of  tendons,  or  from  anchylosis ;  distortion  from  inflammatory 
thickening  ;  weakness  from  relaxation  of  ligaments. 

The  lesions  which  are  met  with  in  sprains  of  the  ankle  vary  from  a  slight  lacera- 
tion of  the  connective  tissue,  smaller  blood-vessels,  and  a  few  fibres  of  the  lateral 
ligaments,  to  a  complete  tearing  through  or  detachment  of  the  ligaments,  laceration 
of  the  muscles  and  tendons,  or  displacement  of  tendons  from  their  sheaths ,  indeed, 
the  lesions  of  a  severe  sprain  differ  only  in  degree  from  those  of  a  fracture  or  dislo- 
cation. Sprains  of  the  ankle  are  sometimes  mistaken  for  fractures,  and  the  latter 
for  the  former  ;  the  two  injuries  may  also  co-exist,  as,  for  example,  sprained  ligaments 
and  tendons  with  fracture  of  the  malleolus. 

Sprains  of  the  knee  are  by  no  mea.ns  uncommon,  and  are  characterised  by  great 
swelling  from  the  effusion  of  fluid  within  the  joint.  If  the  ligaments  of  the  knee  are 
ruptured,  considerable  lateral  movement  of  the  tibia  is  possible ;  this  is  easily  dis- 
covered by  fixing  the  thigh,  and  then  with  the  hand,  just  above  the  ankle,  moving 
the  leg  from  side  to  side ;  if  oidy  one  lateral  ligament  is  ruptured,  the  movement  is 
most  obvious  when  the  foot  is  carried  in  the  opposite  direction,  i.e.  if  the  external 
lateral  ligament  is  affected  in  carrying  the  foot  inwards.  J udging  from  my  own 
experience,  the  rupture  of  one  or  other  of  t»e  lateral  ligaments  of  the  knee  is  by  no 
means  uncommon.  The  symptoms  are  pain  on  pressure,  and,  on  attempting  to  lift 
the  limb  or  flex  the  knee ;  much  swelling  of  the  knee-joint,  and  some  increased  rota- 
tory as  well  as  lateral  passive  movement  of  the  leg  on  the  thigh.  Crepitus  of  a  fibrous 
creaking  character  is  also  sometimes  perceptible.  It  is  possible  that  in  some  of  the 
cases  in  which  one  or  other  of  the  lateral  ligaments  of  the  knee-joint  is  supposed  to 
be  ruptured  that  the  real  injury  has  been  a  breaking  off  of  the  tubercle  of  the 
corresponding  condyle.  Dr.  Charles  A.  Jersey,3  who  has  narrated  two  cases  of 
rupture  of  the  internal  lateral  ligament  of  the  knee,  and  who  has  made  several 
experiments  on  the  cadaver,  thinks  that  the  absence  of  crepitus  is  no  contraindication 
of  such  an  accident. 

Sprains  of  the  hip  are  less  common  than  those  of  the  ankle  and  knee,  and 
ought  not  to  be  mistaken  for  other  accidents.  They  can,  as  a  rule,  readily  be  dis- 
tinguished from  fracture  and  dislocation  of  the  femur  by  the  absence  of  the  charac- 
teristic signs  of  those  accidents.  They  are  important,  however,  from  their  proneness 
to  run  on  into  hip-joint  disease,  especially  in  weakly  persons,  or  if  neglected. 

1  Charcot,  '  On  Effusions  of  Blood  at  the  Fold  of  the  Elbow,'  Rev.  de  Chirurgie,  Sept 
10,  1881. 

2  Lund,  Five  Years  Surgical  Work  in  the  Manchester  Royal  Infirmary ,  1874. 

3  Jersey,  '  On  Rupture  of  the  Internal  Lateral  Ligament  of  the  Knee,'  New  York  Med. 
Journ.  June  1881. 
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The  treatment  of  sprains  of  the  lower  extremity  should  be  as  thorough  and 
careful  as  the  treatment  of  fractures ;  for,  if  severe,  they  demand  it  as  a  necessity,  and 
if  slight,  they  require  it  as  a  precaution  against  subsequent  ill  effects.  Prolonged 
and  enforced  rest  is  essential ;  and  ice,  evaporating  lotion,  or  some  soothing  applica- 
tion, such  as  opium  and  lead  lotion,  or  popjjy  fomentations,  should  be  kept  on  the 
part.  As  soon  as  the  swelling  and  pain  have  subsided,  some  fixed  apparatus,  such  as 
a  plaster  of  Paris  bandage  or  a  leather  splint,  should  be  worn  for  a  week  or  two  if 
one  of  the  large  joints  of  the  lower  limb  is  involved.  See  Diseases  of  Joints, 
vol.  ii.  p.  334. 

Dislocation  of  muscles  and  tendons. — The  digitations  of  origin,1  the  fleshy  bellies 
and  the  tendons  of  origin  and  insertion  are  liable  to  displacement.  The  fleshy  mass 
of  the  extensor  muscles  of  the  thigh  may  start  forward,  and  bulge  through  the 
opening  if  the  fascia  lata  be  ruptured  ;  and  as  the  edges  of  the  torn  fascia  may  never 
unite,  the  limb  may  remain  permanently  weakened.2  To  such  a  condition,  however, 
the  term  dislocation,  though  it  has  been  so  employed,  is  not  appropriate;  it  is  rather 
a  hernia  of  muscle  than  a  luxation. 

Post-mortem  examination  has,  however,  revealed  a  true  displacement  of  the 
sartorius  muscle,  the  result  of  a  fall  from  a  height.3  The  quadriceps  extensor  of  the 
thigh,  carrying  with  it  the  patella,  is  prone  to  partial  displacement  laterally ;  one 
instrument-maker  alone  tells  me  he  has  had  as  many  as  six  such  cases  in  one  year 
to  provide  knee-caps  for,  that  they  have  all  been  in  lawn-tennis  players,  and  that 
the  displacements  have  occurred  during  the  sudden  turning  and  twisting  movements 
necessitated  by  that  game.  The  sheath  of  the  posterior  tibial  tendon  at  the  inner, 
and  that  of  the  peronei  tendons  at  the  outer,  ankle  are  also  occasionally  ruptured, 
and  the  tendons  completely  dislocated  upon  or  in  front  of  the  corresponding 
malleolus.  These  accidents  result  from  violence  such  as  sprains,  twists,  or  ricks. 
Not  excepting  the  long  tendon  of  the  biceps  humeri,  there  is  no  tendon  so  liable  to 
be  or  so  frequently  dislocated  as  the  peroneus  long  us  at  the  outer  malleolus.  One 
of  the  most  interesting,  and  perhaps  the  best  authenticated,  cases  on  record  of  the 
very  rare  accident  of  simple  dislocation  of  the  posterior  tibial  tendon  is  that  recorded 
by  the  distinguished  Professor  of  Natural  History  at  Montpellier,  M.  Charles 
Martins,  as  happening  to  himself  whilst  descending  from  an  aeronautical  expedi- 
tion ;  it  was  caused  during  the  jolting  of  the  balloon  car  by  the  sudden  and  in- 
stinctive extension  of  his  foot  to  save  himself  from  falling  backwards.  M.  Martins 
employed  his  enforced  leisure  in  collecting  all  the  information  published  on  the 
subject  of  dislocation  of  muscles  up  to  that  date,  a  summary  of  which  is  contained  in 
his  paper  communicated  by  M.  Broca  to  the  Academy  of  Medicine.4  M.  Martius 
Remarks,  very  pithily,  that  he  has  found  to  his  own  cost  that  the  extreme  rarity  of  an 
accident  does  not  imply  its  impossibility. 

Dislocation  of  the  peroneal  tendons  are  much  less  rare,  and  several  cases  are  on 
record.8 

I  have  seen  at  least  two  well-marked  cases,  both  in  young  women.  In  one  the 
displacement  was  caused  originally  by  a  twist  of  the  foot  whilst  riding  on  horse- 
back ;  for  some  years  subsequently  this  young  lady  was  subject  to  attacks  of  spas- 
modic contractions  of  the  peroneus  longus,  whereby  the  tendon  was  jerked  with  an 
audible  noise  much  like  what  is  caused  by  suddenly  making  tense  upon  a  flat  surface 
a  strap  or  cord.  In  the  other  case  the  patient  was  very  stout,  and  the  displacement 
was  probably  gradual,  and  due  to  wearing  pointed  high-heeled  boots  upon  which 
she  was  not  clever  in  balancing  herself;  the  tendon  of  the  peroneus  longus  slipped 
backwards  and  forwards  over  the  malleolus,  so  that  walking  became  difficult  and 
unsafe  :  the  tendon  could  be  moved  between  the  finger  and  thumb  on  the  surface  of 
the  malleolus  externus.  In  this  case  very  great  improvement  resulted  from  wearing 
a  laced  anklet  with  a  crescentic  shaped,  graduated  pad  to  fit  behind  the  external 

1  Pouteau,  Melanges  de  Chvrwgie,  1760,  p.  405.    (Euvresposthum.es,  1783,  t.  ii.  p.  '277. 

u  Oallender,  Brit'.  Med.  Jouni.  July  13,  1878. 

:;  Portal,  Amitomiv  midicale,  t.  ii.  p..  41 1,  180-'». 

*  Bulletin  de  I'Academie  de  Medecine,  Jan.  0,  1874. 

0  Gosseliii,  Legouest,  Demanjuay.    See  the  discussion  ou  M.  Martius'  paper,  op.  cit. 


RUPTURE  OF  MUSCLES. 


993 


malleolus,  and  by  wearing  also  broad  low-heeled  boots.  After  a  few  months  she  felt 
no  inconvenience  in  walking,  and  was  able  to  do  a  moderate  degree  of  mountain 
climbing  in  Switzerland. 

Asa  rule,  however,  the  treatment  of  dislocations  of  the  tendons  is  most  unsatisfac- 
tory, owing  to  the  facility  with  which  redislocation  is  produced  even  after  prolonged 
fixation.  There  is,  however,  no  difficulty  in  replacing  the  tendon  after  relaxing 
the  muscle  by  position.  The  tendon  should  be  replaced  and  retained  for  a  few 
days  by  a  splint  and  bandage,  so  as  to  ascertain  that  there  is  no  tendency  to  redis- 
placement  by  muscular  contraction  alone  ;  then  a  plaster  of  Paris  splint  should  be 
applied  and  worn  for  seven  or  eight  weeks,  so  as  to  give  the  ruptured  sheath  a  fair 
chance  to  reunite. 

If,  in  spite  of  fixation  and  pressure,  dislocation  again  and  again  recurs,  the  tendon 
may  be  divided  subcutaneously,  or  the  operation  suggested  and  practised  with  a  very 
successful  result  by  M.  Molliere  1  of  Lyons  should  be  resorted  to — viz.  to  divide  sub- 
cutaneously the  tendon  whilst  luxated  just  as  it  passes  under  the  cuboid  bone,  and 
then  to  introduce  a  tenotome  into  the  sheath  of  the  tendon  behind  the  malleolus 
and  turn  it  round  and  round  twice  or  thrice  so  as  to  excite  inflammation  within  it ; 
subsequently  keeping  the  parts  fixed  and  elevated  until  inflammation  has  subsided 
and  the  tendon  becomes  securely  fixed  in  its  sheath. 

The  symptoms  of  luxations  of  tendons  are  :  (1)  an  acute  pain  at  the  moment  of 
dislocation;  (2)  if  the  peroneal  or  tibial  tendon  be  displaced,  an  unnatural  mobility 
about  the  ankle,  leading  at  first  to  the  belief  that  the  malleolus  is  broken  ;  (3)  swell- 
ing and  ecchymosis,  with  tenderness  on  pressure  along  the  course  of  the  tendon. 

The  movements  of  the  ankle-joint  will  be  free  and  unattended  by  pain  except 
along  the  tendon  affected.  The  ecchymosis  may  be  extensive  and  reach  half-way  or 
more  to  the  knee.  The  diagnosis  can  hardly  be  a  matter  of  difficulty  in  the  case  of 
the  quadriceps  extensor  tendon  or  the  tendons  at  the  ankle.  The  prognosis  should 
be  very  guarded,  as  some  lameness  is  likely  to  result. 

The  symptoms  of  dislocation  of  the  fleshy  portions  of  muscles  cannot  be  said  as  a 
rule  to  be  very  characteristic,  and  are  not  to  be  distinguished  from  those  which  arise 
from  laceration  of  some  ot  the  fibres  of  a  muscle. 

Rupture  of  Soft  Structures. 

Rupture  of  muscles  and  tendons.- — This  maybe  either  subcutaneous  or  compound. 
Complete  spontaneous  rupture  of  the  fleshy  part  of  some  of  the  muscles  of  the  lower 
limb  may  take  place,  either  from  violent  sudden  contraction  during  delirium,  or 
tetanic  spasms.  As  the  result  of  external  injury,  the  rupture  may  be  either  sub- 
cutaneous or  compound.  The  muscles  of  the  lower  extremity  which  most  frequently 
rupture  are  the  rectus  femoris,  the  hamstring,  and  the  gastrocnemius. 

M.  Farabceuf  has  presented  to  the  Musee  Dupuytren  a  portion  of  the  sartorius 
muscle,  taken  from  a  man  aged  40,  which  shows  a  complete  rupture  in  the  middle 
third  of  its  length,  the  ruptured  ends  being  vtnited  by  a  fibrous  band.  The  fleshy 
substance  of  the  extensor  muscles  of  the  thigh  may  be  paitly  or  entirely  torn  away 
from  their  tendons,  or  the  tendons  of  the  toes,  may  be  torn  out  from  the  fleshy  mass 
of  their  muscles.  It  is  by  no  means  a  very  rare  accident  for  more  or  less  of  a  finger 
or  a  thumb  to  be  torn  away  either  at  one  of  the  joints  or  after  fracture  of  the 
phalanx,  bringing  with  it  the  whole  length  of  the  tendons  of  the  digit.  In  the  foot, 
owing  to  the  protection  by  boots  and  the  almost  exclusive  use  of  the  limb  for  support 
and  progression,  such  accidents  are  much  rarer.  I  have  seen  such  an  accident 
followed  by  rapid  healing  of  the  wound  and  unimpaired  usefulness  of  the  part. 
MM.  Debrou  and  Denonvilliers  have  placed  parts  of  great  toes  and  their  tendons  in 
the  Musee  Dupuytren,  In  M.  Debrou's  2  case  the  accident  occurred  to  a  man  who 
was  dismounting  his  horse,  and  before  disengaging  his  left  foot  from  the  stirrup  the 
end  of  his  great  toe  (right)  was  trodden  upon  by  the  horse.  On  making  a  forcible 
effort  to  withdraw  his  right  foot,  the  end  of  the  toe,  covered  with  all  its  soft  parts, 

1  M.  Daniel  Molliere,  '  NouveaU  Traiteroent  de  la  Luxation  du  lonp-  Peronier  lateral,' 
Lyon  medical,  Nov.  2,  1879.  2  Debrou,  Mem.  de  la  Soc.  de  Chir.  t.  ii.  p.  695. 
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was  torn  off  at  the  phalangeal  articulation,  bringing  with  it  the  long  flexor  tendon 
having  some  of  the  fleshy  fibres  still  attached  to  it.  Cicatrisation  was  complete  in 
three  weeks,  but  some  pain  was  felt  at  the  back  of  the  leg  for  some  time  after. 

Tendons  may  be  ruptured  in  the  same  way  and  from  the  same  causes  as  the 
fleshy  bellies  of  muscles. 

,  The  ligamentum  patella?,1  the  plantaris,  tendo  Achillis,  rectus  tendon,  and  tendon 
of  biceps  femoris  have  been  not  unfrequently  the  subjects  of  this  accident.  The 
plantaris  is  not  unfrequently  ruptured  from  most  trivial  causes,  as  in  merely  walking. 
Symptoms  of  the  rupture  of  a  muscle  or  tendon  are  a  sudden  loss  of  power  in  the 
part ;  violent  pain  as  if  shot  or  struck  a  forcible  blow,  sometimes  accompanied  by  a 
sensation  of  tearing;  and  with  an  audible  snap.  In  other  cases  a  loud  snap  is  heard, 
but  there  is  no  pain.2  In  the  avulsion  of  toes  or  fingers  singularly  little,  or  even  no 
pain  at  all,  may  be  felt  at  the  time. 

Treatment  consists  in  absolute  rest  of  the  limb  in  such  a  position  that  for  the 
first  few  days  at  least  the  ends  of  the  ruptured  muscle  or  tendon  are  brought 
together  as  nearly  as  possible;  subsequently  the  limb  should  be  kept  fixed  in  a 
normal  position  until  recovery  is  complete.  If  the  injury  be  complicated  with  a 
wound  of  the  integument,  or  if  the  tendon  be  torn  right  away,  the  treatment  should 
be  simple  and  regulated  by  the  ordinary  principles  which  guide  the  surgeon  in  the 
treatment  of  wounds. 

Rupture  and  laceration  of  blood-vessels. — Gangrene,  as  a  consequence  of  rupture 
of  some  or  all  of  the  coats  of  the  large  vessels  of  the  lower  limb,  may  occur.  As  a 
result  of  laceration  and  separation  of  the  coats  of  an  artery,  either  sacculated  or  dis- 
secting aneurism  may  form.  Numerous  instances  of  popliteal  and  femoral  aneurism 
have  resulted  from  subcutaneous,  incomplete  rupture  of  the  coats  of  those  vessels. 
Subcutaneous  rupture  of  the  deep  veins  of  the  lower  extremity  sometimes  follow 
injury,  and  the  same  accident  not  unfrequently  happens  to  superficial  veins,  especially 
if  varicose.  The  consequences  of  rupture,  whether  subcutaneous  or  not,  of  large 
veins  is  often  very  serious,  and  may  be  even  more  so  than  the  rupture  of  the  corre- 
sponding artery.  In  the  Museum  of  the  Middlesex  Hospital  there  are  some  very 
typical  specimens  of  the  transverse  laceration  and  incurvation  of  the  internal  and 
middle  coats  of  laree  arteries  from  external  violence.  In  such  cases  the  vessels  are 
dosed  as  completely  as  if  Fleet  Spiers's  artery  constrictor  or  the  ligature  had  been 
used.    (See  Wounds  of  Vessels,  p.  360.) 

Rupture  of  nerves. — Nerves  may  be  ruptured  without  the  overlying  skin  being 
injured,  or  they  may  be  divided  by  a  wound  which  involves  the  integuments.  A 
compound  nerve  wound  is  often  far  less  serious  than  a  severe  contusion  of  a  nerve. 
The  ends  of  a  clean-cut  nerve  trunk  can  be  brought  together  by  fine  sutures,  and  a 
good  result  will  follow  if  this  treatment  be  adopted  at  once  ;  much  relief  followed  in 
one  case  by  bringing  the  ends  of  a  cut  great  sciatic  nerve  together,  nine  months  after 
its  division.3  A  severe  contusion  sometimes  causes  permanent  paralysis.  Both  in 
military  and  civil  practice,  lesions  of  nerves  of  the  lower  extremity  are  much  more 
rare  than  of  the  upper.  Sir  A.  Cooper  records  a  case  of  death  after  ligature  of  the 
sciatic  nerve  to  check  haemorrhage  from  the  artery  which  runs  in  its  substance.  The 
symptoms  of  ruptured  nerves  are  both  immediate  and  remote,  and  involve  sensation, 
motion,  and  nutrition.  (See  the  essay  on  Diseases  and  Injuries  of  Nerves,  for 
information  on  these  injuries.) 

Wounds. 

It  has  been  stated  above  that  there  are  certain  circumstances,  dependent  on 
locality,  which  influence  all  wounds  inflicted  on  the  lower  extremity.  Among  those 
tending  to  an  unfavourable  issue,  are — 1st,  the  size  of  the  parts  wounded,  more 
particularly  when  the  blood-vessels  and  joints  are  involved ;  2ndly,  the  dependent 
position  of  the  limb,  so  that  even  trifling  wounds  heal  less  readily  than  they  would 
do  elsewhere  ;  and  lastly,  the  distance  of  the  extreme  parts  of  the  lower  limb  from 

1  Shaw,  Path.  Soc.  Trans,  vol.  v.  p.  240.  Toogood,  J.,  Provincial  Med.  and  Sura.  Joum. 
1848,  p.  469.  -  Lancet,  Dec.  11,  1880,  p.  937. 

3  Whfelhouse's  case,  referred  to  in  Mr.  Fa  veil's  address,  Brit.  Med.  Joum.  August  5,  1870. 
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the  centre  of  the  circulation,  which  renders  them  when  injured  much  more  prone 
to  become  gangrenous. 

Contused  and  lacerated  wounds  of  the  lower  extremity  most  frequently  occur 
in  connection  with  fractures  and  gunshot  wounds,  and  are  treated  of  under  those 
heads.  When  produced  by  other  causes,  and  unaccompanied  by  fracture,  the  only 
respect  in  which  the  treatment  would  differ  from  similar  wounds  in  other  parts  of 
the  body  consists  in  the  necessity  of  absolute  rest  of  the  limb  during  the  greater  part 
of  the  treatment.  Incised  wounds  of  the  lower  extremity,  except  when  made  surgi- 
cally, are  not  of  very  frequent  occurrence  in  civil  practice  ;  and,  when  met  with,  are 
generally  found  to  have  resulted  from  some  accident  in  the  use  of  the  tools  employed 
in  certain  trades.  Thus  the  knee  joint  may  be  opened  by  the  slipping  of  a  knife  in 
cutting  leather  or  wood  placed  between  the  patient's  knees  ;  the  femoral  artery  may 
also  be  wounded  in  a  like  manner ;  1  and  death  has  been  known  to  result  from  a 
wound  of  this  vessel  by  the  breaking  of  a  wine-bottle  held  between  the  thighs  while 
drawing  the  cork.  Ugly  flesh-wounds  are  sometimes  produced  by  the  scythe  in 
mowing.  None  of  these,  however,  require  any  special  treatment  which  is  not  laid 
down  under  the  head  of  Wounds  of  Joints  and  Wounds  op  Arteries.  Punctured 
wounds  of  the  foot  are  not  unfrequent  from  treading  upon  sharp  substances  when 
bare-footed  or  in  very  thin  shoes.  They  are  said  to  be  more  dangerous  than  punc- 
tured wounds  of  the  leg  or  thigh,  and  the  danger  is  increased  if  the  penetrating 
body  becomes  broken  off  in  the  tissues,  or  is  rusty  or  otherwise  dirty.  Tetanus  not 
uncommonly  has  resulted  from  such  injuries.2 

Needles,  bullets,  and  other  foreign  bodies  sometimes  remain  buried  for  years  in 
the  fleshy  parts  of  the  thigh  or  leg,  without  causing  much  inconvenience,  and  unless 
their  site  can  be  ascertained  and  they  can  be  conveniently  got  at,  they  may  be  let 
alone  ;  but  when  in  the  neighbourhood  of  a  joint  they  are  apt  to  excite  recurrent 
attacks  of  inflammation,  and  should  be  removed. 

Gunshot  wounds  of  the  legs  cause  longer  and  more  serious  bullet  tracks  than 
similar  wounds  of  the  arms. 

Fractures. 

It  has  been  long  known  that  fractures  of  the  limbs  are  of  more  frequent  occur- 
rence than  those  of  the  trunk,  but  whether  the  upper  or  lower  limbs  are  most  liable 
to  these  accidents  is  a  point  not  so  well  determined.  Of  1,800  fractures  treated  at 
the  Pennsylvania  Hospital  from  1715  to  1838,  901  were  of  the  lower  extremity,  and 
572  of  the  upper.  Of  1,572  fractures  at  the  Calcutta  Native  Hospital  from  1815  to 
1837,  681  were  of  the  lower  extremity,  and  665  of  the  upper.  Of  2,328  fractures 
collected  by  Malgaigne  from  the  registers  of  the  Hotel  Dieu  at  Paris,  1,006  occurred 
in  the  lower  extremity,  and  850  in  the  upper ;  giving,  therefore,  out  of  the  total 
number  of  4,675  fractures  of  the  extremities  treated  at  these  three  institutions,  a 
majority  of  501  to  fractures  of  the  lower.3  When  we  take  into  consideration,  how- 
ever, the  fact  that  many  patients  with  fracture  of  the  upper  extremity  attend  only 
as  casual  or  out-patients,  and  so  escape  registration,  it  is  highly  probable  that  these 
injuries  are  quite  as  numerous,  if  not  more  so,  than  the  corresponding  ones  of  the 
lower  extremity.  This  is  quite  borne  out  by  the  statistics  of  fractures  collected  by 
the  late  Mr.  Lonsdale,  at  the  Middlesex  Hospital,  between  the  years  1831  and  1837. 
During  this  period  there  were  1,901  fractures,  treated  either  as  in-  or  as  out-patients, 
and  of  this  number  only  516  were  of  the  lower  extremity,  and  764  of  the  upper.4 
Thus  1,280  fractures  in  Lonsdale's  list  were  fractures  of  the  bones  of  the  extremi- 
ties. During  the  ten  years  1 870-1879,  the  registers  of  in-  and  out-door  patients 
who  attended  at  the  Middlesex  Hospital  record  1,858  fractures  of  the  extremities, 
of  which  1,168  were  of  the  upper  limb,  and  690  of  the  lower.  Thus,  putting  Lons- 
dale's figures  and  my  own  together,  there  are  3,138  fractures  of  the  bones  of  the 
limbs,  of  which  number  1,932  are  of  the  upper  and  1,206  of  the  lower  limb — i.e. 

1  Case  by  Holthouse,  Brit.  Med.  Journ.  1859,  pp.  364,  954. 

2  Gross,  System  of  Surgery,  vol.  i.  p.  373. 

3  Malgai°rne,  Traite  des  Fractures  et  des  Luxations,  tome  i. 

4  Lonsdale,  Practical  Treatise  on  Fractures. 

3  s  2 
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a  majority  of  726  on  the  side  of  the  upper.  The  great  frequency  of  fracture  of  the 
clavicle  goes  a  long  way  towards  making  up  this  majority.  These  figures  probably 
indicate  more  correctly  than  the  others  the  relative  proportion  of  fractures  occur- 
ring in  the  two  extremities. 

The  following  table  gives  an  analysis  of  690  fractures  of  the  lower  limb,  showing 
the  number  of  times  the  several  bones  were  fractured,  together  with  the  ages  and 
sex  of  the  patients  in  which  the  fractures  occurred  : — 


Table  I. — Summary  of  690  Fractures  of  the  Lower  Limb  which  hare  been  treated  at  the 
Middlesex  Hospital  in  the  ten  years  1870-1879. 


A^iimt'  of  bono  fractured 
and  the  total  number  of 
fractures 

Sex 

C 

ci  /_ 

3  © 

3  o 

o 

u 

Between 
10  and  20  years 

Between 
20  and  30  years 

Between 
30  and  40  years 

Between 
40  and  50  years 

Between 
50  and  60  years 

Between 
60  and  70  years 

Between 
70  and  80  years 

Bet  n  een 
80  aud  90  years 

Age  unstated 

Total 

Femur,  177 

Males 
Females  . 
Total  . 

43 
23 
66 

19 

5 
24 

8 
3 
11 

13 
2 
IS 

12 
6 
18 

4 
4 

8 

12 
5 
17 

7 
8 
15 

1 
1 

1 

I 

2 

119 

58 
177 

Patella,  79 

Males 
Females  . 
Total  . 

— 

1 
1 

6 
1 
7 

19 
13 

32 

14 

6 
20 

5 
8 
13 

4 
4 

1 
1 

49 
30 
79 

Tibia,  80 

Males 
Females  . 
Total  . 

12 

3 

15 

17 
1 
18 

8 
3 
11 

11 

3 
14 

T 
5 
12 

6 
1 

6 

3 
3 

64 
16 

80 

Fibula,1  177 

Males 
Females  . 
Total  . 

5 
5 

7 
1 

8 

24 
4 
28 

45 
10 

55 

36 
12 
48 

14 

9 
23 

4 

4 

1 

2 

139 
38 
177 

Tibia  and  Fibula, 
168 

Males 
Females  . 
Total  . 

8 
2 
10 

13 
3 
16 

19 
5 
24 

27 
11 

38 

23 
14 
37 

18 
6 
24 

7 
5 
12 

2 

3 
2 

119 

49 
168 

Os  calcis,  6 

Males 
Females  . 
Total 

1 

1 

2 
2 

2 
2 

1 
1 

6 
0 

Astragalus,  2 

Males 
Females  . 
Total  . 

1 
1 

2 

1 
1 

2 

Metatarsus,  1 

Males 
Females  . 
Total  . 

1 

1 

1 
1 

The  following  is  a  summary  of  1,168  fractures  of  the  upper  extremities  : — 

Table  II. — Summary  of  1,108  Fractures  of  the  Upper  Limh  which  have  been  treated  at  the 
Middlesex  Hospital  in  the  ten  years  1870-1879.- 


Clavicle  412 

Scapula  ...........10 

Humerus  .       .       .       .       .       .       .       .       .       .  .105 

Radius,  excluding  lower  eud    .......  151 

Colles'  fracture  of  radius  ........  169 

Olecranon  38 

Ulna  45 

Both  the  radius  and  ulna  ........  70 

Metacarpus  07 ;  phalanges  18  .       .       .       .       .       .  .85 

Miscellaneous  and  unstated       .......  8 

Total    .      .  1,168 


1  Of  these  41  were  Pott's  fracture — 32  in  males,  7  in  females,  in  2  the  sex  is  not  stated  ; 
9  were  simple  fractures  of  the  external  malleolus  only — 8  in  males,  1  in  females. 

2  The  Table  on  p.  947  is  substantially  the  same  as  this,  with  some  perfectly  unimportant 
variations. 
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Fractures  of  the  Femur. 

These  are  very  common  accidents.  After  the  clavicle  probably  no  single  hone  is 
more  frequently  broken  than  the  femur.  Thus,  out  of  1,168  fractures  of  the  upper 
limb,  412  were  of  the  clavicle;  then  camo  the  humerus,  which  was  broken  165  times, 
and  Colles'  fracture  of  the  radius,  which  happened  169  times.  Out  of  690  fractures 
of  the  lower  limb,  there  were  177  of  the  femur,  and  the  same  number  of  the  fibula 
alone.  Fractures  of  the  femur  are  proportionately  more  common  in  children  than 
adults.  Sixty-six  out  of  177  were  in  children  under  10  years.  Fractures  of  the 
femur  may  occur  in  any  part  of  the  bone,  and  include  every  variety  of  fracture. 
For  convenience  of  description  they  may  be  grouped  into  fractures  (1)  of  the  upper 
end  ;  (2)  of  the  shaft ;  and  (3)  of  the  lower  end  of  the  femur. 

1.  Fractures  of  the  Upper  Unci  of  the  Femur. 

These  are  divisible  into  (A)  fractures  of  the  neck  ;  (B)  fractures  through  the 
trochanter  major  and  base  of  the  neck  ;  (C)  separation  of  the  epiphysis  of  the 
head  of  the  bone  ;  (D)  separation  of  the  epiphysis  and  fracture  of  the  trochanter 
major. 

A.  Fractures  of  the  neck  of  the  femur  may  be  either  intracapsular,  or  partly 
within  and  partly  without  the  capsular  ligament — i.e.  at  the  base  of  the  neck  of  the 
femur. 

In  the  intracapsular  fracture  the  breach  of  continuity  may  take  place  close  to 
the  head  of  the  bone,  or  at  any  point  lower  down,  between  the  head  and  the  femoral 
insertion  of  the  capsule.  More  frequently  it  is  near  the  junction  of  the  head  with 
the  neck.  It  may  be  transverse  in  direction,  or  more  or  less  oblique,  or  vertical,  i.e. 
parallel  to  the  head,  and  is  then  often  dentated — these  indentations  in  a  recent  frac- 
ture resist  displacement,  and  may  possibly  explain  how  it  is  that  in  certain  cases  the 
patients  have  been  able  to  walk  for  some  time  after  the  injury — or  it  may  be  im- 
pacted, the  upper  end  of  the  lower  fragment  being  usually  forced  into  the  cancellous 
tissue  of  the  upper;  or,  lastly,  there  may  be  a  mutual  impaction.1  In  the  Musee 
Dupuytren  there  are  eight  specimens  of  reciprocal  penetration  of  the  fragments  of 
intracapsular  fractures.  The  displacement  of  the  fragments  in  non  impacted  cases 
varies;  generally  the  head  of  the  femur  is  carried  backwards  and  downwards  on  a 
level  with  the  great  trochanter,  occasionally  even  below  it.  The  apparent  depression 
of  the  head  is,  however,  in  part  due  to  the  rising  up  of  the  lower  fragment  of  the 
femur.  In  other  cases,  the  head  of  the  bone  is  completely  held  within  the  acetabulum. 

These  accidents  are  usually  produced  by  very  slight  violence  and  occur 
most  frequently  in  old  age  and  in  females.  They  are  predisposed  to  by  the 
impaired  nutrition,  altered  chemical  composition,  and  diminished  obliquity  to 
the  shaft  which  takes  place  in  the  neck  of  the  femur  in  old  age,  as  well  as  by  well- 
marked  fatty  degeneration  of  the  cancellous  and  thinning  of  the  cortical  tissue  of  the 
neck  of  the  bone.  It  is  a  mistake,  however,  to  suppose  that  these  changes  are 
necessary  or  constant  in  old  age,  or  that  intracapsular  fractures  are  niore  frequent 
in  old  people  than  fractures  at  the  base  or  root  of  the  neck.  All  that  can  be  said  is 
that  intracapsular  fractures  occur  almost  exclusively  in  old  age,  whilst  the  so-called 
extracapsular  fractures  occur  often  in  persons  under  as  well  as  over  fifty  years 
of  age. 

The  pathological  changes  in  the  neck  of  the  femur  which  predispose  to  fracture 
explain  how  it  is  that  such  slight  accidents  as  flipping  in  the  carpet  or  against  the 
curbstone,  or  catching  the  toes  in  the  bed-clothes,  cause  intracapsular  fracture  ;  and, 
again,  the  fact  of  their  being  caused  by  this  kind  of  accident  explains  why  intra- 
capsular fractures  are  so  rarely  impacted.  Further,  if  unimpacted,  these  intra- 
capsular fractures  rarely  or  never  unite  by  bone,  and  hence  they  usually  result  in 
great  lameness. 

As  to  the  age  at  which  intracapsular  fractures  occur ;  according  to  Sir  A.  Cooper, 
1  Bryant,  Med.  Times  and  Gaz.  May  1,  1869;  also  Bigelow,  The  Hip,  pp.  131,  132. 
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Fio.  156. — Intracapsular  Fracture  in 
a  Young  Person  before  the  Epi- 
physes of  the  Trochanters  have 
united.  (From  a  specimen  in  the 
Middlesex  Hospital  Museum.) 


out  of  225  cases  which  lie  hail  met  with  in  liis  practice,  only  2  were  below  the  age 
of  50.'  Of  28  specimens  of  this  fracture  examined  by  R.  W.  Smith,  4  were  from 
persons  below  the  age  of  50 ;  9  from  50  to  60,  both  inclusive ;  and  the  ages  of  the 
remainder  ranged  from  65  to  90,  also  both  inclusive.2  Exceptions  are  occasionally 
met  with,  and  have  been  recorded  by  Morgagni,3  who  found  this  fracture  in  a  woman 
of  40,  who  had  sustained  it  in  her  youth ;  by  Stanley,4  in  a  lad  of  18,  and  by 
Hamilton8  in  a  girl  of  16,  and  in  a  man  of  25.    Neither  of  the  latter  were  cases  of 

diastasis,  for  in  one  '  the  direction  of  the  fracture 
was  oblique,  commencing  just  at  the  articulating 
surface  of  the  head  and  ending  just  within  the 
capsule.'  Fig.  156  is  a  representation  of  an 
undoubted  case  of  fracture  within  the  capsule  in 
a  person  below  the  age  of  17  years,  the  epiphyi-os 
of  the  trochanters  being  not  yet  united  to  the 
shaft.  The  specimen  is  in  the  Museum  of  the 
Middlesex  Hospital. 

In  the  fractures  partly  within  and  partly 
without  the  capsule  the  line  of  fracture  may 
extend  along  the  intertrochanteric  ridges  in 
front  and  behind,  and  be  limited  by  the  tro- 
chanters above  and  below ;  or  it  may  extend 
across  the  posterior  surface  of  the  femur  above 
the  posterior  intertrochanteric  line,  and  yet  be 
outside  the  joint;  but  in  no  case  can  the  frac- 
ture be  altogether  extracapsular  (if  by  capsule 
is  meant  the  fibrous  capsule)  in  front  and  yet 
be  a  fracture  through  the  neck  of  the  femur, 
because  the  ilio-femoral  ligament  is  attached  to 
the  very  base  of  the  neck  at  its  junction  with 
the  shaft  of  the  femur.  Frequently  the  tro- 
chanter is  split  or  comminuted  ;  but  whether 
this  be  so  or  not,  and,  whether  the  fracture  be 
at  or  above  the  posterior  intertrochanteric 
ridge,  the  breach  of  continuity  in  front  of  the 
neck  is  higher  than  the  insertion  of  a  greater 
number  of  the  fibres  of  the  capsular  ligaments. 
M.  Houel,  the  learned  Conservator  of  the  Musee 
Dupuytren,  is,  I  am  aware,  of  opinion  that  no 
specimen  in  that  Museum  justifies  the  assertion 
that  there  is  a  variety  of  fractures  of  the  neck 
of  the  femur  partly  intra-  and  partly  extracap- 
sular ;  and,  without  denying  the  possibility  of  such  a  fracture,  he  thinks  sush  cases 
must  be  rare.  With  the  profoundest  respect  for  the  opinion  of  M.  Houel,  whose 
courtesy  to  visitors  to  his  Museum  I  would  here  gratefully  acknowledge,  I  have, 
after  examining  all  the  specimens  in  the  Paris  Museum,  besides  many  others,  come 
to  a  different  conclusion. 

In  each  of  these  great  classes  of  fracture  of  the  neck  of  the  femur  the  joint  is 
practically  involved,  though,  as  the  thickness  of  the  front  of  the  capsular  is  very 
considerable,  it  is  just  possible  in  some  cases  that  the  line  of  fracture  may  run  along 
amongst  its  fibres  at  their  attachment  to  the  femur  without  being  actually  within 
the  synovial  sac,  which  is  reflected  from  the  inner  surface  of  the  capsule  on  to  the 
neck  of  the  bone.    Moreover,  the  symptoms  of  the  two  classes  of  fracture  are  closely 


1  Sir  A.  Cooper,  On  Dislocations  and  Fractures  of  Joints,  edit.  1842,  p. 

-  Fractures  and  Dislocations,  by  R.  W.  Smith,  p.  108. 

3  Morgagni,  De  Caasis  et,  Sedibus  Morborum,  epist.  56,  art,  10. 

4  Med.-Chir.  Trans,  vol.  xviii.  p.  256. 

"  Hamilton,  On  Fractures  and  Dislocations,  3rd  ed.  p.  382. 
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alike.  The  reasons  for  keeping  up  the  old  division  made  by  Sir  A.  Cooper  of 
intra-  and  extracapsular  fracture  have  been  that  the  violence  which  produces  intra- 
capsular fracture  is  often  very  slight  and  very  indirect ;  that  the  intracapsular 
fracture  is  more  often  non-impacted  ;  that  the  method  of  repair  is  not  the  same  in  the 
two  fractures,  and  the  prognosis  is  much  more  unfavourable  in  the  intracapsular 
variety. 

Impacted  and  unimpacted,  the  two  important  classes  of  fracture  of  the  cervix 
femoris. — What  is  of  much  greater  clinical  importance  than  the  question  as  to  their 
being  intra-  or  extracapsular  is  as  to  whether  these  iractures  of  the  neck  of  the  thigh- 
bone are  impacted  or  non-impacted. 

Fig.  157. — Extracapsular  impacted  Fracture       Fig.  158. — Posterior  View  of  the  same 
of  Cervix  Femoris,  with  separation  of  Fracture, 
the  trochanter.    (From  the  Museum  of 
Westminster  Hospital.) 


Robert  Smith  expresses  his  belief  that  all  extracapsular  fractures  are  in  the  first 
instance  impacted,  and  that  all  impacted  fractures  are  necessarily  accompanied  by  a 
fracture  traversing  some  part  of  the  trochanteric  region.  He  considered  that  the 
distance  to  which  the  neck  of  the  femur  is  driven  into  the  cancelli  of  the  shaft,  as 
well  as  the  angle  which  it  forms  with  the  latter,  varies  in  accordance  with  the 
violence  and  direction  of  the  applied  force. 

If  the  force  has  not  been  very  great,  the  neck  of  the  femur  remains  wedged  in  between 
the  trochanters,  and  one  or  both  of  these  processes  are  split  off  from  the  shaft ;  hut  if  the 
fibrous  structures  before  alluded  to  (which  invest  the  whole  of  the  trochanteric  region)  have 
not  been  injured,  these  broken  portions  of  the  trochanters  are  still  held  firmly  in  their  places, 
and  the  impacted  cervix  does  not  become  looseued  ;  but  if  the  force  has  been  considerable, 
the  impulse  prolonged,  the  bone  in  a  state  of  senile  atrophy,  or  if,  as  frequently  happens,  the 
patient  in  endeavouring  to  rise  falls  a  second  time,  then,  under  tke&e  circumstances,  the 
trochanters  are  not  only  broken  from  the  shaft  of  the  femur,  but  are  so  far  displaced  and 
separated  from  their  connection  with  the  soft  parts  that  the  cavity  or  socket,  as  it  were,  into 
which  the  superior  fragment  has  been  received  is  destroyed.  The  impacted  cervix,  thus  set 
free,  no  longer  opposes  the  ascent  of  the  inferior  fragment,  and  the  case  then  presents  the 
characters  of  the  ordinary  extracapsular  fracture,  with  great  shortening  of  the  limb.1 

All  this  is  doubtless  true  of  the  majority  of  fractures  at  the  base  of  the  neck,  but 
there  are  some  exceptions,  as  in  the  specimen  referred  to  by  Hamilton  in  Dr.  Mutter's 
collection,  whei'e  the  neck,  having  been  broken  close  to  the  intra-trochanteric  lines, 
has  apparently  slid  down  upon  the  shaft  about  one  inch,  at  which  point  it  is  firmly 

1  R.  W.  Smith,  On  Fractures  and  Dislocations,  p.  17.  Malgaigne  regarded  the  penetra- 
tion of  the  neck  of  the  bone  into  the  base  of  the  great  trochanter  as  the  rule,  and  the  cases  in 
which  it  did  not  occur  as  exceptional. 
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united  by  bono.  So,  again,  in  thoso  specimens  of  very  slight  impaction  which  have 
been  considered  by  some  as  examples  of  partial  fracture,  no  trace  of  anything  like  a 
crack  or  fissure  is  to  be  discovered  on  the  trochanter.  There  is  a  rare  variety  of 
so-called  extracapsular  fracture  occasionally  met  with,  in  which  the  lower  fragment 
penetrates  a  short  distance  into  the  upper. 

The  examination  of  a  number  of  museum  specimens  would  seem  to  prove  that 
the  neck  in  nearly  all  cases  penetrates,  and  therefore  is  impacted,  in  the  great 
trochanter;  but  it  should  be  borne  in  mind  that  the  neck  may  be  jammed  between 
two  pieces  of  broken  trochanter  and  thus  consolidate,  looking  after  the  lapse  of 
time  as  if  originally  impacted.  Mr.  Hutchinson  1  has  reported  a  case  which  illus- 
trates the  possibility  of  this  fallacy. 

Ls  a  general  rule,  however,  it  may  be  stated  that  fractures  at  the  junction  of  the 
neck  with  the  shaft  of  the  femur  are  impacted,  and  that  if  they  become  unimpacted 
it  is  owing  to  excessive  comminution  of  the  bone;  on  the  other  hand,  the  fractures  of 
the  neck,  which  are  entirely  within  the  capsule,  are  unimpacted  as  a  rule,  though  they 
may  be  impacted. 

It  follows,  therefore,  that  an  impacted  fracture  of  the  neck  of  the  femur  is  in 
great  probability  a  fracture  along  the  root  of  the  neck  j  but  the  converse  does  not 
hold  good- — viz.  that  in  an  unimpacted  fracture  the  breach  of  continuity  is  almost 
certainly  and  completely  within  the  capsular  ligament. 

What  the  surgeon  has  to  take  especial  care  of,  however,  is  not  to  convert  an 
impacted  into  an  unimpacted  fracture  either  by  moving  the  patient  or  the  patient's 
limb ;  e.g.  when  removing  the  patient  to  bed,  or  manipulating  him  when  in  bed. 
Let  him  be  guarded,  when  examining  with  a  view  to  detect  the  nature  of  the  acci- 
dent, not  to  try  overmuch  to  '  make  out  whether  crepitus  can  or  cannot  be  felt.' 
The  mere  weight  of  the  limb,  if  left  for  a  day  or  two  unsupported  by  a  splint,  may 
convert  an  impacted  into  an  unimpacted  fracture.  Practitioners  would  do  well  to 
bear  this  in  mind. 

Cause  of  fracture  of  the  neck  of  the  thigh-bone. — These  fractures  may  arise  from 
slight  indirect  violence,  or  from  more  severe  and  direct  force.  In  the  slipping  or 
tripping  which  have  been  spoken  of  as  causing  intracapsular  fractures,  the  sudden 
twist  or  jerk  breaks  the  fragile  neck  of  the  bone,  and  the  patient  falls  as  a  conse- 
quence of  the  fracture.  Either  variety  of  the  injury  may  happen  by  a  sudden 
movement  of  rotation  of  the  body  whilst  the  limb  is  prevented  moving  with  it,2  or 
from  a  fall  on  the  great  trochanter.  In  the  latter  case  the  fall  first  breaks  the  neck 
of  the  bone,  which  is  then  driven  into  the  cancellated  tissue  between  the  trochanters, 
and  acts  like  a  wedge  in  splitting  or  even  detaching  entirely  one  or  both  of  these 
processes.  M.  Rodet,  by  a  series  of  experiments  on  the  os  femoris,  and  on  plaster 
casts  of  the  bone,  has  arrived  at  the  conclusion  that  the  situation  and  direction  of 
the  fracture  may  be  predicated  by  a  knowledge  of  the  direction  in  which  the  force 
has  acted.  Thus,  a  force  acting  vertically,  as  in  falling  on  the  feet  or  knees,  will 
produce  an  oblique  intracapsular  fracture ;  a  force  acting  from  before  backwards,  a 
transverse  intracapsular  fracture ;  one  from  behind  forwards,  a  fracture  partly 
within  and  partly  without  the  capsule ;  and  a  force  applied  transversely,  a  fracture 
entirely  without  the  capsule.3 

These  conclusions  are,  I  believe,  in  the  main  correct,  except  that  I  think  a  force 
when  applied  transversely  produces  a  fracture  partly  within  and  partly  without  the 
capsule  involving  the  trochanter  major,  and  that  if  the  force  is  not  too  violent  the 
fracture  is  impacted  with  marked  eversion  of  the  limb.  I  do  not  recognise  a  fracture 
of  the  neck  of  the  femur  '  entirely  without  the  capsule,'  for  the  reason  that  this 
language  seems  to  me  anatomically  incorrect.  A  force  acting  from  behind  forwards 
and  inwards  I  have  found  produces  a  fracture  without  eversion,  and  sometimes  with 
inversion, 

Pathology. — The  immediate  injury  to  the  soft  parts  which  results  from  a  fracture 

1  Path.  Soc.  Trans,  vol.  xvii.  p.  242. 

2  See  footnote,  p.  273,  Holmes's  Surgery ;  its  Principles  and  Practice,  3rd  ed. 

3  L  Experience,  mars  14,  1S44. 
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Fig.  159. — False  Joint  after  old 
Fracture  of  the  Neck  of  the 
Femur  within  the  Capsule.  The 
patient  died  at  the  age  of  98, 
four  mouths  after  fracture  of  the 
shaft  of  the  femur  with  great  dis- 
placement. '  St.  George's  Hospital 
Reports,'  vol.  iv.  (From  St. 
George's  Hospital  Museum.) 


of  the  neck  of  the  femur  does  not  differ  from  that  which  occurs  from  fractures  into 
other  joints.  In  fractures  at  the  base  of  the  neck  the  posterior  part  of  the  capsule 
is  not  interfered  with,  the  fracture  being  below 
it,  but  the  fracture  i  uns  along  between  fibres  of 
the  ligament  in  front.  The  synovial  membrane 
may  or  may  not  escape,  but  it  is  not  probable 
that  it  is  frequently  altogether  exempt  from 
lacoration.  In  the  fractures  within  the  capsule 
the  hbro-synovial  reflection  of  the  capsular  liga- 
ment which  invests  the  neck  of  the  femur  is,  as 
a  rule,  partially  or  completely  torn  through,  and 
the  amount  of  separation  of  the  fragments  and 
of  the  shortening  of  the  limb  are,  to  a  certain 
degree,  regulated  by  the  extent  of  the  laceration. 
There  will  be  also  some  blood  and  an  increased 
quantity  of  synovia  poured  into  the  joint.  In 
rare  cases  of  intracapsular  fracture,  even  when 
the  fracture  commences  superiorly  at  the  car- 
tilaginous margin  of  the  head  of  the  bone,  the 
capsular  ligament  may  be  penetrated  by  the 
pointed  extremity  of  one  or  other  of  the  frag- 
ments. Sometimes  the  upper  end  of  the  lower 
fragment  has  penetrated  the  back  of  the  capsule 
and  been  the  cause  of  inversion  of  the  limb.  In 
other  instances  the  lower  end  of  the  upper  frag- 
ment has  penetrated  the  front  of  the  ligament. 
R.  W.  Smith  1  has  reported  the  case  of  a  man, 
set.  70,  in  which  the  capsule  was  thus  perforated 
by  the  upper  fragment  close  to  its  attachment  to 
the  anterior  intertrochanteric  line.  Suppurative  inflammation  rapidly  supervened 
and  the  patient  died  soon  after  the  injury.  In  old-standing  cases  the  capsular  liga- 
ment and  synovial  membrane  are  usually  much 
thickened  and  sometimes  partially  ossified ; 
sometimes  all  movement  between  the  fractured 
surfaces  is  prevented  by  their  close  and  firm 
union  by  fibrous  tissue  ;  or  the  fragments  may 
be  only  partially  united  by  elongated  bands 
which  allow  of  the  free  movement  of  the  lower 
fragment ;  or  there  may  be  no  union  of  any 
kind,  but  a  false  joint,  the  broken  surface  of  the 
upper  fragment,  being  hollowed  out  and  ebur- 
nated,  so  as  to  form  a  socket  in  which  plays  the 
rounded,  smooth,  eburnated,  and  shortened 
stump  of  the  lower  fragment ; 2  or  each  of  the 
surfaces  may  be  concavo-convex,  and  so  adapted 
to  each  other  as  to  admit  of  a  considerable 
amount  of  motion  between  them  (fig.  159). 
Bony  union  in  intracapsular  fracture  is  rare, 
and  by  some  has  been  considered  impossible; 
but  a  sufficient  number  of  undoubted  cases 
have  now  been  brought  to  light  both  in  Eu- 
rope and  in  America  to  place  the  fact  beyond 
a  doubt.3  Sir  A.  Cooper,  though  he  laid  so  much  stress  on  the  fact  that  intra- 
capsular fractures  do  not  as  a  rule  unite  by  bone,  did  not  deny  the  possibility  of 

1  Smith,  Proceedings  Path.  Soc.  Dublin,  N.S.  vol.  iv.  p.  114. 

2  See  a  case  by  Holthouse  in  Path.  Soc.  Trans.  Session  1849-50,  p.  252. 

3  For  a  full  account  of  the  various  specimens  of  bony  union,  real  or  supposed,  see 
Hamilton,  3rd  ed.  p.  355  et  si-q.    There  are  such  specimens  in  the  Musee  Dupuytren,  No. 


Fig.  1G0. — Bony  Union  of  Intra- 
capsular Fracture  of  the  Femur. 
(From  St.  George's  Hospital 
Museum.) 
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such  union ;  but  he  asserts  that  it  requires  such  a  combination  of  favourable  cir- 
cumstances as  is  very  rarely  met  with ;  thus  it  may  take  place  '  when  the  fracture  is 
through  the  head  of  the  bone,  with  no  separation  of  the  fractured  ends ;  when  the 
bone  is  broken  without  its  periosteum  being  torn ;  or  when  it  is  broken  obliquely, 
partly  within  and  partly  external  to  the  capsular  ligament,' 1  and  to  these  we,  mat/ 
a</<l  when  the  fragments  are  impacted,  as  was  the  case  in  the  preparation  represented  in 
fig.  1G0,  or  when  they  can  be  kept  in  apposition  for  a  sufficient  length  of  time  under 
any  other  circumstances.  Osseous  union  has  been  often  admitted  to  occur  in  rachitic 
subjects.  Now,  although  it  is  the  separation  of  the  fragments  which  undoubtedly 
forms  the  chief  obstacle  to  union,  there  are  other  causes  which  conspire  to  the  same 
result ;  such  as  the  age  and  feebleness  of  the  patient,  and  the  small  supply  of  blood 
to  the  injured  parts.  '  The  head  of  the  bone  receives  its  supply  of  blood  chiefly 
through  the  neck  and  reflected  capsule,  and  when  both  are  severed,  the  small  amount 
furnished  by  the  round  ligament  is  found  to  be  insufficient.'  Lastly,  the  long 
confinement  in  one  position,  which  is  necessary  for  bony  union,  is  what  many  old 
people  are  unable  to  bear.  It  is  probable  that  some  of  the  specimens  in  which  it 
is  supposed  bony  union  has  taken  place  are  from  joints  the  seat  of  chronic  rheumatoid 
arthritis,  in  which,  according  to  M.  Houel,  a  bony  lamella,  often  mistaken  for  compact 
callus,  is  seen  well  developed. 

The  non  impacted  fractures  at  the  base  of  the  neck  present  a  remarkable  contrast 
to  the  non-impacted  intracapsular  fractures  in  their  subsequent  progress,  inasmuch  as 
bony  union  is  the  rule  instead  of  the  exception ;  nevertheless,  it  is  a  slow  process,  and 
the  consolidation  of  the  trochanters  to  the  shaft  takes  place  long  before  that  of  the 
opposed  surfaces  of  the  fractured  neck  and  of  the  shaft.  The  great  exuberance  of 
ossitic  deposit  which  frequently  takes  pla.ce  in  the  neighbourhood  of  the  trochanters 
is  supposed  to  have  relation  to  the  comminution  and  separation  of  the  fragments  of 
these  processes. 

All  impacted  fractures  which  are  not  disturbed,  or  which  do  not  subsequently 
become  unimpacted,  unite  by  bone. 

Symptoms  of  fracture  of  the  neck  of  the  thigh-bone. — The  symptoms  are 
shortening  and  rotation  outwards  of  the  limb,  with  more  or  less  loss  of  power ; 
alteration  in  the  position  of  the  great  trochanter ;  occasional  crepitus,  swelling, 
and  pain. 

The  pain  is  felt  by  pressure  behind  the  trochanter  and  in  the  groin,  and  is 
increased  by  all  movements,  especially  movements  of  rotation.  The  swelling  is 
usually  but  slight,  and  consists  of  some  fulness  in  the  groin,  partly  owing  to  effusion 
within  and  around  the  joint  and  partly  to  the  broken  neck  of  the  bone  projecting 
against  the  front  of  the  capsule.  Crepitus  may  in  some  cases  be  detected  by  very 
slight  movement  of  the  limb  whilst  the  hand  is  placed  with  the  thumb  over  the 
head  of  the  femur  and  the  fingers  behind  the  trochanter,  or  vice  versa  ;  but  no  con- 
tinued efforts  should  be  made  to  detect  it,  more  especially  as  crepitus  as  a  symptom 
is  quite  unnecessary  for  diagnostic  purposes.  The  loss  of  power  is  very  variable  ;  it 
may  amount  to  complete  helplessness  in  the  limb,  whereas,  on  the  other  hand, 
patients  have  been  known  not  only  to  rise  from  the  ground,  but  to  walk  even  up  a 
flight  of  stairs  after  the  accident. 

Aversion  of  the  limb  is  almost  constant;  it  is  often  spoken  of  as  eversion  of  the 
foot,  but  it  is  really  a  rotation  outwards  of  the  whole  limb.  It  may  be  slight,  and 
then  perhaps  is  best  indicated,  as  Bigelow  suggests,  by  a  comparison  of  the  extent  to 
which  the  two  limbs  can  be  inverted.  The  shortening  varies  from  £  of  an  inch  to 
2£  inches.  It  may  be  very  trifling  at  first,  owing  to  temporary  paralysis  of  the 
muscles  from  contusion,  or  to  impaction  of  the  fragments,  or  owing  to  the  direction 
of  the  fracture  being  such  as  to  oppose  the  ascent  of  the  lower  fragment. 

The  position  of  the  great  trochanter  is  one  nearer  to  the  auterior  superior  iliac  spine 

188,  188a,  M.  Houel's  Catalogue.    See  also  paper  by  Walter  Jones  and  Mr.  Stanley,  Med.- 
Chir.  Trans,  vol.  xxiv.  p.  12;  and  report  of  Dr.  James's  accident  in  Med.-Chir.  Trans. 
vol.  xiii.  p.  513;  and  R.  W.  Smith,  Proceedings  Path.  Soc.  Dublin,  N.S.  vol.  ii.  p.  141. 
1  Sir  A.  Cooper,  On  Dislocations  and  Fractures  of  the  Joints,  ed.  1842,  p.  137. 
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and  to  the  median  line  of  the  body  than  natural.  There  are  three  ways  by  which 
the  displacement  of  the  trochanter  can  be  verified — viz.  by  Nelaton's  line,  by 
Bryant's  triangle,  and  by  the  bitrochanteric  or  transverse  measurement. 

Nelaton's  test  consists  in  stretching  a  tape  from  the  anterior  superior  spine  of 
the  ilium  to  the  most  prominent  part  of  the  tuber  ischii.  In  the  natural  condition, 
the  top  of  the  trochanter  in  every  position  of  the  limb  is  in  some  part  of  that  line, 
but  in  fractures  of  the  neck  it  is  always  above  the  line. 

Bryant's  test  line  is  the  distance  from  the  top  of  the  trochanter  to  a  vertical  line 
let  down  from  the  anterior  superior  spine  of  the  ilium  on  to  the  mattress  on  which 
the  patient  is  lying.  The  distance  on  the  injured  side  compared  with  that  on  the 
sound  side  shows  the  degree  of  vertical  displacement  of  the  trochanter  and  the 
extent  of  shortening. 

The  bitrochanteric  or  transverse  measurement,  which  I  have  for  some  time 
employed,  and  found  of  great  service  and  easy  application,  consists  in  measuring  the 
distance  from  the  median  line  of  the  body  to  the  antero  posterior  line  at  right  angles 
to  the  long  axis  of  the  body,  through  the  top  of  the  great  trochanter  on  each  side. 
The  distance  is  always  less  on  the  side  of  the  fracture,  and  in  the  several  cases  in 
which  it  has  been  employed  the  degree  of  inward  displacement  as  shown  by  this 
bitrochanteric  measurement  has  exactly  corresponded  to  the  degree  of  vertical  dis- 
placement shown  by  Bryant's  test.  The  measurement  can  be  reauily  made  with  the 
aid  of  a  piece  of  string  and  the  bed-card  or  a  book  ;  but  for  use  in  the  hospital  and 

Fig.  101. — Bitrochanteric  or  Transverse  Measurement  for  detecting  Fractures  of  Neck 

of  Femur. 


for  the  purposes  of  illustration  I  have  had  made  a  measure  graduated  alike  on  each 
side  of  a  short  central  index  which  is  held  over  the  median  line  of  the  patient  (vide 
fig.  161). 

Dr.  Allis  1  has  drawn  attention  to  a  sign  which  he  says  is  diagnostic  of  any  frac- 
ture through  the  neck  of  the  femur — namely,  a  relaxed  condition  of  the  fascia  lata 
above  the  trochanter,  between  it  and  the  crest  of  the  ilium,  on  the  injured  side,  caused 
by  the  loss  of  the  resistance  which  is  afforded  by  the  cervix  femoris  when  unbroken.3 
There  is  a  similar  loss  of  resistance  in  the  fascia  just  above  the  outer  side  of  the 
knee. 

The  symptoms  will  vary  somewhat  in  accordance  with  the  impaction  or  non- 
impaction,  or  degree  and  angle  of  impaction,  of  the  fragments.  It  may  be  stated 
generally  that  the  more  complete  the  impaction  the  less  obvious  will  be  the  signs 
of  fracture,  and  the  more  liable  the  injury  to  be  mistaken  for  one  of  a  different 
nature  ;  especially  will  this  be  the  case  where  the  impaction  is  slight,  and  the  neck 
deviates  but  little  from  its  natural  angle.  On  the  contrary,  all  the  symptoms  of  a 
fracture  of  the  neck  of  the  bone  will  be  more  marked,  and  the  nature  of  the  injury 
less  doubtful  in  proportion  to  the  separation  of  the  fragments.    Thus  the  limb  may 

1  Ohio  Med.  Sec.  1879-80,  vol.  iv.  pp.  335  and  385. 
%  Agnellis  Surgery,  vol.  i.  p.  935, 


1004 


INJURIES  OF  THE  LOWER  EXTREMITY. 


be  shortened,  from  an  inch  and  a  half  to  two  inches  or  more,  but  can  be  drawn 
down  to  the  same  length  as  the  other ;  the  rotation  outwards  will  be  greater,  the 
crepitus  more  manifest,  the  detached  trochanteric  fragment  more  displaced,  the  pain 
and  swelling  greater,  with  sometimes  visible  bruising  of  the  soft  parts  about  the  hip 
and  upper  part  of  the  thigh,  and  complete  helplessness  of  the  whole  limb.  In 
complete  impaction,  the  shortening  of  the  limb  varies  from  a  quarter  of  an  inch  to 
an  inch,  and  cannot  be  diminished  by  traction  ;  the  eversion  is  usually  less  than  in 
non-impacted  fracture,  and  often  very  slight.  Crepitus  cannot  be  elicited  by 
rotating  the  limb,  nor  is  it  justifiable  to  make  any  but  the  slightest  attempt  to 
obtain  it  in  examining  a  case  of  suspected  fracture.  The  violent  efforts,  even  to 
making  the  patient  endeavour  to  stand  on  the  leg,  of  the  old  surgeons  cannot  be  too 
severely  condemned  as  not  only  needless,  but  damaging.  The  head  of  the  bone  can 
be  made  to  move  freely  in  the  acetabulum,  and  the  trochanter  moves  with  it,  though 
on  a  shorter  arc.  This  process  is  also  nearer  to  the  crest  of  the  ilium  and  the  median 
line  of  the  body,  and  the  limb  in  general  lacks  that  appearance  of  helplessness  which 
is  seen  in  the  other  varieties  of  this  accident. 

Inversion  of  the  limb  is  met  with  occasionally  in  fractures  both  within  the  cap- 
sule and  at  the  base  of  the  neck.  In  the  dissection  of  these  cases  it  has  been  ob- 
served that  the  inferior  fragment  is  always  in  front  of  the  superior;  and  I  believe 
that  the  inversion  is  due  to  the  direction  of  the  violence  which  fractures  the  bone 
and  drives  the  trochanter  forwards  and  inwards,  thus  rotating  the  limb  and  impacting 
the  fragments  in  this  position. 

In  a  case  of  Mr.  Langstaff  s  of  intracapsular  fracture  the  foot  was  in  the  first 
instance  turned  outwards,  but  became  inverted  when  the  portion  of  the  cervix  con- 
nected with  the  shaft  became  absorbed.  This  accords  with  what  is  sometimes  seen 
after  excision  of  the  head  and  neck  of  the  femur.  Mr.  Guthrie  has  recorded  in  a 
paper  on  '  Inversion  of  the  Foot  in  Fracture  of  the  Neck  of  the  Femur  '  ('  Med.-Chir. 
Trans.'  vol.  xiii.)  a  case  in  which  eversion  was  followed  by  inversion  as  soon  as  the 
limb  was  placed  in  the  extended  position  ;  and  another  in  which  from  the  first 
inversion  prevailed.  In  this  latter  case  the  trochanter  was  broken  off"  as  well  as 
the  neck  of  the  femur,  so  as  to  leave  the  insertions  of  the  pyriformis,  gemelli,  obtu- 
rator internus,  and  externus  and  quadratus,  with  the  upper  fragment ;  but  sufficient 
of  the  insertions  of  the  gluteus  minimus  and  gluteus  medius  (the  inward  rotators) 
attached  to  the  lower  fragment  not  to  deprive  them  of  their  due  action  on  the 
shaft. 

In  a  case  of  impacted  fracture  in  a  woman  recently  under  my  care  in  the  Mid- 
dlesex Hospital,  the  foot  was  quite  straight,  there  being  neither  inversion  nor  ever- 
sion, but  three-quarter  of  an  inch  shortening,  as  shown  both  by  the  transverse  measure- 
ments and  by  Bryant's  line ;  the  accident  was  caused  by  her  falling  upon  her 
back  and  light  hip,  thus  striking  the  posterior  and  outer  side  of  the  trochanter  and 
crushing  it  inwards  and  forwards. 

Dr.  W.  Pirrie 1  has  reported  a  unique  case  of  unimpacted  intracapsular  fracture 
with  great  flexion,  adduction,  and  inversion  of  the  limb,  the  patient  lying  in  much 
the  same  position  as  is  assumed  in  dislocation  of  the  hip  downwards  and  outwards 
towards  the  tuberosity.2  Pirrie  believes  that  the  integrity  and  tension  of  the 
ilio-femoral  ligament  was  the  cause  of  the  remarkable  position  of  the  limb  ;  but  it  is  to 
be  observed  that  the  patient  is  described  as  having  fallen  upon  '  her  back  and  right 
hip.'  The  fracture  was  reduced  by  practising  the  same  manipulation  as  for  dorsal 
dislocation  of  the  hip,  and  when  the  limb  was  thus  brought  into  proper  position 
there  was  no  tendency  to  inversion  or  eversion,  and  scarcely  any  shortening. 

That  the  fixation  of  the  limb  in  inversion  is  not  due  to  the  muscles  is  proved  by 
the  following  fact  recorded  by  R.  Smith  :  '  If  extension  be  made  so  as  to  remove  the 
deformity  and  restore  the  length  of  the  limb,  as  soon  as  the  extending  force  ceases 
to  act,  though  the  limb  is  again  shortened,  the  foot  will  be  found  to  remain  everted.' 3 


1  Lancet,  Jan.  4,  1870. 

~  See  ti<r.  13,  p.  G.j,  in  Bigelow's  work  on  the  Hip,  and  compare  it  with  the  fig.  in  Dr 
Pirrie's  paper.  ;i  R.  Smith,  op.  cit.  p.  25. 
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When  the  fragments  become  locked  together,  the  action  of  the  external  rotator 
muscles  is  resisted,  but  the  influence  of  inward  rotator  muscles  in  causing  or  keep- 
ing up  inversion,  if  it  exists  at  all,  is  but  secondary.  Again  in  intracapsular  fractures, 
if  the  fibro-synovial  reflection  of  the  capsule  along  the  front  of  the  neck  is  untorn, 
eversion  may  be  prevented,  but  inversion  could  not  thus  be  caused.  As  fractures 
with  inversion  are  apt  to  be  mistaken  for  dislocation  of  the  hip,  the  interest  attach- 
ing to  these  cases  is  with  reference  to  diagnosis.    (See  Dislocation  of  the  Hip.) 

The  cause  of  eversion  in  fracture  of  the  neck  of  the  th  'ujh. — The  eversion  of  the 
limb  which  persists  after  all  muscular  action  has  been  suspended  is  accounted  for 
by  the  weight  of  the  limb;  the  line  of  gravity  passing  through  the  outer  side  of 
the  thigh  causes  the  limb  to  fall  outwards,  as  is  seen  in  persons  asleep  or  insensible, 
even  when  there  is  no  fracture  present.  Again,  there  is  a  g3'eat  difference  between 
the  cortical  portion  of  the  anterior  and  posterior  aspects  of  the  neck  of  the  femur, 
that  behind  being  much  thinner  and  more  brittle  than  that  in  front ;  so  that,  as 
Bigelow  has  pointed  out,  the  posterior  part  of  the  neck  becomes  impacted  and  much 
more  crushed  up  than  the  anterior  ;  thus  more  ready  yielding  of  the  back  of  the  neck 
would  itself  favour  eversion  whether  the  fracture  be  impacted  or  unimpacted. 
Finally,  the  action  of  muscles  would  lend  assistance  in  the  same  direction ;  not  only 
are  there  the  small  external  rotator  muscles  acting  on  the  trochanter,  but  the  ilio-psoas, 
the  pectineus,  and  the  adductors,  acting  on  the  upper  end  and  shaft  of  the  femur, 
assist  in  rotating  it  outwards.  Without  thinking,  therefore,  that  the  muscles  are 
without  influence  altogether,  my  own  opinion  is  that  the  weight  of  the  limb  espe- 
cially, and  the  fragility  of  the  back  of  the  cervix  femoris,  are  the  two  chief  factors  in 
causing  the  eversion. 

The  question,  however,  is  one  about  which  there  is  not  unanimity  of  opinion, 
and  not  long  ago  a  discussion  upon  it  was  again  raised  by  a  paper  read  at  Cork  by 
Mr.  E.  Owen.1 

The  occasional  absence  of  shortening. — It  has  been  stated  above  that  the 
shortening  may  vary  from  a  quarter  of  an  inch  to  two  inches  and  a  half.  Not 
unfrequently  it  is  altogether  inconsiderable,  not  exceeding  half  an  inch.  Fractures 
may  exist  without  any  shortening  throughout  the  whole  period  of  union,  as  in  a  case 
described  by  Guthrie.2 

Sir  Benjamin  Brodie  dissected  a  case  in  which  the  cervix  was  obliquely  broken,  and  in 
which  tl»e  upper  part  of  the  bone  prevented  the  ascent  of  the  lower.  Mr.  Stanley  also 
relates  the  following  case :  '  A  man,  aged  60,  was  knocked  down  in  the  street ;  he  com- 
plained of  pain  in  the  hip,  but  there  was  neither  shortening  nor  eversion  of  the  limb,  and  its 
several  motions  could  be  executed  with  perfect  freedom  and  power.  A  fracture  was  not  sus- 
pected ;  the  patient,  therefore,  was  merely  confined  to  his  bed.  In  the  fifth  week  from  the 
date  of  the  accident  he  died  from  another  cause.  No  trace  of  injury  was  found  in  the  parts 
around  the  hip-joint,  but  small  effusions  of  blood,  apparently  not  recent,  were  discovered 
beneath  the  synovial  and  fibrous  membrane,  covering  the  neck  of  the  femur,  also  beneath  the 
synovial  membrane  covering  the  ligamentum  teres.  The  head  and  neck  of  the  bone  were 
sawed  through  their  middle,  and  in  each  portion  a  dark  line,  evidently  occasioned  by  the 
effusion  of  blood,  was  seen  extending  through  the  bone  at  the  base  of  the  neck.  A  fracture 
was  discovered  extending  along  this  line  ;  but  the  broken  surfaces  were  in  contact,  and  the 
synovial  and  fibrous  membrane  covering  the  neck  of  the  bone  was  uninjured.  In  this  case,' 
Mr.  Stanley  very  pertinently  remarks,  '  if  an  attempt  had  been  made  to  walk  at  the  end  of 
two  or  even  three  weeks  from  the  accident,  a  separation  of  the  fractured  surfaces,  and  con- 
sequent shortening  of  the  limb,  would  have  been  the  result.'  3 

It  sometimes  happens  that  there  is  no  shortening  at  first,  but  that  this  symptom 
makes  its  appearance  gradually  or  suddenly  some  days  and  even  weeks  after  the 
accident. 

The  sudden  occurrence  of  shortening,  some  time  after  the  accident,  must  be 
ascribed  to  the  displacement  of  the  fragments  consequent  on  some  movements  of 
the  limb  which  have  torn  through  the  hitherto  uninjured  periosteum  of  the  neck, 

1  Brit.  Med.  Juurn.  Aug.  30,  1879,  p.  322,  and  Nov.  1,  1879;  also  letters  on  the  same 
subject  by  Prof.  Spence  and  Mr.  Davies-Oolley,  Brit.  Med.  Journ.  Oct.  i  and  Nov.  15,  1879  ; 
also  K,  Parker,  Brit.  Med.  Journ.  p.  689,  1879. 

2  Mud.-Chir.  Trans,  vol.  xiii.  p.  116.  3  Ibid.  vol.  xii'.  p.  511. 
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Fig.  102. — Interstitial  Absorption 
of  the  Cervix  Femoris.  (From 


the  Museum 
Hospital.) 


of  Westminster 


or  unlocked  the  serrations  of  the  fractured  surfaces,  or  converted  a  partial  into  a 
complete  fracture  ;  while  the  gradual  shortening  of  the  limb  is  owing  to  the  gradual 
absorption  of  the  neck  of  the  bone. 

Diagnosis. — The  accidents  which  are  most  likely  to  be  confounded  with  fractures 
of  the  neck  of  the  femur  are  (1)  certain  fractures  of  the  pelvis;  (2)  dislocations  of 
the  head  of  the  femur  on  to  the  pubes,  or  dorsal  dislocation  with  eversion  ;  and  (3) 
severe  contusions  of  the  hip. 

(1)  The  particular  lesions  of  the  pelvis  which  most  nearly  resemble  fractures  of 
the  cervix  femoris  are  fractures  of  the  acetabulum.  As  a  rare  accident,  the  bottom  of 
this  cavity  may  be  driven  into  the  pelvis,  together  with  the  head  of  the  femur ;  or  a 
portion  of  the  rim  of  the  acetabulum  may  be  broken  off,  so  as  to  allow  of  the  escape 
of  the  head  of  the  femur  on  to  the  ilium  ;  or,  lastly,  the  rim  may  be  broken  and  the 
fragment  not  displaced.  The  diagnosis  of  these  several  injuries  is  by  no  means  easy, 
though  not  impossible  ;  and  to  this  we  may  sometimes  be  guided  by  the  history  of 
the  accident,  the  age  of  the  patient,  and  the  mixed  character  of  the  symptoms. 
Practically,  perhaps,  a  mistake  of  diagnosis  is  of  no  great  moment,  as  the  treatment 
is  nearly  the  same  for  all  of  these  accidents,  and  it  may  be  observed  that  the  real 
nature  of  some  of  them  was  only  discovered  after  death. 

(2)  The  symptoms  by  which  a  dislocation  of  the  head  of  the  femur  may  be 
distinguished  from  the  fracture  of  its  neck  will  be  pointed  out  when  treating  of  that 
dislocation. 

(3)  A  severe  contusion  of  the  hip  more  nearly  resembles  a  fracture  than  would 
at  6rst  sight  be  imagined ;  thus,  there  may  be  pain,  swelling,  ecchymosis,  eversion 

of  the  -  limb,  with  loss  of  power,  and  if  chronic 
rheumatic  arthritis  pre-existed,  there  may  be  also 
an  altered  position  of  the  great  trochanter'.  A 
severely  contused  hip  in  a  person  whose  limb  has 
become  shortened  by  rheumatic  changes  may  for  a 
while  be  mistaken  for  fracture.  Such  a  case  has 
been  referred  to  in  the  early  part  of  this  article  (see 
Contusion),  and  R.  Smith  1  has  reported  a  very 
similar  one.  Though  in  simple  contusions  crepi- 
tus and  shortening  are  wanting,  we  have  seen  that 
these  symptoms  are  sometimes  wanting  also  in  frac- 
ture. It  must  not  be  forgotten,  however,  that  the 
morbid  changes  in  the  neck  of  the  thigh-bone 
which  lead  ultimately  to  shortening  and  lameness 
are  sometimes  set  up  by  a  blow  or  fall  on  the  hip  ; 
and  on  this  account  it  may  become  a  question  at 
a  future  time  whether  the  bone  was  not  really 
broken  by  the  accident  and  the  nature  of  the  injury 
overlooked  or  mistaken  at  the  time  (fig.  162).  In 
the  same  way  the  paralysis,  eversion,  and  shortening 
from  retarded  growth,  which  in  children  are  some- 
times the  consequence  of  a  fall,  may  give  rise  to  the  same  suspicion  ;  the  absence  of 
all  the  usual  symptoms  of  fracture  immediately  after  the  fall  is,  however,  sufficient 
to  clear  up  any  doubt. 

Indeed  with  care  a  mistake  in  diagnosis  is  not  very  likely  to  occur,  for  there  is 
no  other  injury  which  has  all  or  most  of  the  signs  of  fracture  of  the  neck  of  the 
femur  supervening  immediately  upon  a  blow  or  fall  on  the  trochanter. 

Prognosis. — Whether  a  fracture  of  the  neck  of  the  femur  be  situated  within  or 
without  the  capsular  ligament,  the  prognosis  must  always  be  guarded.  Lameness, 
in  a  greater  or  less  degree,  is  to  be  expected,  but  the  danger  to  life,  unless  the  patient 
is  very  old  or  feeble  or  has  sustained  injury  in  addition  to  the  fracture,  is  not  great. 
The  chief  causes  cf  death  are  shock,  irritative  fever,  fatty  degeneration  of  viscera, 
bed- sores,  gradual  exhaustion,  and  hypostatic  pneumonia. 

1  Smith,  On  Fractures  and  Dislocations,  p.  113. 
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With  reference  to  the  proportion  of  deaths  to  recoveries,  the  tables  of  the  Hotel 
Dieu  show  a  mortality  of  nearly  one-third  ;  but  this  is  evidently  much  too  high  for 
a  general  average  of  the  death-rate  of  the  accident,  and  is  attributable,  according  to 
Malgaigne,  to  the  treatment  pursued  in  that  institution.  No  London  hospital  would, 
I  believe,  show  anything  like  such  a  death-rate.  At  Guy's  Hospital  in  three  years 
(1870-72)  three  ca§es  out  of  42  died  ;  at  the  Middlesex  Hospital  between  the  years 
1868  and  1878  there  were  five  deaths  out  of  59  cases.  Agnew  states  that  out  of 
176  fractures  at  the  Pennsylvania  Hospital  only  nine  deaths  occurred.  The  period 
at  which  death  ensues  is  from  two  weeks  to  two  months.  The  union  of  fractures  at 
the  base  of  the  neck  takes  place  quite  as  readily  as  that  of  fractures  of  the  shaft  of 
the  bone.  When  union  does  not  take  place,  and  also  in  some  instances  in  which  it 
does,  the  amount  of  irregular  and  porous  callus  which  is  thrown  out  is  often  enormous. 

B.  Fracture  of  the,  femur  through  the  trochanter  major,  and  base  of  the  neck  of  the 
femur. — This  is  the  fracture  described  by  Sir  A.  Cooper  as  'fracture  of  the  femur 
through  the  trochanter  major.'  There  is,  however,  some  confusion  in  the  great 
surgeon's  description,  and  he  seems  to  have  included  in  it  another  class  of  injury, 
viz.  fracture  of  the  trochanter  without  injury  to  the  shaft  or  neck  of  the  bone. 
'  Oblique  fractures  sometimes  happen  through  the  trochanter  major,'  whereby  the 
head,  neck,  and  part  of  the  trochanter  major  are  separated  from  the  shaft,  and  the 
rest  of  the  trochanter.  The  injury  may  occur  at  every  period  of  life,  and  its  symp- 
toms are  some  shortening,  great  eversion,  inability  to  sit  without  great  pain,  and 
displacement  of  that  portion  of  the  trochanter  still  in  connection  with  the  shaft, 
sometimes  upwards  towards  the  ilium,  .and  sometimes  backwards  towards  the 
ischiatic  notch,  so  as  to  resemble  dislocation  of  the  hip  backwards.  '  The  distin- 
guishing marks  of  this  accident,'  says  Sir  A.  Cooper,  '  are,  a.  fixed  state  of  the  upper 
part  of  the  trochanter,  whilst  its  lower  part  obeys  the  motion  of  the  thigh-bone ; 
eversion  of  the  foot,  and  the  very  perceptible  altered  position  of  the  trochanter 
major ;  crepitus  felt  if  a  rather  free  movement  be  made  of  the  lumper  part  of  the 
limb,  and  very  little  diminution  of  its  length.  But  when  the  fracture  happens  below 
the  insertion  of  the  principal  rotatory  muscles,  the  lower  portion  of  bone  is  much 
raised  by  the  action  of  the  glutseus  maximus,  and  the  limb  becomes  very  much 
shortened  and  deformed  at  the  place  of  union  by  exuberant  callus.  The  first  case  of 
the  kind  I  ever  saw,'  he  continues,  '  was  in  St.  Thomas's  Hospital,  about  the  year 
1786.  It  was  supposed  to  be  a  fracture  of  the  neck  of  the  thigh-bone  within  the 
capsule,  and  the  limb  was  extended  over  a  pillow  rolled  under  the  knee,  with  splints 
on  each  side  of  the  limb,  by  Mr.  Cline's  direction.  An  ossific  union  succeeded  with 
scarcely  any  deformity,  except  that  the  foot  was  somewhat  evei'ted ;  and  the  man 
walked  extremely  well.  When  he  was  to  be  discharged  from  the  hospital,  a  fever 
attacked  him,  of  which  he  died  ;  and  upon  dissection  the  fracture  was  found  through 
the  trochanter  major,  and  the  bone  was  united  with  very  little  deformity  ;  so  that 
his  limb  would  have  been  equally  useful  as  before.'  This  fracture  appears,  from  the 
engraving,  to  be  situated  just  along  the  anterior  intertrochanteric  line,  and  to 
intersect  the  trochanter  near  its  centre,  leaving  part  of  this  process  connected  with 
the  neck  of  the  bone,  and  the  other  part  with  the  shaft. 

Stanley  has  recorded  a  similar  case  which  occurred  in  a  woman  aged  60,  who 
fell  in  the  street  and  injured  her  right  hip,  and  which  gave  rise  to  much  difference 
of  opinion  as  to  the  nature  of  the  accident,  '  some  believing  it  to  be  dislocation,  and 
others  fracture.'  A  post-mortem  examination  revealed  that  there  had  been  '  a 
fracture  extending  obliquely  through  the  trochanter  major,  and  through  the  basis  of 
the  neck  into  the  shaft  of  the  femur,  and  that  the  prominence  which  had  been  mis- 
taken for  the  head  of  the  bone,  was  occasioned  by  the  posterior  and  larger  portion  of 
the  trochanter  drawn  backwards  towards  the  sciatic  notch.'  1  A  very  similar  case, 
also  mistaken  for  dislocation,  but  in  which  the  trochanter  major  was  broken  in  two 
places,  is  described  by  Stanley.  The  patient  was  a  man  set.  65  who  was  knocked 
down  in  the  street  (vide  Sir  A.  Cooper,  Case  102) ;  a  fracture  was  found  extending 

1  Stanley,  Med.-Chir.  Trans,  vol.  xiii. 
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through  the  trochanter  major,  and  through  the  basis  of  the  neck  of  the  femur.  The 
portion  which  had  been  drawn  backwards  into  the  situation  which  the  head  of  the 
bone  would  occupy  in  dislocation,  was  still  connected  by  periosteum  with  the  shaft 
of  the  femur.  The  accident  is  rare,  for  these  seem  to  be  the  only  three  reported 
cases. 

In  1875  Mr.  Hamilton  1  of  Dublin  showed  at  the  Pathological  Society  of  that  city 
*■  an  extracapsular  fracture  of  the  thigh-bone  ;  and  a  coincident  transverse  fracture 
which  completely  separated  the  trochanters  from  the  shaft  of  the  bone.  The  appear- 
ances during  life  simulated  those  of  intracapsular  fracture.' 

The  treatment  need  not  differ  from  that  which  is  proper  for  fractures  of  the  neck 
of  the  femur. 

C.  Separation  of  the  epiphysis  of  t,he  caput  femoris. — '  Fractures  of  the  neck  of  the 
femur,'  observes  Holmes,'2  '  are  hardly  known  in  childhood,  and  the  upper  epiphysis 
is  so  small,  and  lies  so  completely  within  the  hip-joint,  that  its  disjunction  is  un- 
known, except  perhaps  in  the  foetus.' 

Several  supposed  examples  of  this  accident  have  been  recorded,  but  I  agree  with 
Mr.  Holmes  in  thinking  that  they  are  not  conclusive  as  to  the  real  existence  of  this 
lesion. 

South  3  has  published  one  which  happened  to  a  boy  ten  years  of  age,  who  had 
fallen  out  of  a  first-floor  window  upon  his  left  hip.  The  limb  was  slightly  everted, 
but  scarcely  shortened. 

Post  4  relates  another,  the  case  of  a  girl  16  years  of  age  who  slipped  with  a 
child  in  her  arms,  and  felt  something  give  way  which  obliged  her  to  lean  against  a 
wall.  The  limb  was  found  to  be  an  inch  shorter,  the  toes  were  turned  out,  the 
trochanter  moved  with  the  shaft,  and  there  was  crepitus.  It  was  put  up  as  a  frac- 
ture, but  permanent  shortening  of  nearly  half  an  inch  was  the  result. 

D.  Fracture  of  the  epiphysis  of  the  trochanter  major. — It  has  been  supposed  that  the 
trochanter  major  may  be  fractured,  or  its  epiphysis  separated,  without  any  fracture  of 
the  neck  or  shaft  of  the  femur,  though,  as  Hamilton  5  remarks,  it  is  probable  that 
some  of  these  fractures  were  instances  of  impacted  intracapsular  fracture. 

Case  96  in  Sir  A.  Cooper's  work  seems,  however,  to  have  been  one  in  which  the 
trochanter  major  was  broken  off  from  the  rest  of  the  femur. 

The  only  well-authenticated  cases  of  separation  of  the  epiphysis  that  I  am  able 
to  refer  to  are  Agnew's,6  Mr.  Poland's  case  mentioned  by  Bryant,  Dr.  Roddick's 
case,7  and  Mr.  McCarthy's,8  and  also  that  communicated  to  Sir  A.  Cooper  by  Mr. 
Key. 

A  young  girl,  about  16  years  of  age,  in  crossing  the  street  tripped,  and  in  falling 
struck  lier  trochanter  violently  against  the  curbstone.  She  immediately  rose,  and,  without 
much  pain  or  difficulty,  walked  home ;  but  experiencing  an  increase  of  pain,  she  was  ad- 
mitted, five  days  afterwards,  into  Guy's  Hospital,  and  was  examined  by  Mr.  Key.  The 
richt  leg,  which  was  the  one  injured,  was  considerably  everted,  and  appeared  to  be  about 
half  an  inch  longer  than  the  sound  limb.  It  admitted  of  passive  motion  in  all  directions, 
but  abduction  gave  her  considerable  pain.  She  had  perfect  command  over  all  the  muscles 
except  the  internal  rotators.  No  crepitus,  or  displacement  of  bone,  could  be  detected  on  the 
closest  examination.  Nine  days  after  the  accident  she  died.  The  post-mortem  examination 
revealed  a  fracture  which  had  detached  the  trochanter  from  the  body  and  neck  of  the  bone, 
but  without  tearirg  through  the  tendons  attached  to  the  outer  side  of  the  process ;  this  so 
effectually  prevented  all  motion  of  the  fractured  portion,  that  the  injury  could  not  have  been 
detected  during  the  life  of  the  patient. 

Dr.  F.  W.  Warren  ('  Dublin  Medical  Journal,'  July  1876,  p.  09)  describes  a  case  found 
in  the  dissecting-room  of  Steevens'  Hospital,  of  a  fracture  extending  along  the  epiphysary 

1  Brit.  Med.  Journ.  JaD.  8,  1870,  p.  50. 

2  Holmes,  Diseases  of  Childhood,  2nd  ed.  p.  258. 

3  South,  note  to  Chelius's  Surgery,  vol.  i.  p.  505. 

4  Post,  New  York  journ.  Med.  vol.  iii.  p.  190. 

5  Hamilton,  Fractures  and  Dislocations,  5th  ed.  p.  385.  6  Ao,iew*s  Surgery. 

7  Lovd.  Med.  Fee  Jan.  15,  1876,  quoted  from  Canada  Med.  and  Surg.  Journ.  Nov.  15. 

8  1  'nth.  Soc.  Trans,  vol.  xxv.  p.  200. 
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line,  which  he  thinks  was  a  separation  of  the  epiphysis  and  not  a  fracture  of  the  matured 
trochanter.  He  states  that  there  are  three  examples  of  this  injury  in  the  Museum  of 
Trinity  College,  Dublin. 

Partial  fractures  of  the  neck  of  the  femur. — Much  discussion  has  arisen  as  to 
the  possibility  of  partial  fractures  of  the  neck  occurring ;  the  affirmative  being  main- 
tained by  Colles,  Adams  and  Hamilton,  while  Robert  Smith  is  '  satisfied  that  the 
doctrine  has  not  yet  been  proved  to  be  correct.'  The  integrity  of  the  thin  stratum 
of  b  me  which  invests  the  upper  surface  of  the  neck  in  these  alleged  partial  fractures 
has  been  attributed  by  Adams  to  its  having  yielded  (without  breaking)  to  the  force 
which  fractured  the  lower  surface,  while  Smith  is  of  opinion  that  the  fracture  is  not 
visible  because  '  it  traverses  the  bone  exactly  where  the  neck  springs  from  the  shaft 
of  the  femur.'  The  annexed  figures  (figs.  163  and  164)  illustrate  this  point. 
Without  committing  myself  to  a  positive  opinion  as  to  whether  some  of  the  alleged 
examples  of  partial  fracture  may  not  have  been  cases  of  complete  fracture  with  slight 
impaction,  I  entertain  no  doubt  whatever  of  the  possibility  and  occasional  occur- 
rence of  incomplete  fracture  of  the  neck  of  the  femur,  and  the  cases  published  by 

Figs.  163  and  104. — Two  views  of  an  Impacted  'Extracapsular'  Fracture  of  the  Cervix 
Femoris,  the  fracture  on  the  upper  surface  of  the  neck  not  being  visible.  (From 
the  Museum  of  the  Westminster  Hospital.) 

Fig.  1G3.  Fig.  1G4. 


Tournel 1  as  long  ago  as  1837,  as  well  as  the  more  recent  one  of  Dr.  Jackson,2  are 
incontestable  examples  of  this  lesion. 

Bigelow  has  described  the  case  of  a  patient  who  died  at  the  Massachusetts  General 
Hospital,  in  whom  a  spiral  fracture  of  the  shaft  of  the  femur  ascended  and  wound 
round  the  neck,  '  completely  detaching  it,  except  at  a  narrow  isthmus  in  front,  half 
an  inch  wide.'  In  this  case  the  unbroken  part  of  the  neck  was  the  lower  and 
hinder,  and  allowed  '  a  slight  springing  motion  of  the  head,  but  maintained  it  firmly 
in  place.'  A  specimen  of  Malgaigne's  3  in  the  Musee  Dupuytren  is  of  the  highest 
interest  •  there  is  an  incomplete  intracapsular  fracture  of  the  neck  of  the  femur,  the 
anterior  part  being  unbroken  ;  and  in  addition  there  is  an  equally  incomplete  fracture 
of  the  trochanter  major. 

Treatment  of  fracture  of  the  neck-  and  upper  part  of  the  femur. — The  fact  of  the 
possibility  of  bony  union  in  intracapsular  fractures  being  established,  all  cases  ought 
to  be  treated  with  the  view  of  obtaining  this  result,  and  the  treatment  applicable  to 
fractures  partially  without  the  capsule  is  equally  proper  for  those  entirely  within. 
The  indications  are — if  the  fracture  is  not  impacted — to  bring  the  fragments  into  as 

1  Archives  r/en.  de  Med.  3e  serie,  vol.  ii.  p.  77. 

2  Bost.  Med.  and  Surg.  Journ.  vol.  iv.  p.  351 . 

3  No.  188b,  M.  Houel's  Catalogue  ;  see  also  Wilkinson  King  in  Guy's  Hasp.  Hejrfs.  Oct. 
1844,  vol.  ii.  2nd  series,  p.  347  et  seq. 
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accurate  a  relation  to  each  other  as  possible,  and  to  keep  them  so  during  the  treat- 
ment, which  should  extend  over  a  period  of  two  or  three  months.  There  ai*e  two 
ways  of  doing  this,  one  by  the  straight  splint,  or  by  one  of  the  many  modes  of 
applying  weights  and  pulleys,  by  which  extension  as  well  as  fixation  may  be  caused  ; 
and  the  other  by  the  double  inclined  plane,  or  fracture  bedstead.  Mr.  Solly,  in  a 
clinical  lecture  published  in  the  '  Lancet '  of  August  18G7,  advocates  the  last-named 
plan ;  while  Professor  Hamilton  of  New  York  prefers  the  straight  position,  on  the 
ground  that  patients  can  endure  this  position  for  a  longer  time  with  less  suffering 
than  the  flexed.  Whichever  of  these  methods  may  be  adopted,  it  must  not  be  for- 
gotten that  many  old  people  bear  confinement  badly  :  retention  of  urine  is  not 
uncommon,  and  bed-sores  are  by  no  means  infrequent.  Under  these  circumstances 
it  will  be  necessary  to  allow  the  patient  to  rise  daily  and  get  about  on  crutches,  the 
limb  being  fixed  in  a  Thomas's  splint,  or  in  Dr.  Willard's  splint.1 

In  impacted  fractures  of  the  cervix,  forcible  extension  of  the  limb  with  the  view 
of  restoring  it  to  the  same  length  as  the  other  must  not  be  attempted,  or  the  frag- 
ments may  be  unlocked,  and  thus  placed  in  a  less  favourable  condition  for  union. 
The  long  straight  splint,  used  simply  as  a  retentive  and  not  as  an  extending  appar- 
atus, is  therefore  all  that  is  needed  in  this  variety  of  fracture ;  or  Thomas's  hi}) 
splint,  which  is  of  as  great  value  in  these  cases  as  in  many  cases  of  morbus  coxa?,  may 
be  used  with  much  benefit.  I  have  had  an  outside  bar,  extending  from  the  crest  of 
the  ilium  to  the  knee,  added  to  Thomas's  hip-splints,  and  have  found  it  of  great  use 
in  certain  fractures  of  the  femoral  neck  when  confinement  to  bed  was  detrimental. 

2.  Fractures  of  the  Shaft  of  the  Femur. 

These  occur  most  frequently  in  its  middle  third.  Of  70  cases  observed  by  Mr. 
Holthouse,  46  were  broken  in  this  situation,  16  in  the  lower  third,  and  8  in  the 
upper.  Of  539  fractures  of  the  shaft  of  the  femur  received  into  the  wards  of  the 
Pennsylvania  Hospital,  269  were  in  the  middle,  151  in  the  lower,  and  119  in  the 
upper  third.2  The  thigh  may  be  fractured  at  any  age,  and  even  during  the  act  of 
birth.  Dr.  Langmore  3  has  related  a  case  which  occurred  in  a  breech  presentation. 
Indirect  violence  occasioned  the  majority  of  these  fractures ;  but  of  those  due  to 
direct  causes  the  greatest  number,  both  absolutely  and  relatively,  occurred  in  the 
middle  third  of  the  bone. 

Causes. — It  has  been  questioned  whether  a  fracture  of  the  shaft  of  the  femur  can 
be  produced  by  muscular  action  in  the  absence  of  cancer,  syphilitic  node,  or  some 
other  distinct  morbid  change  in  the  bone ;  but  many  instances  are  on  record  in 
which  the  pioduction  of  the  fracture  cannot  be  explained  in  any  other  manner. 
Thus  Beauchere  has  given  an  account  of  a  man,  34  years  of  age,  who,  while 
sliding,  felt  himself  in  danger  of  falling  backwards,  and  made  a  violent  effort  to  keep 
up ;  he  did  not  fall,  but  he  heard  at  the  instant  a  crack  high  up  in  the  right  thigh, 
which  was  found  to  be  broken  below  the  trochanters.4 

Mr.  Clarence  Foster  5  has  reported  a  '  remarkable  case  of  fractured  femur  in  an 
adult,  resulting  from  undue  and  sudden  muscular  action  without  pre-existent  osseous 
disease ; '  and  M.  E.  Vallin  6  has  recorded  the  case  of  a  young  Arab  girl,  18  years  old 
and  of  robust  physique,  who  fractured  her  femur  a  little  below  its  middle  whilst  in 
the  act  of  getting  on  to  a  table  for  the  purpose  of  undergoing  a  vaginal  examination. 
This  girl  may  possibly  have  been  the  subject  of  inherited  or  constitutional  syphilis, 
though  M.  Vallin  states  there  was  no  external  evidence  of  such  a  taint.  Indeed, 
there  seems  to  be  an  idiopathic  osseous  fragility,  quite  apart  from  cancer,  scrofula, 
scurvy,  or  cachexia  of  any  other  sort,  which  predisposes  in  rare  instances  to  the 

1  See  Philadelphia  Med.  Times,  Nov.  1880.  'Willard's  splint  for  hip  injuries,  joint 
diseases,  and  fracture  of  femoral  neck.' 

2  Agnew's  Surgery,  vol.  i.  p.  946.  3  Brit.  Med.  Journ.  March  31,  1877. 

4  Beauchere,  Journ.  de  Med.  de  Lerou.r,  tome  xxx.  p.  33G. 

5  Lancet,  June  20, 1880,  and  Med.  Times  and  Gaz.  July  17,  1880. 

6  Gazette  hebdomadaire  de  Medecine  et  de  Chiruryie,  Sept.  10,  1880,  p.  596 ;  also  Med. 
Times  and  Gaz.  Nov.  6,  1880,  p.  535. 
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fracture  of  long  bones  from  muscular  or  other  slight  force.  M.  Broca  was  of  opinion 
that  there  is  a  special  form  of  osteitis,  '  l'osteite  raretiante,'  in  which  the  osseous 
elements  become  deficient,  and  in  which  there  is  a  great  development  of  the  vascular 
structures  of  the  bone,  which  predisposes  to  spontaneous,  or,  as  he  preferred  to  say, 
pathological  fractures  of  long  bones.  Broca  also  called  attention  to  the  fact  that 
persons  who  have  been  the  subject  of  white  swelling  of  the  joints  are  prone  to  these 
fractures,  generally  of  the  bone  below  the  tumour,  but  exceptionally  of  the  bone 
above. 1 

The  mode  of  production  of  fracture  of  the  femur  will  influence  to  a  certain  extent 
its  character  and  direction;  thus  it  may  be  multiple,  or  comminuted,  or  compound, 
if  caused  by  machinery  or  the  passage  of  a  heavy  weight  over  the  thigh  ;  transverse 
in  direction,  if  caused  by  a  sharp  blow,  and  more  or  less  oblique  by  a  fall  on  the  feet, 
or  under  a  heavy  load;  spiral  fracture,  though  rare,  occurs,  and  there  may  occasion- 
ally be  impaction  of  the  upper  fragment  in  the  lower,2  or  vice  versd.  The  direction 
and  degree  of  obliquity  vary  greatly  ;  in  the  upper  third  of  the  bone  the  prevailing 
direction,  if  there  can  be  said  to  be  a  prevailing  direction,  is  downwards  and  inwards, 
transverse  fractures  being  very  rare  in  the  upper  third.  In  the  middle  third  of  the 
bone,  it  is  downwards  and  forwards  and  slightly  outwards.  In  the  lower  third,  the 
fracture  is  more  prone  to  assume  a  transverse  direction,  though  oblique  fractures  are 
here,  as  in  the  middle  and  upper  parts  of  the  shaft,  more  common  ,  but  the  obliquity 
is  not  very  constant  in  direction — it  may  run  downwards,  outwards,  and  forwards, 
or  downwards  and  inwards,  or  downwards  and  forwards.  Perhaps  the  most 
common  is  downwards  and  forwards,  and  the  most  rare  downwards  and  backwards. 

Prof.  E.  H.  Bennett,  of  Dublin,  has  reported  several  cases  to  show  that  the 
commonest  form  of  comminuted  fracture  of  the  upper  third  of  the  femur  is  of  a 
definite  type — '  namely,  a  primary  fracture,  oblique  from  above,  and  in  front  down- 
wards and  outwards,  so  as  to  place  the  lowest  point  of  the  upper  fragment  on  the 
outside  of  the  bone  about  the  junction  of  its  upper  and  middle  thirds,  and  secondary 
splittings  of  the  upper  fragment,  which  include  a  fracture  of  the  neck  external  to  the 
capsule  ;  that  these  splittings  result  from  the  impaction  of  the  lower  fragment  into 
or  against  the  structure  of  the  upper,  and  that  the  pieces  of  the  upper  fragment  may 
undergo  more  or  less  complete  disseverance,  or  may  remain  firmly  connected ;  lastly, 
that  the  primary  injury  results  from  indirect  violence.'3 

Fissures,  or  incomplete  fractures,  occur  in  any  part  of  the  shaft  of  the  femur. 
The  spiral  fractures  occur  in  the  upper  as  well  as  the  lower  thirds,  but  are  extremely 
rare  in  the  middle  of  the  diaphysis.  The  Paris  Museum  contains  several  specimens 
of  1  fractures  spiroiides.'  described  by  M.  Geray  in  1852. 

In  whatever  part  of  the  shaft  the  fracture  may  be  situated,  and  whatever  may 
be  its  direction,  it  is  rare  that  displacement  of  the  fragments  does  not  occur.  The 
kind  of  displacement  will  vary  with  the  fracture,  and  depends  chiefly  on  the  obliquity, 
the  lower  fragment  being  drawn  more  frequently  upwards  behind,  and  generally  a 
little  to  the  inner  side,  of  the  upper ;  and  sometimes  acting  upon  the  latter,  so  as  to 
cause  it  to  project  forwards,  or  outwards,  or  inwards,  and  thus  produce  more  or  less 
angular  distortion.  This  is  best  seen  when  the  fracture  is  situated  in  the  upper 
third  of  the  bone,  and  the  distortion  so  occasioned  has  been  attributed  to  the  action 
of  the  psoas  and  iliacus  muscles  drawing  the  upper  fragment  forwards  ;  but  that  this 
is  not  the  sole  cause  may  be  easily  proved  by  an  examination  of  the  numerous  speci- 
mens of  this  fracture  in  our  London  and  the  Paris  museums.  From  these  it  will  be 
seen  that  the  displacement  of  the  upper  fragment  may  be  in  any  direction  ;  outwards, 
inwards,  forwards,  or  ba.ckwards,  which  could  not  be  the  case  were  its  position  solely 
dependent  on  the  action  of  its  own  muscles.  This  is  important  as  respects  the 
treatment  of  fracture  of  the  femur  in  its  upper  third,  and  the  more  so  because  Boyer 
and  our  great  authority,  Sir  Astley  Cooper,  have  omitted  all  mention  of  any  other 

1  Gaz.  des  Hop.  April  15,  1876,  p.  354. 

2  Bryant,  Practice  of  Surgery,  3rd  ed.  vol.  ii.  p.  419. 

3  Paper  read  in  the  Surgical  Section  at  the  meeting  of  the  British  Medical  Association  in 
Cork,  August  1879. 
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distortion  than  of  the  upper  fragment  forwards  and  upwards,  which  they  attribute  to 
the  action  of  the  psoas  and  iliacus  muscles,  assisted  by  the  pectineus ;  and  '  to  prevent 
this  horrid  distortion,  two  circumstances,'  Cooper  says, '  ought  to  be  strictly  observed  : 
the  one  is  to  elevate  the  knee  very  much  over  the  double  inclined  plane ;  and  the 
other  to  place  the  patient  in  a  sitting  position,  supporting  him  by  pillows  during  the 
process  of  union.'  1  Now  the  predominant  direction  of  the  displacement  of  the  upper 
fragment  is  not  directly  forwards,  but  outwards  and  forwards  ;  and  the  specimen  of 
this  fracture  which  Sir  Astley  has  had  figured  in  his  work  is  an  example  of  the  dis- 
placement of  this  fragment  directly  outwards,  a  position  which  has  evidently  been 
brought  about  by  the  action  of  the  lower  fragment  upon  it;  the  latter  is  at  the  same 
time  rotated  one-fourth  of  a  circle  outwards,  so  as  to  bring  its  anterior  surface  to 
correspond  with  the  external  surface  of  the  upper  fragment ;  and  hence  the  apparent 
projection  of  the  latter  forwards  and  upwards  (see  fig.  165). 

Fig.  165. — Sir  A.  Cooper's  Specimen  of  Fig.  166.— Rectangular  Union  of  Fracture 

Fracture  of  the  Upper  Third  of  the  of  the  Upper  Third  of  the  Femur. 

Femur.    (In  St.  Thomas's  Hospital  (From  the  Museum  of  Westminster 

Museum.)  Hospital.) 


A  very  fine  example  of  the  tilting  of  the  proximal  fragment  directly  upwards  is 
figured  above  (fig.  166).  The  specimen  was  removed  from  a  female  brought  to  the 
Westminster  Hospital  for  dissection,  and  is  described  by  Mr.  Heath  in  vol.  xi.  of  the 
'  Pathological  Society's  Transactions.'  Most  museums  contain  one  or  more  speci- 
mens in  which  union  has  taken  place  at  or  nearly  at  a  right  angle,  but  as  a  rule  the 
femur  preserves  after  union  a  direction  but  little  out  of  the  rectilinear.  A  rare 
form  of  displacement  is  a  rotation  of  the  lower  fragment  round  its  own  axis  so  as  to 
turn  the  foot  inwards,  and  to  make  the  outer  side  of  the  external  condyle  look 
forwards. 

Combined  with  the  displacements  in  the  axis  of  the  limb,  or  at  right  angles  with 
it,  are  those  by  rotation  :  in  a  large  number  of  our  museum  specimens,  one  or  both 
fragments  are  seen  to  have  undergone  some  rotation  on  their  axis ;  but,  in  the 
absence  of  any  history  with  the  greater  number  of  them,  it  is  impossible  to  say 
whether  such  rotation  was  of  the  upper  fragment,  or  of  the  lower,  or  of  both ;  or, 
how  much  of  it  might  be  due  to  direct  muscular  action,  and  how  much  to  mere 
p  hysical  causes. 

Symptoms  and  diagnosis. — The  usual  symptoms  of  a  fracture  of  the  shaft  of  the 


'  Oj).  cit.  p.  10]. 


FRACTURE  OF  SHAFT  OF  FEMUR. 


1013 


femur  arc,  shortening  and  deformity  of  the  thigh,  which  is  generally  unnaturally 
curved,  with  the  convexity  forwards  and  outwards;  eversion,  and  loss  of  power  of 
the  limb  ;  pain,  and  abnormal  mobility  at  the  seat  of  fracture ;  and  crepitus  on 
rotation.  The  nature  of  the  injury  is  so  very  apparent,  that  it  cannot  easily  be  mis- 
taken for  any  other ;  but  the  determination  of  the  direction  of  the  fracture,  whether 
transverse  or  oblique,  is  by  no  means  easy,  and  not  always  possible.  If  the  fracture 
be  in  a  young  child,  if  it  happened  from  direct  violence,  if  it  be  situated  near  the 
centre  of  the  shaft,  and  if  the  shortening  of  the  limb  be  inconsiderable,  the  fracture 
is  assumed  to  be  transverse  in  direction  ;  but  a  nearer  approach  to  accuracy  may  be 
arrived  at  by  attending  to  the  circumstances  under  which  crepitus  may  be  elicited  : 
if  this  phenomenon  can  be  evoked  in  a  shortened  limb,  without  previous  extension, 
it  is  presumptive  evidence  that  the  fracture  is  oblique ;  if,  on  the  contrary,  the  limb 
be  shortened,  and  rotation  produce  no  crepitus  till  it  has  been  restored  by  extension 
to  its  normal  length,  we  may  reasonably  presume  that  the  fracture  is  a  transverse 
one. 

Prognosis. — The  prognosis  of  a  fracture  of  the  shaft  of  the  femur  must  depend 
on  its  nature,  the  mode  of  its  production,  and  the  age  of  the  patient.  If  the  fracture 
be  compound,  or  complicated  with  the  wound  of  a  large  vessel,  or  extend  into  the 
knee-joint,  the  prognosis  must  be  guarded,  though  not  absolutely  unfavourable.  If  it 
occur  in  an  old  person, and  from  great  violence,  as  from  a  railway-carriage  passing  over 
the  limb,  or  if  it  be  compound  and  communicate  with  the  knee-joint,  the  case  is  one  of 
the  greatest  danger,  and  the  prognosis  will  be  most  unfavourable.  On  the  contrary, 
a  simple  fracture  of  the  shaft,  if  properly  managed,  and  uncomplicated  with  any 
other  injury  or  disease,  will  nearly  always  do  well ;  and  though  some  shortening  of 
the  limb  usually  results,  it  is  insufficient  to  impair  its  usefulness,  or  to  cause  more 
than  a  slight  lameness  ;  a  favourable  prognosis  may  therefore  be  given. 

Good  results  are  sometimes  obtained  with  careful  and  common  treatment  under 
circumstances  the  most  unfavourable  :  thus  Dr.  McCook  Weir,1  of  Nottingham, 
reports  a  case  of  fracture  from  a  fall  about  three  inches  below  the  small  trochanter, 
in  a  woman  in  the  last  stage  of  general  paralysis  and  who  was  wet  and  dirty  in  her 
habits  ;  yet  bony  union  was  complete  by  the  end  of  eight  weeks,  in  spite  of  the  inter- 
currence  of  considerable  bed-sores,  which,  however,  subsequently  healed  well. 

Much  contrariety  of  opinion  prevails  respecting  the  possibility  of  curing  a  frac- 
ture of  the  femur,  in  the  adult,  without  shortening ;  and  from  the  time  of  Hippo- 
crates to  the  present  day,  there  have  been  surgeons  who  assert  that  shortening  of 
the  limb  may  be  prevented,  and  others  who  as  positively  deny  this. 

To  determine  this  question,  and  without  bias  either  on  one  side  or  the  other,  Mr.  Holt- 
house  employed  some  of  his  leisure  hours  in  the  summer  of  1857  in  examining  all  the 
fractured  thighs  then  under  treatment  in  the  different  hospitals  of  this  metropolis,  till  he 
had  procured  nearly  the  same  number  of  cases  of  this  accident  from  each.     To  insure 
accuracy,  each  limb  was  measured  by  a  graduated  tape  from  the  anterior  superior  spinous 
process  of  the  ilium — 1st,  to  the  lower  border  of  the  patella  ;  2ndly,  to  the  extremity  of  the 
outer  malleolus  ;  and  3rdly,  to  that  of  the  iuner  ;  and  the  result  was  written  down  on  the 
spot.    The  total  number  of  patients  thus  examined  was  50,  of  whom  41  were  males,  and  9 
were  females.    Their  ages  varied  from  84  to  2  years  ;  30  being  adults,  and  20  children  under 
15  years  of  age.    Now  of  the  total  number,  only  15  escaped  deformity,  and  of  these  12 
were  children,  leaving,  therefore,  but  3  adults  out  of  30  in  whom  no  shortening  had  taken 
place,  and  showing  that  under  the  present  mode  of  treating  these  fractures  in  the  London 
hospitals,  shortening  of  the  limb  follows  in  90  per  cent,  of  the  adults  admitted,  and  in  40  per 
cent,  of  the  children.    Even  this  high  percentage  is  probably  underrated  as  regards  adults  ; 
for,  in  truth,  two  of  the  latter  in  whom  no  shortening  was  found  were  recent  admissions,  the 
accident  having  happened  but  two  days  previously  in  the  one  case,  and  four  days  in  the 
other,  rendering  it  therefore  doubtful  what  the  ultimate  issue  might  be  :  -even  the  single 
case  in  which  there  was  no  shortening  is  not  free  from  suspicion,  lor  although  the  accident  had 
occurred  live  weeks  before,  the  long  splint  was  still  on,  and  in  the  absence  of  examination 
without  it,  one  could  not  be  sure  that  the  limb  had  been  fractured.    Mr.  Holthouse's  indi- 
vidual experience  at  the  Westminster  Hospital  is  entirely  confirmatory  of  the  results  he 
observed  at  all  the  other  hospitals  ;  and  with  the  full  knowledge  of  thi9  tendency  to  shorten- 
ing in  fractures  of  the  femur,  and  with  every  attempt  to  prevent  it,  he  has  not  yet  succeeded 
in  a  single  case  in  the  adult,  nor  has  he  found,  in  upwards  of  100  specimens  of  this  fracture 


1  Brit.  Med.  Journ.  May  20,  1876,  p.  029. 


1011 


INJURIES  OF  THE  LOWER  EXTREMITY. 


which  he  has  examined  in  the  various  museums  of  the  metropolis,  more  than  one  in  which 
there  was  not  some  shortening.  With,  reference  to  the  amount  of  shortening  in  the  35  cases 
out  of  the  50  already  mentioned,  it  was — 

^  an  inch  in    4  1{  to  H  inches  in  4 

£  2  2  3 

^  10  9!  1 

4  )l        )>   iu  ^2  >>  »  x 

and  in  one  it  was  not  ascertained,  both  thighs  being  broken. 

These  results  of  Mr.  Holthouse's  own  observations  are  fully  confirmed  by  Malgaigne 
and  Hamilton  ;  the  former  of  whom  bears  thia  strong  testimony  on  the  subject :  '  There 
has  been  too  much  discrepancy  of  opinion  among  surgeons  in  regard  to  this  (shortening). 
Hippocrates  gives  the  idea  that  the  shortening  can  always  be  obviated;  Celsus  goes  to  the 
opposite  extreme,  declaring  that  a  thigh  once  broken  must  ever  remain  shorter  than  its 
fellow.  At  a  period  by  no  means  remote  from  our  own,  Desault  claimed  to  cure  all  frac- 
tures without  shortening,  and  his  journal  contains  several  such  cases.  In  imitation  of  him, 
many  surgeons  have  varied,  corrected,  and  improved  apparatuses  for  permanent  extension, 
and  have  announced  as  complete  successes  from  them.  1  must,  however,  state  positively  that 
1  have  never  obtained  anything  of  the  kind,  either  with  contrivances  of  my  own,  or  with 
those  of  others,  or  even  when  I  have  invited  the  inventors  of  such  apparatuses  to  apply  them 
in  my  wards.  I  have  more  than  once  examined  persons  said  to  be  cured  without  any 
shortening,  but  always  discovered  such  shortening  by  careful  measurement.  The  mistake  of 
all  those  who  have  thought  they  had  obtained  these  miraculous  cures  was,  that  they  never 
dreamed  of  comparing  the  two  limbs  in  regard  to  their  length  ;  I  will  say,  moreover,  that 
they  were  most  commonly  ignorant  of  the  proper  way  to  obtain  a  good  and  correct  measure- 
ment Some  have  been  deceived  in  another  way  ;  they  have  lighted  upon  fractures  with 
interlocking,  especially  in  young  subjects,  and  have  imagined  that  they  had  corrected  by 
treatment  a  shortening  which  never  existed.  In  short,  when  the  fragments  remain  in  con- 
tact, or  when  we  can  replace  them  and  keep  them  so  by  means  of  their  serrations,  it  is  easy 
to  cure  a  fracture  of  the  femur  without  shortening  ;  in  the  absence  of  these  two  conditions 
the  thing  is  simply  impossible.' 1 

Hamilton  also  states,  that  'in  case  of  an  oblique  fracture  of  the  shaft  of  the  femur 
occurring  to  an  adult,  whose  muscles  are  not  paralysed,  but  which  offer  the  ordinary  resist- 
ance to  extension  and  counter-extension,  and  where  the  ends  of  the  bone  have  once  been 
completely  displaced,  no  means  have  yet  been  devised  by  which  an  overlapping  and  conse- 
quent shortening  of  the  end  of  the  broken  bone  can  be  prevented.'  He  also  affirms  that  '  the 
average  shortening  in  simple  fractures,  where  the  best  appliances  and  the  utmost  skill  have 
be  m  employed,  is  about  three-fourths  of  an  inch.'2  Gross  and  Agnew  3  are  of  much  the  same 
opinion.  M.  Houel,  speaking  of  the  large  collection  of  specimens  of  united  fractured  femora 
in  the  Musee  Dupuytren,  says:  'I  have  met  with  a  certain  number  of  surgeons  who  think 
that  these  specimens  have  been  collected  and  classified  in  the  Museum  on  account  of  the  de- 
formity which  they  present,  but  this  is  an  error.  Displacement,  and  even  considerable  dis- 
placement, is  almost  the  rule  in  these  fractures.' 

The  causes  of  the  different  results  in  the  adult  and  in  the  child  probably  depend 
on  the  different  chemical  composition  of  the  bones  at  these  two  periods  of  life,  and 
the  modifying  influence  which  this  exerts  on  the  form  and  completeness  of  the  fracture. 
In  the  child,  too,  the  periosteum  is  thicker,  and  in  many  cases  only  partially  torn 
through — or  not  torn  through  at  all — so  that  complete  displacement  of  the  fragments 
does  not  take  place. 

Pathology. — It  is  rare  that  the  fractured  ends  of  the  femur  take  any  part  directly 
in  the  consolidation  of  the  fragments  ;  occasionally  the  rough  irregular  edges  of  the 
broken  surfaces  are  to  be  seen  even  in  old  united  fractures  just  as  they  were  at  the 
time  of  the  fracture.  The  medullary  canal  is  not  ever  re-established ;  nor  need 
there  be  immediate  contact  of  the  broken  ends  for  consolidation  to  take  place.  Often 
the  consolidation  is  not  at  all  considerable,  and  union  occurs  through  the  fragments 
touching  one  another  only  by  a  small  area  of  their  circiunfei-ence.  In  fractures  of 
the  middle  of  the  shaft  of  the  femur  the  uniting  callus  is  of  the  kind  which  Cruveil- 
hier  has  described  under  the  names  of  lateral  and  bilateral,  i.e.  lateral  when  the 
callus  is  between  the  opposed  sides  of  the  fragments,  bilateral  when  it  extends  across 
from  the  lateral  face  of  one  fragment  to  that  of  the  other  on  both  aspects,  the  broken 
ends  being  free.    The  ensheatbing  callus  is  very  rare  in  the  middle  of  the  femur. 

It  may  be  here  remarked  that  sudden  death  may  occur  within  a  short  time  after 
a  fracture,  whether  simple,  comminuted,  or  compound,  from  fatty  embolism  of  the 

1  Malgaigne,  op.  cit.  723.  2  Hamilton,  op,  cit.  3rd  ed.  p.  405. 

3  Agnew's  Swryery,  vol.  i.  p.  949. 
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lungs,  and  also  of  the  heart,  kidney,  and  liver.  Zenker  in  1862  found  the  capillaries 
of  the  lung  loaded  with  fat,  but  failed  to  connect  this  condition  with  the  fracture. 
Wagner  and  Busch  in  1865  first  gave  an  exact  account  of  the  subject.  Czerny  1 
has  since  reported  a  case  supervening  on  a  single  oblique  fracture  of  the  upper  third 
of  the  femur.  A.  Halm  2  of  Munich  has  made  a  number  of  experiments  on  the 
subject.  For  a  long  time  the  observation  of  cases  of  fatty  embolism  was  limited  to 
the  Germans,  but  more  recently  such  cases  have  been  observed  in  this  country  by 
Fagge,3  F.  Southam  of  Manchester,  and  others.  Not  only  fractures  of  the  femur 
and  of  the  tibia  and  fibula,  but  fractures  of  the  ribs,  parietal  4  bone  and  lacera- 
tions of  the  liver5  have  been  followed  by  rapid  death  from  this  cause.  It  is  proba- 
ble that  the  rapidly  fatal  ending  of  many  injuries,  often  attributed  to  shock,  have 
been  really  due  to  '  fatty  embolism.'  The  clinical  symptoms,  which  may  appear 
either  at  once,  or  some  time  after  the  injury,  are  collapse,  pallor,  oedema  of  the  face 
and  lungs,  loss  of  breath,  quickening  of  the  pulse,  diminished  sensibility  and  cold- 
ness of  the  extremities.  In  a  case  of  compound  fracture  into  the  ankle-joint  in  a 
man  under  my  own  care  whose  bones  were  very  fatty,  violent  delirium  followed  by 
coma,  then  consciousness  and  death  from  syncope  in  thirty-six  hours  after  the  accident, 
were  the  symptoms.  In  cases  which  recover  the  elimination  of  the  fat  takes  place 
partly  by  the  kidneys  and  partly  by  exudation  through  the  capillaries  into  the  sur- 
rounding tissues.  Injury  to  the  marrow  of  bones  is  the  most  favourable  condition 
for  absorption  of  fat  into  the  blood-vessels.  Hahn  states  that  the  extent  of  the  em- 
bolism is  in  direct  proportion  to  the  lesion  of  the  marrow.6 

Treatment. — In  the  treatment  of  fractures  of  the  shaft  in  the  adult,  three  indica- 
tions should  be  fulfilled — 1,  coaptation  and  fixation  of  the  fragments;  2,  moderate 
extension ;  and  3,  gentle  compression  and  support  of  the  limb.  Provided  these  re- 
quirements are  carried  out,  it  matters  little  what  apparatus  may  be  employed  :  but 
that  which  can  be  applied  with  the  least  disturbance  of  the  fractured  bone,  and  is 
most  comfortable  to  the  feelings  of  the  patient,  should  be  preferred.  The  time  has 
gone  by  when  the  relative  advantages  of  the  straight  and  of  the  flexed  position  are 
worth  discussing,  the  great  majority  of  surgeons  in  all  parts  of  the  world  being 
agreed  on  the  superiority  of  the  former.  Fractures  even  which  were  thought  pre- 
eminently to  require  a  flexed  position  of  the  limb,  as  those  in  the  upper  third  of  the 
thigh,  are  now  usually  treated  in  the  straight  position.  There  are  three  piincipal 
ways  of  maintaining  the  straight  position  :  viz.  by  the  long  splint  and  perineal 
band ;  by  continued  extension  by  means  of  weights  and  pulleys  and  the  perineal 
band  j  and  by  some  fixed  apparatus.  The  first  is  effected  by  means  of  a  long  splint 
on  the  outside  of  the  limb,  extending  from  the  axilla  to  the  foot,  or  to  a  few  inches 
beyond  the  foot,  as  in  the  splint  which  goes  by  the  name  of  Liston.  This  provides 
not  only  for  the  immobility  of  the  whole  limb  and  trunk,  but  acts  also  as  an  ex- 
tending apparatus.    The  following  is  the  ordinary  mode  of  applying  it : —  ■ 

The  splint,  well  padded  on  its  inner  side  and  reaching  from  a  point  opposite  the 
nipple  to  four  or  five  inches  beyond  the  foot,  must  be  laid  on  the  outside  of  the 
fractured  limb,  and  firmly  secured  to  the  latter  by  several  turns  of  a  roller  applied 
around  the  foot  and  ankle  and  splint,  and  through  the  notches  at  its  lower  extremity  ; 
the  limb  should  then  be  bandaged  upwards  to  above  the  knee.  At  this  stage  of  the 
proceeding  traction  should  be  steadily  made  on  the  limb  by  assistants,  till  its  length 
equals,  or  even  slightly  exceeds,  its  fellow,  as  ascertained  by  measuring  with  a  tape 
from  the  anterior  superior  spinous  process  of  the  ilium  to  the  lower  border  of  the 
patella.  When  this  has  been  effected,  the  perineal  bandage  must  be  applied,  its 
padded  centre  resting  on  the  peiinamm,  and  its  two  ends  passed  through  the  holes  in 
the  upper  part  of  the  splint  and  tied  on  its  outside.    By  this  means  the  splint  ispre- 

1  Czerny,  '  Clinical  Importance  of  Fatty  Embolism,'  Lund.  Med.  Sec.  Dec.  15,  1875. 

2  Wiener  Medicinische  Wochenschrift,  No.  37  for  1877;  and  Brit.  Med.  Journ.  1877. 

3  Fagge,  case  of  compound  fracture  of  lower  end  of  femur  under  Mr.  Bryant's  care  at  Guy's 
Hospital,  Lancet,  1881,  vol.  i.  p.  618. 

1  Lancet,  1879,  vol.  i.  p.  429. 

s  Hamilton,  of  Edinburgh,  Brit.  Med.  Journ.  vol.  ii.  p.  474,  1877. 

6  The  subject  of  fat-embolism  is  also  discussed  in  the  essay  on  Fkaciures,  p.  426, 
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vented  from  ascending,  and  by  tightening  the  perineal  bandage,  it  can  even  be  forced 
downwards,  and  powerful  traction  thus  exerted  on  the  limb.  Lastly,  the  upper  part 
of  the  splint  is  bound  to  the  trunk  by  a  few  turns  of  a  broad  rib-bandage.  Instead  of 
the  Liston  splint,  a  modification  of  it  known  as  Desault's  may  be  employed  with  equal 
advantage.  This  consists  of  a  footpiece  which  supports  the  outer  border  of  the  foot, 
instead  of  the  notched  extremity  prolonged  beyond  the  foot.  With  either,  a  small 
cross-bar  fixed  at  the  lower  end,  and  which  rests  flat  upon  the  bed,  is  useful  to  steady 
the  limb  and  prevent  it  from  rolling  outwards.  AVith  either,  especially  with  the 
Liston,  care  must  be  taken  so  to  apply  the  bandage  round  the  foot  and  ankle  that 
no  injury  is  caused  to  the  skin  over  the  malleoli,  or  the  tendo  Achillis. 

This  method  of  treating  fractures  of  the  thigh  is  still  very  generally  adopted  in 
the  London  Hospitals,  although  De  Morgan's,  Bryant's  double  splint,  Hodgen's,  and 
Cripps's,  as  well  as  continued  extension  by  weights  and  pulleys,  have  each  then- 
advocates  amongst  us.  Mr.  Syme  1  substituted  for  the  roller  a  sheet  or  table  cloth 
to  maintain  the  splint  in  position,  without  making  unequal  pressure  on  any  pari  of 
the  limb;  and  as  this  does  not  require,  during  its  application  or  readjustment,  the 
holding  up  of  the  limb  which  is  necessitated  by  the  ordinary  bandage,  it  is  considered 
that  there  is  less  liability  to  disturbance  of  the  fractured  ends  of  the  bone.  The 
perineal  bandage,  if  tight  enough  to  keep  up  effectual  traction  on  the  limb,  is  apt  to 
chafe  or  cause  ulceration  of  the  skin  or  oedema  of  the  limb  by  its  pressure,  or  to  give 
rise  to  weariness  and  aching.  To  obviate  this,  Hagedorn's  splints,  as  modified  by 
Gibson,  may  be  used,  the  principle  of  which  consists  in  having  a  crutch  affixed  to 
the  upper  end  of  the  splint,  whereby  the  counter-extension  is  made  from  the  axilla 
instead  of  the  perinaeura.  Tn  this  apparatus  a  similar  splint  is  applied  to  the  sound 
limb,  and  the  lower  ends  of  each  pass  through  a  foot-board  to  which  the  feet  are 
attached. 

Bryant's  double  splint  is  intended  to  keep  the  limbs  quite  parallel  and  to  obviate  the 
necessity  of  a  perineal  band.  It  has  been  built  up  upon  Mr.  De  Morgan's  splint.  It 
consists  of  two  long  splints  interrupted  from  below  the  trochanter  to  above  the  crest 
of  the  ilium  to  avoid  pressure  on  the  hip ;  one  is  applied  to  the  outer  side  of  each 
limb.  These  are  connected  below  the  feet  as  well  as  over  the  chest  by  sliding  rods 
which  can  be  fixed  at  the  appropriate  width.  Extension  is  kept  up  by  an  accumu- 
lator baud,  sufficient  counter-extension  being  obtained  by  the  weight  of  the  patient's 
body  if  the  foot  of  the  bed  be  raised  three  or  four  inches.  An  illustration  of  this 
splint  and  a  full  account  of  the  principles  on  which  it  is  based  are  given  in  the 
'  Lancet'  of  Jan.  31,  1880. 

.De  Morgan's  long  splint  and  pulleys  are  applied  to  the  opposite  limb,  and  counter- 
extension  is  obtained  from  the  pelvis  on  the  uninjured  side.  This  consists  of  a  long 
straight  splint,  with  a  piece  of  wood  about  a  foot  in  length  let  in  at  right  angles  to  it 
at  its  lower  end.  The  long  arm  of  the  splint  is  well  padded  on  its  inner  side,  and 
must  reach  six  or  eight  inches  below  the  foot.  An  inch  or  two  from  the  tipper  end 
of  the  splint  is  a  small  pulley,  fixed  in  an  aperture  made  for  the  purpose ;  a  similar 
one  is  placed  at  the  lower  end.  That  part  of  the  splint  which  is  let  in  at  right 
angles  is  provided  with  a  slit  extending  nearly  its  whole  length,  admitting  another 
pulley  of  similar  size,  which  can  be  shifted  to  various  parts  by  means  of  an  iron  pin 
passing  through  holes  bored  in  the  sides  of  the  cross-piece.  A  strong  piece  of  strap- 
ping is  now  applied  to  the  sides  of  the  leg  and  thigh,  leaving  a  loop  at  the  sole  of  the 
foot,  as  in  the  ordinary  way,  care  being  taken  that  the  loop  shall  be  large  enough  to 
admit  a  tightly-rolled  leg-bandage  ;  this  being  placed  transversely  at  about  the  middle 
of  the  sole  of  the  foot,  so  that  it  is  enabled  to  receive  all  lateral  pressure  when 
extension  is  applied.  Without  this,  the  strapping  would  cut  the  hollow  and  outer 
side  of  the  foot,  and  give  rise  to  considerable  pain  and  inconvenience.  The  strapping 
should  not  come  above  the  seat  of  injury.  The  foot  shonld  now  be  bandaged,  so  as 
to  retain  the  strapping  firmly.  A  piece  of  strong  cord  is  then  fastened  to  the  loop 
of  plaster,  so  as  to  include  it  and  the  roller.  The  cord,  thus  fastened,  is  next 
passed  over  the  pulley  in  the  slit  in  the  cross-piece,  then  over  the  pulley  at  the 

1  Syme,  Lancet,  1855,  vol.  i.  p.  174. 
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lower  end  of  the  splint,  and  is  carried  to  about  the  middle  of  the  outside  of  the  long 
side  piece.  Here  it  is  attached  to  one  end  of  a  patent  elastic  door- spring,  or  accumu- 
lator. To  the  upper  end  of  the  accumulator  is  attached,  by  means  of  a  cord,  a  wooden 
'  runner,'  1  about  four  inches  long,  one  inch  broad,  and  half  an  inch  thick,  perforated 
by  three  holes  equidistant,  and  just  large  enough  to  admit  the  cord  used.  By  one 
of  these  holes  it  is  secured  to  the  elastic.  A  well-padded  perineal  band  is  now 
applied,  to  the  upper  part  of  which  a  separate  piece  of  cord  is  fastened.    This  cord 


I 


is  brought  over  the  pulley  at  the  upper  end  of  the  splint,  and  then  made  to  perforate 
successively  the  two  remaining  holes  in  the  '  runner.'  By  slipping  the  '  runner '  upon 
the  cord  fastened  to  the  perineal  band,  the  accumulator  will  be  put  on  the  stretch, 
and,  in  this  way,  extension  on  the  fractured  limb  may  be  regulated  to  a  nicety. 

In  many  cases  it  is  advisable  to  apply  short  splints  to  the  thigh  ;  and  more 
especially  so  when  the  fracture  is  in  the  upper  third  of  the  bone. 

By  the  second  plan  of  treatment  in  the  extended  position,  extension  is  kept  up 

1  Similar  to  what  is  used  for  tightening  the  ropes  of  tents.  It  is  used  here  on  the  same 
principle,  and  was  suggested  by  Mr.  L)e  Morgan, 
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by  means  of  weights  passing  over  a  pulley  at  the  foot  of  the  bed,  the  long  splint  is 
dispensed  with,  and  the  thigh  only  is  surrounded  with  four  short  splints,  while 
counter-extension  is  provided  for  by  means  of  a  perineal  band,  having  its  two  ends 
made  fast  to  the  head  of  the  bedstead.  '  The  advantages  claimed  for  this  method 
over  others  heretofore  in  use,  are  its  great  simplicity  of  arrangement,  facility  of 
management,  and  especially  the  comfort  it  affords  the  patient  during  a  long  confine- 
ment in  bed.'  1  Dr.  Gurdon  Buck  believes  that  better  results  may  be  obtained 
by  it.  The  mode  of  applying  the  apparatus  is  shown  in  fig.  167.  Many  modifica- 
tions of  this  plan  are  in  use.  It  is  only  fair  to  the  late  Mr.  James  of  Exeter,  to 
state  that  he  made  use  of  the  weight  and  pulley  many  years  before  it  was  employed 
in  America. 

The  third  mode  of  treating  fractures  of  the  thigh  in  the  extended  position  is  by 
one  of  the  various  forms  of  the  so-called  immovable  apparatus,  such  as  plaster  of 
Paris,  gum  and  chalk,  starched  pasteboard,  &c.  It  is  recommended  by  Mr.  Erichsen  2 
and  Mr.  Gamgee,3  and  very  excellent  results  seem  to  have  been  obtained  by  it.  The 
objections  to  it  as  a  means  of  treating  recent  fractures  of  the  thigh  in  adults  are  the 
difficulty  in  keeping  up  sufficient  extension  during  the  application  and  setting  of  the 


apparatus ;  and  the  impossibility  of  seeing  and  examining  the  fractured  part  during 
the  first  week  or  two  of  trtatment,  and  therefore  the  impossibility  of  correcting  any 
deformity  which  may  still  remain.  Further,  the  diminution  in  the  size  of  the  soft 
parts  after  a  short  time  of  fixation  loosens  a  bandage  which,  when  first  applied,  was 
quite  firm. 

While  advocating  the  straight  position  for  fractures  of  the  thigh  generally,  I 
would  by  no  means  be  understood  to  deny  the  occasional  propriety  of  adopting  the 
flexed,  and  for  this  purpose  there  are  many  fracture-beds  in  use  besides  the  simple 
double  inclined  plane.  The  bedstead  is  not  intended  to  supersede  the  employment  of 
lateral  splints,  which  should  extend  from  the  trochanter-  to  the  knee  on  the  outer  side, 
and  from  the  perinseum  to  the  corresponding  point  on  the  inner,  and  be  firmly  secured 
by  straps  and  buckles.    Tf  in  certain  cases  of  fracture  of  the  cervix  or  the  upper 

1  Description  of  an  Improved  Extension  Apparatus  for  the  Treatment  of  Fracture  of  the 
Thigh,  &c,  introduced  by  Gurdon  Buck,  M.D.,  Surgeon  to  the  New  York  Hospital,  St. 
Luke's  Hospital,  &c. 

•  Erichsen,  Science  and  Art  of  Surgery,  5th  ed.  vol.  i.  p.  L'42. 

3  Gamgee,  Fractures  of  the  Limbs. 
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third  of  the  thigh  it  is  found  to  be  advantageous  to  flex  the  trunk,  Busk's  long 
thigh-splint,  which  has  a  joint  opposite  the  hip,  will  answer  the  purpose,  and  the 
limb  below  the  fracture  will  be  steadied  at  the  same  time  ;  or  Dr.  Willard's  splint 
may  be  used,  which  consists  of  a  well-moulded  leather  casing  for  the  pelvis  and  trunk 
as  high  as  the  scapula  and  another  for  the  thigh  as  low  as  three  inches  above  the 
knee;  these  are  united  by  a  strong  joint,  such  as  is  used  for  artificial  limbs,  attached 
to  two  spreading  steel  arms.1 

It  would  be  impossible  within  the  limits  of  this  article  to  describe  all  the  many 
varieties  of  splints  which  have  been  used  for  fractures  of  the  shaft  of  the  femur, 
for  descriptions  and  illustrations  of  which  the  reader  is  referred  to  Hamilton's 
admirable  Treatise  on  Fractures  and  Dislocations.  There  are,  however,  two 
other  splints  which  demand  a  brief  notice  here,  as  the  principle  on  which  they 
are  based  differs  from  the  others,  viz.  Dr.  Nathan  Smith's  '  anterior  splint '  and 
Hodgen's  '  suspension  apparatus.'  Dr.  Nathan  Smith's  splint  is  a  modification 
of  the  principle  of  the  double  inclined  plane,  and  is  at  the  same  time  a  suspending 
apparatus.  It  has  been  used  a  good  deal  in  America  for  gunshot  fractures  of 
the  thigh  and  leg,  and  is  even  more  adapted  to  fractures  of  the  leg  than  of  the 
thigh.  The  splint  'is  simply  a  frame  composed  of  stout  wire  and  covered  with 
cloth,  which,  being  suspended  above  the  limb,  allows  the  limb  to  be  suspended 
in  turn  to  it  by  rollers,  the  rollers  passing  around  both  limb  and  splint  from  the  foot 
to  the  groin.  Wire  of  the  size  of  No.  10  bougie  is  usually  employed.  The  length 
of  the  splint  should  be  sufficient  to  extend  from  above  the  anterior  superior  spinous 
process  of  the  ilium  to  a  point  beyond  the  toes,  the  lateral  bars  being  separated  about 
three  inches  at  the  top  and  one  quarter  of  an  inch  less  at  the  lower  extremity.  In 
the  case  of  a  broken  thigh,  the  upper  hook,  to  which  the  cord  for  suspension  is  to  be 
fastened,  ought  to  be  nearly  over  the  seat  of  fracture,  and  the  lower  hook  should  be 
placed  a  little  above  the  middle  of  the  leg.'  2 

Hodgen's  splint  is  to  be  preferred  to  Smith's  anterior  splint;  and  to  judge  from 
the  exhibition  of  hospital  appliances  during  the  recent  meeting  of  the  International 
Medical  Congress  in  London,  it  is  frequently  employed  in  two  or  three  of  the  London 
hospitals.  It  consists  of  bars  of  wire  traversing  a  cotton  sacking  upon  which 
the  limb  is  laid.  The  bars  extend,  one  on  each  side,  from  the  top  of  the  thigh  to  an 
inch  or  two  beyond  the  foot,  where  they  are  connected  by  a  cross  bar.  To  this  cross 
bar  the  foot  is  attached  by  bandage  or  strappings;  and  the  whole  is  suspended  by 
cords  and  pulleys  to  a  board  fixed  at  the  bottom  of  the  bed.  The  counter-extension 
consists  of  the  weight  of  the  body.  In  a  paper  '  On  the  Value  of  Extension  in  the 
Treatment  of  Fractures  of  the  Femur,' 3  Dr.  John  T.  Hodgen  contends  (1)  that  con- 
tinuous and  equable  extension  cannot  be  secured  by  lateral  supports,  by  the  method 
of  weights  and  pulleys,  by  the  long  splint  of  Liston  or  its  modifications,  nor  by 
plaster  of  Paris  dressings.  (2)  That  continuous  equable  extension  can  only  be 
secured  by  suspending  the  limb,  and  that  suspension  furnishes  the  best  means  for 
allowing  motion  to  other  parts  of  the  body,  while  maintaining  constantly  perfect 
apposition  of  the  fragments  of  the  fractured  thigh.  By  removing  the  points  of 
suspension  from  the  perpendicular,  i.e.  by  varying  the  obliquity  of  the  suspending 
cord,  Ave  can  obtain  the  amount  of  extending  force  required  to  balance  the  tonic 
contraction  of  the  muscles  of  the  limb,  by  whose  action  Dr.  Hodgen  says  the  frag- 
ments have  a  strong  and  constant  tendency  to  become  displaced  under  the  other 
methods  of  treatment. 

Whatever  plan  of  treatment  may  be  selected  for  fractures  of  the  shaft  of  the 
femur,  it  is  essential  to  bear  in  mind  that  the  amount  of  shortening  is,  to  a  great 
extent,  within  the  control  of  the  surgeon ;  and  though  he  may  fail  to  prevent  it 
altogether,  he  may  greatly  diminish  it  by  care  and  frequent  supervision.  As 
respects  the  duration  of  the  treatment  for  a  simple  fracture  of  the  thigh,  it  will 

1  Dr.  De  F.  Willard,  '  Hip  Injuries,  including  Hip-Joint  Disease  and  Fracture  of  the 
Femoral  Neck,  Splint  for,'  Philadelphia  Med.  Times,  Nov.  6,  1880,  p.  71. 

2  Hamilton,  Fractures  and  Dislocations. 

3  St.  Louis  Med.  and  Surg.  Jviu  n.  April,  1878. 
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average  from  two  to  three  months  in  an  adult,  and  from  six  weeks  to  two  months  in 
a  child.  It  is  by  no  means  necessary  that  patients  should  remain  in  bed  all  this  time  ; 
six  weeks  will  generally  be  long  enough  for  an  adult,  and  four  weeks  for  a  child  ; 
after  which  the  immovable  apparatus  should  be  applied,  and  they  may  be  allowed  to 
go  about  on  crutches;  but  they  will  seldom  be  able  to  dispense  with  all  support  to 
the  limb  under  the  period  mentioned  above. 

A  few  words  must  be  added  on  the  treatment  of  these  fractures  in  infants  and 
young  children.  For  them  it  is  seldom  necessary  to  do  more  than  encircle  the  thigh 
from  the  knee  to  the  hip  with  soap-plaster  spread  upon  leather,  care  being  taken 
that  it  is  not  applied  too  tightly,  and  that  the  skin  in  the  perinseum  and  its  neigh- 
bourhood is  kept  dry  and  clean  by  changing  the  napkins  the  moment  they  become 
soiled,  and  Washing  the  parts  from  time  to  time  with  a  solution  of  alum  :  a  little 
lapis  powder  dusted  on  the  parts,  or  zinc  ointment  rubbed  in,  is  an  excellent 
preservative  against  inflammation  and  excoriation.  Bryant  recommends  vertical 
suspension  of  both  thighs  flexed  at  right  angles  with  the  trunk  (the  fractured  limb 
being  encased  in  a  light  splint),  and  held  up  by  being  swung  upon  a  bar  or  hook 
above,  the  bed.  '  By  these  means  the  weight  of  the  body  acts  as  a  constant  counter- 
extending  force,  and  the  child  can  be  well  looked  to  for  purposes  of  cleanliness.'  1 

I  have  employed  with  good  results  in  very  young  children  who  were  intractable 
in  other  apparatus,  spica  bandages  of  starch  or  plaster  coated  over  with  yellow  wax. 
The  advantages  of  this  plan  are  that  the  child  can  be  lifted  from  place  to  place  if 
necessary,  and  the  bandages  do  not  become  soiled  and  saturated  by  the  urine  and 
faeces.  In  older  children,  splints  of  leather  or  gutta-percha  or  the  immovable  appa- 
ratus may  be  applied. 

In  compound  fractures,  unless  both  the  soft  parts  and  bone  are  crushed,  or  the 
principal  blood-vessels  or  nerves  of  the  limb  torn  through,  or  the  knee-joint 
opened,  amputation  should  not  be  performed  ;  but  a  long  splint  interrupted  opposite 
the  wound  should  be  applied  on  the  outer  side  of  the  limb,  and  the  wound  treated  on 
general  principles.  In  some  cases,  the  long  splint  may  be  dispensed  with,  and  even 
the  short  thigh  splints— extension  and  counter-extension  being  provided  for  by  the 
weight  and  pulley,  and  a  perineal  belt,  while  inversion  or  aversion  of  the  foot  is  pre- 
vented by  sand-bags  placed  on  each  side  of  the  leg.  Out  of  twenty-one  cases  of  com- 
pound and  comminuted  fractures  of  the  thigh,  taken  indiscriminately  and  treated  in 
the  above  manner  by  Surgeon  Von  Steinberg,  of  the  53rd  N.  Y.  S.  V.,  nineteen  re- 
covered with  tolerably  useful  limbs.'2 

Agnew  3  states  that,  of  1,181  oases  of  fractured  femur  (.shaft)  in  the  Pennsylvania 
Hospital,  143  were  compound. 

A  remarkable  case  of  compound  fracture  of  the  femur  in  a  woman,  ret.  53,  twenty 
years  after  excision  of  the  knee-joint  for  disease,  the  line  of  fracture  being  one  inch 
above  the  bony  union,  was  brought  before  the  Royal  Medico-Chirurgical  Society,  in 
May  1880,  by  Mr.  Gant.1    The  patient  died  from  shock. 

Longitudinal  fracture  and  fractures  by  torsion  or  helicoidal  fracture  of  the  shaft 
of  the  femur. — The  existence  of  longitudinal  fractures  of  the  shaft  of  long  bones 
has  been  denied,  but  that  they  may  occur  is  proved  by  the  existence  of  a  very  beau- 
tiful specimen  in  the  museum  at  the  School  of  Medicine  at  Lyons,  and  of  which  I 
am  able,  through  the  courtesy  of  M.  Molliere,  the  chirurgien-major  of  the  Hotel 
Dieu,  Lyons,  to  give  the  illustration,  No.  169.  The  specimen  has  been  described  by 
M.  Petrequin,5  who  obtained  it  in  1840  from  a  sexagenarian  who  six  months  befoi'e 
had.  broken  his  thigh.  There  is  a  longitudinal  fracture  parallel  to  the  axis  of  the 
femur,  curved  like  it  and  dividing  it  into  two  lateral  halves.  It  involved  all  the 
shaft  as  low  as  its  inferior  third,  and  was  eleven  inches  in  length.    Incomplete  bony 

1  Bryant,  Practice  (if  Surgery,  vol.  ii.  p.  422,  3rd  ed. 

2  S.  Swinburne,  Amer.  Med. 'Times,  1803,  vol.  i.  p.  149. 

3  Agnew's  Surgery,  vol.  i.  p.  940. 

4  Med.-Chir.  Trans,  vol.  lxiii.  p.  303;  also  Lancet,  May  8,  1880. 

5  Petrequin,  Anat.  ckir.  2nd  ed.  p.  075;  and  Lc  Journ.  VEsculape,  Paris,  Dec.  0,  1840. 
For  these  references,  as  well  as  for  the  photograph  from  which  the  illustration  was  made, 
I  am  indebted  to  M.  Molliere.    See  also  Path.  Trans,  vol.  xxxiii. 
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consolidation  has  taken  place  at  two  places.  The  long  splint  of  Liston,  with  short 
side  plints  to  keep  up  lateral  compression,  would  be  the  best  treatment  to  adopt  in 
such  a  case. 

There  are  certain  fractures  of  the  diaphysis  of  the  femur  produced  by  torsion, 
and  therefore  by  indirect  vio^nce,  which  are  more  frequent  than  has  been  generally 
believed.    These  fractures  have  been  differently  named  spiral  or  spiroid  (Gerdy)  ; 

V  shaped  or  '  fractures  cuneennes'  (Gosselin) ;  helicoidal  (Leriche) ;  and  screw-like  or 
<  fractures  en  pas  de  vis  '  (Koch).  To  M.  Gerdy  belongs  ^  m  _  Longitudiaal 
the  credit  of  having  first  described  1  the  form  and  direc-  Fracture  of  the  Femur, 
tion  of  spiral  fracture,  and  of  having  recognised  its  occur-         (From  a  specimen  in  the 

rence  in  the  femur;  whilst  M.  Tillaux  and  M.  Leriche        Lyons  Museum.) 

proved  that  these  fractures,  as  they  occur  in  the  tibia,  are 

the  l-esult  of  torsion.  M.  Ch.  Fere  2  has  recently  demon- 
strated in  the  most  satisfactory  and  conclusive  manner 

that  spiral  fractures  are  produced  in  the  femur  by  the 

same  mechanism.    He  found  when  experimentalising  on 

the  limbs  of  children  that,  if  the  limb  was  carried  forward 

in  front  of  the  other  knee,  and  the  foot  rotated  outwards, 

a  fracture  of  a  spiral  character  was  produced  at  the  junction 

of  the  inferior  and  middle  thirds  of  the  femur;  but  that 

if  the  foot  and  limb  were  carried  outwards,  and  then  a 

movement  of  rotation  inwards  was  made,  a  spiral  fracture 

occurred  at  the  same  level  of  the  femur,  but  the  direction 

of  the  spiral  was  reversed.    These  experiments  showed  that 

in  children  from  four  to  seven  years  of  age  this  kind  of 

fracture,  rather  than  separation  of  the  epiphysis,  results 

from  torsion  of  the  limb,  whereas  separation  of  the  epi- 
physis is  caused  by  lateral  flexion.    Shortly  afterwards 

(June  25,  1880)  M  Ch.  Fere  showed  at  the  Anatomical 
Society  of  Paris  two  femurs  both  the  subject  of  helicoidal 
or  spiral  fracture  ;  one  the  result  of  an  accident  which 
happened  to  an  old  woman  84  years  old,  and  the  other 
the  result  of  a  post-mortem  experiment  by  himself.  The 
accidental  case  occurred  in  the  service  of  M.  Guyon,  at 
the  Necker  Hospital,3  and  was  caused  by  the  woman,  when 
getting  out  of  bed,  twisting  the  foot  inwards  and  falling 
into  almost  a  sitting  posture  upon  her -heel,  thus  tending 
to  produce  a  forced  outward  rotation  of  the  thigh.  The 
foot  and  leg  after  the  fracture  were  rotated  outwards,  there 
was  six  centimetres  shortening,  the  inferior  fragments  pro- 
jected outwards,  and  the  movement  of  the  fragments  was 
easily  made  out.  At  the  post-mortem  examination  a  heli- 
coidal fracture,  exactly  like  those  of  MM.  Gosselin,  Tillaux, 
Leriche,  Koch,  Biermann,  and  others,  was  discovered.  M. 
Fere  concludes  that  in  fractures  caused  by  outward  tor- 
sion the  inferior  fragment  mounts  upwards  over  the  lower  end  of  the  superior  frag- 
ment ;  and  that  in  fractures  caused  by  inward  torsion  it  mounts  upwards  on  the  inner 
side  of  the  superior  fragment  (see  figs.  170,  171).  I  had  the  good  fortune  to  see 
with  M.  Fere  in  the  Necker  Hospital  a  managed  50,  under  M.  Guyon's4  care,  the  subject 
of  a  very  similar  fracture.  The  accident  occurred  to  the  patient  whilst  sitting  on  a 
chair,  from  lifting  his  left  foot  with  the  aid  of  his  right  hand  across  the  right  knee,  thus 
rotating  the  left  tbigh  outwards  ;  suddenly  he  heard  a  noise  like  a  pistol  explosion 
and  the  thigh  was  found  broken  at  the  lower  third.    The  limb  was  much  shortened, 

1  Gerdy,  Chirurgie  pratique,  t.  iii. ;  '  Maladies  des  organes  du  mouvement.' 

2  Ch.  Ferti,  Fractures  par  torsion  de  la  partie  inferieure  du  corps  du  Femur. 

3  Ch.  FerS,  op.  cit. 

4  A  full  description  of  this  case  is  contained  in  a  thesis,  '  Des  Frac-tures  helicdidaiVs  '  lw 
M.  G.  Raullet,  1880.  '  y 
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the  inferior  fragment  made  the  soft  parts  on  the  outer  side  of  the  thigh  prominent,  the 
superior  fragment  was  on  the  inner  side,  and  the  foot  and  leg  were  turned  outwards. 
Reduction  was  difficult.  The  treatment  was  extension  after  the  American  plan. 
Consolidation  had  taken  place,  but  there  was  considerable  persistent  shortening  of 
the  limb,  the  foot  and  leg  were  slightly  inclined  inwards,  and  there  was  still 
some  prominence  to  be  felt  on  the  outer  side  of  the  thigh  caused  by  the  upper  end 
of  the  inferior  fragment.    This  patient  was  not  known  to  have  any  syphilitic, 

rheumatic,  or  cancerous  diathesis,  nor 
IQ"  to  have  had  any  disease  of  the  nervous 

centres,  but  he  had  had  his  foot  frost- 
bitten, and  had  suffered  amputation  of 
the  great  toe  on  that  account. 

I  have  since  had  a  patient  under  my 
care  in  the  Middlesex  Hospital  to  whom 
I  believe  a  similar  accident  happened, 
but  in  the  inverse  direction,  and  with- 
out marked  separation  of  the  fragments. 
It  was  caused  by  a  falling  body  forcibly 
twisting  inwards  the  leg  and  foot  whilst 
the  pelvis  was  fixed.  The  man  was 
about  45  years  of  age,  active  and  strong  ; 
his  recovery  was  slow,  and  attended 
with  some  fibrous  anchylosis  of  the 
knee-joint ;  considerable  increase  in  the 
circumference  of  the  bone  remained  after 
union  had  taken  place.  Similar  heli- 
coidal  fractures  have  occurred  in  the 
upper  extremity  of-  the  femoral  diaphy- 
sis,  and  cases  have  been  described  by 
MM.  Marce,1  Descroizilles,2  and  Leger.3 
There  are  also  good  specimens  of  spiroid 
fracture  of  the  upper  end  of  the  femoral 
diaphysis  in  the  Musee  Dupuytren.  In 
one,4  a  preparation  of  Malgaigne,  the 
fracture  is  complete,  recent  and  without 
trace  of  consolidation.  In  the  other,5 
a  case  of  M.  Debrou,  the  fracture  is 
incomplete  and  without  separation  of 
the  fragments  except  to  a  slight  degree 
at  its  middle  part ;  but  the  fissure  forms 
a  complete  spiral  fifteen  centimetres  in 
length ;  it  was  removed  from  a  man 
set.  63  who  had  fallen  on  the  pavement 
from  making  a  false  step.  A  second 
specimen  of  Malgaigne  was  removed 
from  a  man  still  young  who  fell  upon 
his  feet  from  a  height.  Other  excellent 
specimens  of  the  same  sort  have  been 
presented  to  the  same  museum  by  MM. 
Broca,  Jarjavay,  Marjolin,  and  Lize. 
In  all  such  cases  it  must  be  expected  that  recovery  will  be  slow,  and  that  there  will 
most  probably  be  shortening.  Continued  extension  is  most  requisite  in  the  treatment 
of  these  fractures. 

1  Bull,  de  la  Soc.  Anat.  Oct.  1854,  p.  295.  2  Ibid.  1859,  p.  136. 

3  Ibid.  1875,  p.  95;  M.  Raullefs  thesis  also  contains  ati  account  of  each  of  these  three 
cases.  4  165b  in  M.  Houel's  Catalogue. 

5  165g  in  M.  Houel's  Catalogue;  also  M.  Debrou,  AreJiiv.  gen.  de  Med.  1843,  4°  ser.  t.  iii. 
p.  400. 
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sinterior  surface  of  a  femur  fractured  by  torsion  out- 
wards ;  K,  anterior  face  of  femur  fractured  by  torsion 
inwards.  An  oblique  view  to  show  the  summit  of  the 
superior  ansde  behind  the  inner  edge  of  the  bone. 
(After  Oh.  Fere.) 
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Dr.  E.  H.  Bennett,1  of  Dublin,  has  reported  a  case  of  V-shaped  fracture  in  the 
upper  third  of  the  femur  affected  with  secondary  cancerous  tubercles;  some  callus 
had  been  deposited  along  the  lines  of  fracture. 

3.  Fractures  of  the  Lower  End  of  the  Femur,  near  or  into  the  Knee-joint. 

Of  fractures  in  the  lower  third  of  the  femur  some  are  above  the  junction  of  the  con- 
dyles with  the  shaft,  but  a  considerable  number  involve  the  condyles  and  extend  into 
the  knee-joint.    Thus,  of  33  speci- 
mens 2  in  the  Musee  Dupuy  tren,  only  ^IG'  ^ ' 
13  are  entirely  supracondyloid,  i.e. 
limited  to  the  diaphysis  of  the  bone. 
Ten  are  at  the  same  time  supracon- 
dyloid and  intercondyloid  ;  three  are 
limited  to  the  inner  condyle  and  two 
to  the  external.3    In  one,  a  case  of 
Prof.  Vernexiil,  both  condyles  are  ob- 
liquely detached  from  the  diaphysis, 
which  projects  downwards  between 
them  like  a  wedge,4  and  to  Avhich 
they  adhere  by  unbroken  periosteum. 
In  another  remarkable  case  the  fe- 
moral condyles  are  fractured  trans- 
versely in  front  and  behind,  so  as  to 
present  three  portions,  a  middle  one 
continuous  with  the  diaphysis  and 
two  large  splinters  situated  one  in 
front   and   the   other   behind  the 
middle  portion.    An  oblique  fracture 
may  traverse  either  condyle  or  the 
intercondyloid  space.    Fractures  of 
the  condyles  are  frequently  the  result 
of  gunshot  wounds,  but  they  may 
arise  from  falls,  kicks,  or  other  blows. 
M.  Dubue5  has  reported  the  case  of 
a  man  set.  60  who  fell  while  ascend 
ing  a  ladder  and   broke  off  very 
obliquely  the  whole  of  the  internal 
condyle  of  the  femur,  and  the  superior 
external  angle  of  the  patella.  Prof. 
Verneuil  had  a  case  in  which  a  large 
cube  of  bone  consisting  of  the  inner 
condyle  was  broken  off  by  the  falling 
of  a  quantity  of  earth  upon  a  man 
set.  28.    Mr.  Davy,  of  the  West- 
minster  Hospital,  has  recently  ampu- 
tated the  thigh  of  a  man  who  had 
suffered    fracture   above   and  also 
between  the  condyles,  with  partial 
dislocation  of  the  tibia  forwards  and 
inwards.    The  injury  was  caused  by 

a  fall  two  months  previously,  and  two  days  before  the  man  came  under  Mr.  Davy's 
care  an  attempt  to  correct  the  displacement  led  to  re  fracture  above  the  condyles. 

1  Brit.  Med.  Journ.  June  23,  1877,  p  797.  2  Vide  Catalogue,  par  M.  Houel. 

3  Agnew  (Surgery,  vol.  i.  p.  960)  refers  to  fifteen  cases  in  which  only  one  condyle  was 
broken,  but  the  accident  is  not  so  rare  as  he  seems  to  imply. 

4  Prof.  Gross  has  a  specimen  of  the  same  character  of  fracture — both  condyles  being 
broken  off,  leaving  the  trochlear  surface  connected  with  the  shaft.    (Vide  Ao-new's  Surgery 
vol.  i.  p.  960.)  5  Bull,  de  la  Soc.  Anat.  1863,  2e  ser.  t.  viii.  p.  153.  ' 


a/,  posterior  surface  of  femur  fractured  by  torsion  outwards; 
b',  posterior  surface  of  femur  fractured  by  torsion  in- 
wards.   (From  M.  Cb.  Fere's  paper.) 
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The  patient  insisted  on  amputation  as  the  limb  was  quite  useless;  the- condyles  were 
seen  distinctly  pressing  backwards  the  skin  of  the  ham  ;  both  tibial  arteries,  how- 
ever, pulsated  at  the  ankle.  In  a  case  of  a  man  set.  45  in  the  Middlesex  Hospital 1 
under  Mr.  De  Morgan's  care  the  accident  occurred  by  slipping  and  then  falling 
forcibly  on  his  bent  knee,  just  as  he  was  starting  to  run  out  of  the  way  of  a  cab  ; 
there  was  a  fracture  above  the  condyles,  and  between  the  condyles  into  the  joint, 
and  the  ligamentum  patellae  was  torn  across.  The  condyles  were  driven  asunder 
and  together  with  the  tibia  were  forced  upwards  and  backwards,  so  that  there  was 
marked  shortening  of  the  limb  and  considerable  swelling  of  the  knee.  The  common 
situation  of  supracondyloid  fractures  is  about  two  inches  above  the  line  of  the  epi- 
physial cartilage  ;  near  the  spot  where  the  femoral  artery  grooves  the  femur  on  its 
way  to  the  popliteal  space.    Here  the  thickness  of  the  compact  tissue  of  the  shaft 

diminishes.  Occasionally  the  artery  as  it  lies  against  the 
bone  is  penetrated  by  splinters  of  bone. 

The  direction  of  supracondyloid  fractures  resembles 
that  of  fractures  of  the  middle  of  the  shaft ;  it  is  for  the 
most  part  oblique  from  above  downwards  and  from  behind 
forwards,  or  from  above  downwards  and  from  without 
inwards;  occasionally  it  is  transverse,  and  then  the  frac- 
tured surfaces  may  be  dentated.  Dr.  E.  W.  Collins 
exhibited  to  the  Dublin  Pathological  Society,  in  April 
1878,  .a  specimen  in  which  the  direction  of  the  fracture 
ran  downwards  and  backwards,  the  lower  fragment  being 
consequently  displaced  upwards  and  forwards  as  well  as 
to  the  outer  side  of  the  upper  fragment ;  there  is  only  one 
other  specimen  of  such  a  displacement  of  the  fragments 
in  the  Museum  of  the  School  of  Physic  in  Ireland,  and 
not  one  in  the  French  museum. 

The  displacement  is  also  much  the  same  as  in  fractures 
of  the  middle  of  the  shaft;  the  upper  fragment  projects 
sometimes  forwards  and  outwards,  sometimes  forwards 
and  inwards,  or  it  may  be  directly  forwards ;  simple  lateral 
displacement  of  the  upper  fragment  inwards  or  outwards 
may  occur,  but  it  is  the  exception.  Sometimes  there  is 
impaction  of  the  upper  fragment  into  the  lower.  In 
oblique  fractures  even  two  or  three  inches  above  the  joint, 
with  displacement  of  the  lower  fragment  backwards,  the 
knee-joint  has  been  wounded  by  the  end  of  the  upper 
fragment  being  pressed  against  the  synovial  capsule  by 
the  forcible  retraction  of  the  lower  fragment. 

In  young  children  the  epiphysis  is  sometimes  separated 
from  the  shaft,  and  this  may  be  combined  with  a  fracture 
through  one  or  both  condyles  (see  fig.  1 73).  Lateral  flexion 
or  force  applied  in  a  lateral  direction  is  calculated  to 
produce  separation  of  the  epiphysis.  Chips  of  bone,  or  portions  of  articular  cartilage, 
are  also  occasionally  detached  from  the  condyles  into  the  joint,  and  may  thus  give 
rise  to  symptoms  of  'loose  cartilage.'  These  fragments  have  been  extracted  from 
the  injured  joints  in  the  same  way,  and  for  the  same  reasons,  as  loose  cartilages  are, 
and  with  in  some  cases  the  happiest  results.2  In  a  case  described  by  Mr.  Teale,  of 
Leeds,3  erysipelas  and  death  followed  the  removal  of  the  detached  piece. 

Dr.  Crosby  4  has  described  a'  case  in  which  a  large  portion  of  a  condyle  had  been 
broken  off  and  failed  to  unite  ;  it  was  removed  six  months  afterwards  through  an 
incision,  and  complete  recovery  ensued. 

The  diagnosis  of  these  fractures  is  usually  unattended  with  difficulty.  When 

1  Med.  Times  and  Gaz.  Nov.  27,  1875,  p.  593. 

2  Deutsche  Klinik,  1867,  p.  448.    Brodhurst,  St.  Georges  Hasp.  Repts.  ii.  p.  141. 

3  Teale,  Med.-Chir.  Trans,  vol.  xxxix.  1  New  Hampshire  Juurn.  of  Med.  1857. 


Fig.  172. — Oblique  Frac- 
ture of  the  Lower  Third 
of  the  Femur,  down- 
wards and  forwards. 
(From  St.  ( leorge's 
Hospital  Museum.) 
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Fig.  173.— Separation  of 
the  Lower  Epiphysis  of 
the  Femur,  combined 
with  Fracture.  (From 
the  Museum  of  St. 
George's  Hospital.) 


the  fracture  is  supracondyloid,  the  marked  shortening  and  deformity,  the  crepitus 
which  is  felt  above  the  line  of  the  condyles,  and  the  increased  mobility  of  the  limb 
at  a.  point  above,  not  at  the  knee-joint,  are  all  characteristic  signs.  When  the  frac- 
ture extends  into  the  knee-joint  between  the  condyles,  or  one  of  the  condyles  is 
broken  off,  there  will  be  usually  great  swelling  of  the  joint  from  effusion  of  serum 
and  blood  ;  often,  too,  there  is  marked  extravasation  into  the  surrounding  soft 
tissue.  If  the  fragments  are  separated  laterally,  this  is 
detected  by  the  increased  width  of  the  lower  end  of  the 
femur ;  crepitus  will  be  detected  by  antero-posterior 
movement  of  the  condyles,  as  well  as  often  by  rotation  of 
the  leg ;  and  another  way  in  which  it  may  be  obtained 
is  by  moving  the  patella  from  side  to  side  against  the 
front  of  the  femur.  The  impossibility  of  bearing  weight 
on  the  limb  and  the  mode  of  occurrence  of  the  fracture 
will  also  aid  the  diagnosis. 

The  prognosis  in  cases  of  fi-acture  of  the  lower  end! 
of  the  femur  depends  on  whether  they  are  simple,  com- 
minuted, or  compound ;  upon  whether  the  fracture 
extends  into  the  joint  or  is  confined  to  the  diaphysis  of 
the  bone;  and  if  it  extend  to  the  joint,  the  gravity  will 
be  in  direct  relation  to  the  number  of  bones  and  liga- 
ments implicated.  If  the  head  of  the  tibia  or  the  patella 
or  ligamentum  patella?  be  also  fractured,  or  if  the  tibia  be 
partially  dislocated  without  being  fractured,  the  subse- 
quent usefulness  of  the  limb  will  be  much  diminished. 
In  nearly  all  cases  in  which  the  joint  is  involved  the 
mobility  of  it  will  be  impaired  for  a  time,  but  may  be 
regained  sooner  or  later.  In  some  cases  the  stiffness  of 
the  joint  is  permanent ;  and  there  will  be  continued  lame- 
ness as  the  result  partly  of  the  anchylosis  and  partly 
of  shortening  of  the  limb.  In  the  supracondyloid  fractures  recovery  is  generally 
attended  with  shortening,  which  in  some  cases  has  been  very  considerable,  amount- 
ing to  two  or  three  inches  and  more  ;  it  is  exceptional  to  secure  union  with  less  than 
a  third  of  an  inch  shortening,  and  such  a  result  must  be  regarded  as  satisfactory. 
When  only  one  condyle  is  broken  off  there  will  of  course  be  no  shortening. 

Treatment. — In  the  case  under  Mr.  De  Morgan's  care  referred  to  above,  a  very  good 
result  was  ultimately  obtained  by  extension.  A  perineal  band  passed  round  the  patient 
was  made  fast  to  the  opposite  side  of  the  bed -head  ;  a  long  Liston  was  firmly  fixed  to 
the  affected  thigh  ;  a  long  piece  of  strong  strapping  two  inches  in  width  was  then 
applied  round  the  leg  from  the  outer  to  the  inner  aspect,  leaving  a  loop  at  the  sole 
of  the  foot  in  which  was  fixed  an  ordinary  roller.  This  band  of  strapping  was 
bandaged  in  the  usual  manner  to  tlie  leg,  and '  the  leg  so  lightly  bandaged  to  the 
splint  as  to  allow  of  its  working  between  the  bandage  and  splint,  and  yet  be  left  in 
apposition  to  the  splint.  A  seven-pound  weight  working  over  a  pulley  at  the 
bottom  of  the  bed  was  then  fastened  to  the  roller  at  the  looped  end'  of  the  plaster. 
An  ice-bag  was  kept  applied  to  the  knee.  In  other  cases  Gurdon  Buck's  apparatus 
without  the  long  Liston,  but  with  four  short  splints  buckled  over  the  fractured  part, 
will  answer  well.  No  absolute  rule,  however,  can  be  Paid  down  as  to  the  position 
in  which  the  limb  should  be  placed  in  the  several  varieties  of  these  fractures.  For 
the  majority,  the  straight  is  undoubtedly  the  best.  In  some  cases  it  has  been  found 
that  the  fragments  could  only  be  kept  in  pl'ace  by  flexing  the  leg.  The  double- 
inclined  plane,  or  Maclntyre's  splint,  in  these  cases  is  very  useful  and  handy ;  their 
action  will  in  rare  cases  be  facilitated  by  division  of  the  tendo  Achillis  to  relax  the 
gastrocnemius  muscle  and  thus  more  securely  and  certainly  to  reduce  the  shortening 
and  posterior  displacement  caused  by  muscular  agency.  The  action  of  the  gastro- 
cnemius upon  the  fragments  in  fractures  of  the  lower  end  of  the  femur  is  different 
in  different  cases  :  when  the  line  of  fracture  is  above  its  origin  the  effect  is  to  bend 
Vol.  I.  3  U 
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backwards  the  condylar  extremity;  when  below  its  origin  the  tendency  of  the 
muscle  is  to  drag  upwards  the  condyles  behind  the  lower  end  of  the  diaphysis  of 
the  femur.  Where  a  vertical  or  oblique  fracture  separates  the  condyles,  lateral 
pressure  may  also  be  required.  If  much  inflammation  arise,  it  may  be  reduced  by 
the  ice-bag  or  by  Leiter's  tubing  apparatus,  leeches,  fomentations,  or  evaporating 
lotions,  as  most  agreeable  to  the  patient's  feelings.  Passive  motion  should  be  com- 
menced in  five  or  six  weeks,  to  prevent  anchylosis.  In  compound  fractures  into 
the  joint,  amputation  of  the  limb  will  often  be  necessary  ;  but  not  in  all  cases.  If 
the  patient  be  in  good  health  and  not  past  the  middle  period  of  life,  success  will  be 
likely  to  attend  the  surgeon's  efforts  to  save  limb  as  well  as  life.  A  good  case  of 
the  sort  has  lately  been  recorded  by  Mr.  Mauser,1  of  Tunbridge  Wells.  A  portion 
of  a  gunbarrel  penetrated  the  knee  joint,  fracturing  the  external  condyle  and  com- 
minuting the  patella.    The  man,  set  36,  recovered  with  an  anchylosed  joint. 

Separation  of  the  condyloid  epiphysis  of  the  femur. — This  is  an  accident  which 
occasionally  happens  and  may  be  simple  or  compound.  Sometimes  it  is  much 
twisted  upon  itself,  as  in  the  case  described  by  Mr.  Holmes ;  2  sometimes  the  dis- 
placement is  lateral,  and  if  outwards  the  limb  may  resemble  the  deformity  of  genu 
valgum,  as  in  a  case  described  by  Mr.  Puzey  of  Liverpool  ;  3  in  other  instances  the 
superior  epiphysis  of  the  tibia  is  separated  as  well.  Though  there  will  be  much 
swelling  about  the  joint,  it  will  generally  be  possible  to  make  out  that  the  condyles 
iire  in  their  normal  relation  to  the  head  of  the  tibia.  The  treatment  must  be  based 
on  the  general  principles  for  fractures  near  the  knee-joint. 

Fractures  of  the  Patella. 

Fractures  of  the  patella  may  be  simple,  comminuted,  or  compound  ;  vertical, 
oblique,  or  transverse ;  and  are  caused  either  by  direct  violence,  as  falls  or  blows 
upon  the  knees,  or  by  muscular  action.  Of  all  the  bones  of  the  skeleton,  the  patella 
is  most  liable  to  be  broken  from  the  latter  cause ;  and  the  frequency  of  its  occurrence 
would  imply  some  peculiarity  in  the  structure  or  position  of  this  bone.  As  regards 
structure,  Malgaigne  affirms  that  these  fractures  are  sometimes  favoured  by  an 
antecedent  morbid  condition  of  the  bone  ;  but  this  will  not  explain  their  greater 
relative  frequency  as  regards  the  other  bones  of  the  skeleton,  unless  it  can  be  shown 
that  the  patella  is  more  prone  to  this  morbid  change  than  they  are.  As  a  matter  of 
fact,  too,  fracture  of  the  patella  occurs  in  males  much  more  often  than  in  females 
and  during  the  most  muscular  period  of  life;  rarely  in  the  aged  or  in  the  subjects  of 
constitutional  syphilis,  cancer,  scrofula,  or  other  state  of  the  system  which  tend  to 
deteriorate  the  bones.  As  respects  position,  when  the  knee  is  slightly  bent,  the 
patella  is  supported  upon  the  condyles  of  the  femur  on  its  transver  se  axis  only, 
whilst  its  upper  half  is  unsupported  behind,  and  its  superior  edge  projects  slightly 
upwards.  Under  these  circumstances,  a  sudden  and  violent  confraction  of  the  ex- 
tensor muscles  of  the  leg,  which  are  now  nearly  at  right  angles  with  the  vertical 
axis  of  the  patella,  may  snap  the  bone  in  two,  as  not  unfrequently  happens  when  a 
violent  effort  is  made  to  prevent  oneself  falling  backwards,  or  in  voluntarily  throwing 
the  body  backwards  to  avoid  falling  forwards.  Fractures  of  the  patella  by  muscular 
action  are  always  transverse,  or  nearly  so,  and  frequently  take  place  through  the 
centre  of  the  bone,  or  they  may  be  above,  but  are  more  generally  below,  the  centre. 
The  frequency  of  fractures  in  this  direction  seems  to  have  led  English  surgeons  to 
the  belief  that  the  majority  of  fractures  of  this  bone  are  of  muscular  origin.  This 
opinion  has  not  been  shared  by  all  foreign  surgeons,  several  of  whom  attribute  the 
greatest  number  to  direct  violence.  Of  nine  cases  recorded  by  Boyer,  5  were  said  to 
have  been  caused  by  falls  on  the  knee,  and  this  was  the  nature  of  the  accident  which 
produced  11  of  the  19  fractures  observed  by  Malgaigne.  In  the  fourth  edition  of 
Hamilton's  work  on  'Fractures  and  Dislocations,'  published  1871,  that  author 
states,  '  Of  29  fractures  of  the  patella,  which  have  been  recorded  by  me,  27  were  the 


1  Lancet,  Jan.  24,  1880.  2  Path.  Soc.  Trans,  vol.  xiii.  p.  187. 

3  Brit.  Med.  Juurn.  Oct.  21,  1882  p.  788. 
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result  of  direct  blows  or  of  falls  upon  the  knee.  In  the  remaining  examples  the 
fracture  was  due  solely  to  muscular  action.' 1  But  a  change  seems  to  have  taken  place  in 
Hamilton's  opinion,  for  he  now  inclines  to  the  belief  that  muscular  action  was  more  or 
less  the  cause  of  all  the  simple  transverse  fractures  of  the  patella  which  he  has  recently 
recorded — viz.  in  106,  out  of  127  cases  of  all  kinds.  His  arguments  in  favour  of  this 
later  opinion  are  so  much  to  the  point,  and  so  well  express  the  views  now  generally 
received  by  surgeons,  in  this  country  at  least,  that  I  quote  them  at  length.  '  The 
great  power  of  those  four  strong  muscles  which  unite  to  form  the  tendon  of  the 
quadriceps  ;  the  fact  that  99  occurred  in  males,  that  only  3  occurred  in  persons 
under  20  years  of  age,  and  only  5  after  60,  the  largest  number  being  between 
the  20th  and  30th  years  of  life  ;  the  remarkable  uniformity  in  the  direction  of 
the  fracture,  and,  finally,  because  I  am  unable  to  cause  a  transverse  fracture  on  the 
cadaver  by  a  direct  blow.  I  might  have  added  also  the  fact,  as  attested  by  museum 
specimens,  that  the  fracture  is  very  uniformly  from  before  backwards  and  downwards, 
as  would  be  the  case  if  it  were  caused  by  a  cross  strain,  the  active  force  being 
attached  to  the  upper  fragment.  ...  A  patella  having  given  way  transversely  to 
muscular  action,  those  fibres  of  the  quadriceps  which  are  inserted  into  the  sides  of 
the  patella  still  continuing  to  act,  may  break  the  bone  vertically,  or  cause  them  to 
separate  laterally.  The  source  of  error  in  estimating  the  value  of  muscular 
action  in  the  production  of  this  fracture  has  been  that  in  the  majority  of  cases  the 
patients  have  actually  fallen  upon  their  knees,  and  all  such  cases  have  been  set 
down  as  caused  by  direct  force ;  but  in  a  fall  on  the  knee  upon  a  plane  surface, 
when  the  leg  is  flexed  to  a  right  angle  with  the  body,  the  patella  does  not  touch  the 
plane  ;  it  is  only  the  tubercle  of  the  tibia  which  touches,  and  the  contact  with  the 
plane  has  had  nothing  to  do  with  the  fracture,  except  as  causing  by  the  concus- 
sion a  more  active  contraction  of  the  ?nuscles  already  rendered  tense  by  the 
position  and  by  the  effort  to  prevent  the  fall.'  2  In  not  a  few  cases  in  which  the 
fracture  occurs  from  muscular  action,  the  patient  immediately  after  falls  with  the  leg 
under  the  thigh  ;  when  the  fracture  is  accompanied  by  a  distinctly  felt  snap  and  the 
person  is  observant,  he  will  not  attribute  the  fracture  to  the  fall,  but  the  fall  to  the 
fracture ;  in  other  cases,  when  the  snap  is  not  heard,  the  patient  is  very  likely  to 
report  that  the  injury  is  due  to  the  fall  and  no  account  of  the  preceding  muscular 
effort  will  be  given ;  hence  the  frequency  with  which,  without  further  inquiry,  these 
injuries  are  placed  to  the  credit  of  a  '  fall  on  the  knee.'  Many  of  the  oblique, 
nearly  all  comminuted  fractures,  and  probably  every  compound  fracture  of  the 
patella,  result  from  direct  violence  of  some  kind.  Before  the  20th  and  after  the 
60th  years  of  life  it  seems  that  the  patella  is  rarely  broken  except  by  direct  force. 
Hamilton  only  reports  3  out  of  127  cases  as  occurring  before  the  20th  year,  and  these 
were  all  due  to  direct  blows  ;  between  the  60th  and  80th  years  of  life  there  were  6 
cases,  and  4  were  certainly  and  the  other  probably  caused  by  violence  direct.  Mr. 
Hulke  has  furnished  me  with  an  analysis  of  36  cases  of  fracture  of  the  patella  which 
have  occurred  in  his  own  practice  Of  these  12  were  females  and  24  males;  1  case 
occurred  in  the  10th  year  of  life  ;  3  between  the  ages  of  20  and  30  years ;  1 1  between 
30  and  40  ;  8  between  40  and  50  ;  7  between  50  and  60;  1  between  60  and  70; 
and  1  between  70  and  80.  In  most  of  these  36  cases  it  was  clearly  stated  that  the 
fracture  was  caused  by  indirect  violence ;  in  only  two  was  there  reason  for  consider- 
ing it  due  to  direct  violence.  In  oue  of  these,  a  woman,  aged  34,  fell,  striking  her 
knee  on  the  edge  of  a  stair ;  the  fracture  was  transverse,  with  a  vertical  cleavage  of 
the  lower  fragment  into  two  nearly  equal  parts.  In  the  other  case,  a  boy,  aged  10, 
was  thrown  clown  in  a  scuffle  and  kicked  on  the  knee ;  the  fracture  was  transverse. 
In  the  case  of  a  man,  between  60  and  70  (69  years),  the  fracture  was  clearly  due  to 
indirect  violence  ;  in  that  of  a  woman,  between  70  and  80  (77  yeai's),  the  exact  nature 
of  the  violence  is  doubtful,  being  described  simply  as  '  a  fall.' 

Pathology. — This  is  as  a,  rule  a  fracture  into  the  knee-joint,  for  in  the  large  bulk 
of  cases  not  only  the  bone,  but  the  synovial  membrane,  as  well  as  the  fibrous  tissues 
adherent  to  and  overlying  the  front  of  the  patella,  are  lacerated.    It  is  anatomically 


1  Hamilton,  op.  cit.  p.  434. 


2  Hamilton,  Fracture  of  the  Patella,  p.  89,  1880. 
3  u  2 
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possible  if  the  fracture  involves  only  the  lower  and  non-articular  portion  of  the 
patella,  and  if  the  amount  of  separation  of  the  fragments  is  slight,  that  the  fatty 
tissue  behind  the  apex  of  the  patella  over  which  the  synovial  membrane  is  reflected 
may  save  the  latter  from  injury.  It  is  also  impossible  to  deny  the  occurrence  of  par- 
tial fracture  of  the  patella — i.e.  fracture  not  involving  the  whole  thickness  of  the  bone. 
There  is  a  specimen  1  in  the  Musee  Dupuytren  in  which  the  fracture,  transverse  and 
incomplete,  involves  only  the  articular  surface  and  extends  but  little  deeper  than  the 
articular  cartilage ;  it  shows  well  that  the  fracture  does  not  nearly  reach  the  anterior 
surface  nor  quite  to  the  lateral  edges  of  the  bone ;  it  appears  to  be  recent,  for  there  is 
no  trace  of  any  repair.  It  is  much  to  be  regretted  that  there  is  no  history  associated 
with  the  preparation  beyond  the  statement  that  it  was  one  of  Malgaigne's.  In  most 
cases,  doubtless,  and  certainly  in  all  in  which  the  gaping  of  the  fracture  is  more  than 
half  an  inch,  the  aponeurotic  expansion  of  the  extensor  tendon  on  each  side  of  the 
patella  is  lacerated.  I  have  often  demonstrated  this  on  the  dead  subject.  With  the 
skin  reflected  and  the  patella  divided  by  a  chisel  there  is  not  half  an  inch  of  separation 

-i — !  .      „         „      until,  by  sharply  bending  the  knee,  the  fibrous  tissues 

Fig.  J  / 4.  —Drawing  from  a  Cast        .     J.,       %  »,  J?  , 

of  n  Limb  in  which    the  sides  of  the  patella  tear  transversely  or  must 

Patella  had  been  Fractured,  be  cut  across,  when  a  degree  of  separation  immedi- 
(From  the  Museum  of  the  ately  takes  place  in  proportion  to  the  extent  of  their 
Westminster  Hospital.)  laceration  or  incision.    Frequently,  perhaps  generally, 

the  bursa  in  front  of  the  patella  is  torn  open,  and 
then  there  remains  nothing  between  the  joint  and 
the  surface  but  the  skin  and  perhaps  the  thin  front 
wall  of  the  bursa.  Fortunately  the  skin  does  not 
yield,  though  Dr.  Erskine  Mason  2  had  a  case  in 
which  in  a  subsequent  accident — viz.  a  rupture  of  the 
uniting  ligament — the  skin  was  torn  and  the  frag- 
ments were  very  widely  separated.  Suppuration 
followed  and  the  patient  recovered  after  amputation. 
In  some  cases  rapid  swelling  of  the  joint  follows  the 
fracture  from  effusion  of  blood  into  it.  Hamilton 
notes  that  often  at  an  early  date  there  is  much  ecchy- 
mosis  at  the  back  and  sides  of  the  joint  from  infiltra- 
tion of  blood  into  the  subcutaneous  cellular  tissue. 
On  dissection  I  have  found  blood  in  the  tissues  in 
front  and  at  the  sides  of  the  joint  one  month  after 
the  fracture.  Synovitis  and  bursitis  also  lead  to 
swelling  of  and  about  the  joint  at  a  period  after  the 
accident  varying  from  a  few  hours  to  a  day  or  two  ; 
the  degree  of  this  inflammation  differs  in  different  cases.  Rarely,  suppurative  cel- 
lulitis in  front  and  at  the  sides  of  the  knee  occurs.  Not  ^infrequently  at  post-mor  tem 
examination  the  uniting  ligament  will  be  found  firmly  adherent  to  the  overlying  skin- 
Necrosis  of  the -patella  after  fracture  of  that  bone  is  a  rare,  but  when  it  does  occur 
may  be  a  very  serious,  complication.  A  larger  or  smaller  portion  of  the  patella  may 
necrose  some  years  after  a  transverse  fracture  had  united  by  ligament  and  without 
i  iiy  fresh  accident  happening  ;  3  or  in  the  original  accident  a  fragment  may  be  chipped 
oti'  and  fall  into  the  joint  and  there  set  up  acute  inflammation ;  *  or  a  partially 
detached  portion  of  one  of  the  fragments  may  die  and  be  gradually  exfoliated,  as  is 
seen  to  be  the  case  in  Liston's  specimen  in  the  College  of  Surgeons'  Museum 
(referred  to  further  on),  which  was  removed  from  a  sailor,  a;t.  24,  who  died  seven 
weeks  after  the  injury  from  hectic  fever  from  extensive  suppuration  in  and  around 
the  knee-joint. 

Symptoms  and  diagnosis. — The  symptoms  of  fracture  of  the  patella  are  generally 
well  marked ;  when  transverse,  the  separation  of  the  fragments  leaves  a  depression 


No.  208d  in  M.  Houel's  Catalogue. 


3  Ericliseu,  Science  and  Art  of  Surgery,  7th  ed.  vol.  i.  p.  446. 

4  Lawson,  Brit.  Med.  Journ.'vol.  i.  p.  710,  1877. 
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in  front  of  the  joint  into  which  the  fingers  may  he  inserted  and  the  condyles  of  the 
femur  readily  felt.  Above  and  below  this  depression  the  fragments  of  the  patella 
may  be  recognised,  and  on  bending  the  knee  (a  movement  which  ought  to  be  avoided) 
the  interval  between  them  will  be  greatly  increased.  The  power  of  extending  the 
limb,  or  of  bearing  any  weight  upon  it,  is  lost  or  impaired,  though  in  very  excep- 
tional cases  the  patients  have  continued  standing,  and  have  even  walked,  with 
difficulty  and  pain,  after  fracture  of  the  patella.  Such  a  case  occurred  in  my  own 
practice  in  the  person  of  a  young  woman  who  had  struck  her  knee  forcibly  against 
a  chair.  She  had  been  seen  and  very  carefully  examined  by  Mr.  Steele  of  the 
Bloomsbury  Dispensary,  who  could  find  no  fracture ;  for  part  of  two  days  she  got 
about  the  house  and  up  and  down  stairs,  moving,  however,  with  great  difficulty  and 
much  pain.  I  was  then  asked  to  see  her,  and  after  a  prolonged  examination  I  could 
find  no  fracture.  I  applied  an  extemporised  back  splint  because  of  the  pain  and 
the  effusion  into  the  joint,  but,  feeling  mistrustful  of  my  diagnosis,  I  took  off  the 
splint  and  again  examined  the  patella  befoi-e  leaving  the  house  .  By  fixing  the  bone  be- 
tween the  finger  and  thumb  of  one  band,  and  t  hen  pressing  all  around  the  circumference 
of  it  with  the  index  finger  of  the  other,  I  now  detected  crepitus,  and  thus  made  out  an 
oblique  fracture  ;  a  considerable  fragment  had  been  split  off  from  the  rest  of  the  bone, 
but  there  was  not  the  slightest  displacement  of  it.  I  have  since  always  employed 
and  recommended  the  method  of  examination  here  indicated  in  every  doubtful 
injury  of  the  patella. 

In  some  cases  little  more  than  a  transverse  fissure  can  be  defected,  the  bone  being 
evidently  fractured,  but  its  fragments  retained  in  apposition  by  the  periosteum.  In 
other  cases  of  injury  to  the  knee  symptoms  are  present  which  resemble  fracture, 
though  none  exists ;  thus  a  fall  on  the  knee  may  tear  across  the  fibrous  capsule,  and 
leave  a  transverse  fissure  ;  or  a  slight  effusion  into  the  bursa  patella?  sometimes 
resembles  a  fracture ;  or  the  bursa  may  become  thickened  in  parts,  and  so  convey  to 
the  fingers  the  sensation  of  ridges  and  of  separation  of  segments  of  the  bone.  In 
Vertical  and  comminuted  fractures  of  this  bone,  the  fragments  can  be  easily  brought 
into  juxtaposition,  and  crepitus  elicited.  All  the  varieties  of  this  fracture  are 
followed  by  more  or  less  inflammation  in  the  knee-joint,  which  not  unfrequently 
becomes  greatly  distended  with  fluid,  and  thus  the  broken  portions  of  bone  are 
separated  still  further.  From  this  cause  I  have  seen  the  nature  of  the  injury  over- 
looked, and  the  case  treated  as  one  of  synovitis  only. 

Prognosis. — It  is  rare  for  a  patella  which  is  broken  transversely  to  become 
united  by  bone.  Hamilton,  without  denying  the  possibility  of  union  by  bone,  says, 
'  I  do  not  know  positively  that  in  any  case  the  union  was  by  bone.  If  I  were  to  state 
my  convictions  I  would  say  that  probably  none  of  the  transverse  fractures  were 
united  by  bone ;  and  that  only  a  small  proportion  of  the  vertical  and  comminuted 
fractures  were  thus  united.'  1 

Mr.  Hutchinson 2  also  says,  '  No  proof  has  yet  been  afforded  that  transverse 
fractures  of  the  patella  with  considerable  separation  at  the  time  ever  unite  by  bone. 
The  only  proof  which  we  ought  to  accept  on  this  point  is  the  section  of  a  specimen 
concerning  which  the  history  is  definite.  There  may  be  such,  but  I  do  not  know 
where  to  refer  to  them.' 

There  is,  however,  in  the  Musee  Dupuytren  a  specimen  3  which  bears  this  test, 
and  must  be  considered  by  any  one  who  sees  it  an  undoubted  instance  of  osseous 
union ;  the  irregularity  of  the  fractured  surfaces  are  visible  and  a  section  has  been 
made.  The  vertical  measurement  of  this  patella  is  increased  by  at  least  an  inch,  and 
the  uniting  bone  is  thinner  than  the  rest  of  it,  so  as  to  present  a  transverse  depression 
on  the  front  aspect  at  the  level  of  the  new  bone  ;  in  place  of  the  normal  double 
articular  facet  one  sees  now  only  one,  deeper,  and  corresponding  to  the  external 
condyle,  upon  which  it  exactly  fits.  In  this  case  bony  union  could  not  have  been 
due  to  bony  contact  of  the  fractured  edges  during  treatment.  When  looking  at  this 
specimen  and  noticing  the  comparative  thinness  of  the  uniting  bone,  and  remember- 


1  Hamilton,  Fracture  of  Patella,  p.  93. 

2  Med.-Chir.  Trans,  vol.  Hi.  p.  333,  prop,  xviii. 


3  M.  Houel's  Catalogue,  No.  201. 
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ing  also  the  greater  tendency  for  the  patella  to  break  than  for  the  ligamentum 
patellae  or  quadriceps  extensor  tendon  to  rupture,  I  could  not  resist  the  conclusion 
that  fibrous  union  was  probably  more  secure  than  osseous,  and  that  the  surgeon 
might  well  be  content  with  the  method  nature  adopts.  The  frequency  in  second 
and  third  accidents  to  the  same  patella  with  which  the  bone  gives  way  in  another 
place  rather  than  the  uniting  fibrous  tissue  of  the  former  fracture,  leads  one  also 
to  this  conclusion.  When  bony  union  fails,  the  uniting  fibrous  tissue  as  well  as  the 
fragments  are  abundantly  supplied  with  blood-vessels,  so  that  their  nutrition  is 
good,  as  is  often  shown  by  the  increased  size  of  the  fragments  some  time  after 
union  has  occurred. 

Another  specimen  of  true  osseous  union  is  in  the  Museum  of  the  Royal  College 
of  Surgeons  of  Ireland,  having  been  placed  there  by  the  late  Mr.  Kirby.  Mr.  W. 
J.  Wheeler  of  Dublin  exhibited  in  1878  to  the  Pathological  Society  of  Dublin  a 
specimen  removed  from  a  patient  who  died  of  phthisis  three  years  after  he  had  been 
treated  for  transverse  fracture  of  patella,  with  2§  inches  separation,  by  means  of  Mr. 
Wheeler's  pads  and  a  starched  bandage.  The  man,  aet.  21,  had  been  able  subsequent 
to  the  fracture  to  get  up  and  down  a  milk-cart  240  times  a  week ;  the  movement  of 
the  patella  was  perfect,  and  there  was  no  wasting  of  the  quadriceps  muscle.  Firm 
osseous  union  had  occurred.  Another  is  figured  by  Bryant,1  and  described  in  the 
Guy's  Reports  ;  2  the  specimen  is  in  Guy's  Museum,  and  a  vertical  section  of  it 
shows  the  osseous  nature  of  the  union.  The  Hunterian  Museum  contains  a 
specimen,  from  Liston's  collection,  of  transverse  fracture  of  the  patella,  the  portions 
of  which  are  in  close  apposition  and  in  part  united  by  bone.  This  case  is  described 
in  the  paper  by  Mr.  Gulliver,  who  was  of  opinion  that  '  osseous  union  is  simply  the 
effect  of  immovable  coaptation  of  the  fragments,  the  provision  for  which  is  the  in- 
tegrity of  the  aponeurosis  in  front  of  the  bone.'3  The  Hunterian  Museum  contains 
another  specimen  in  which  the  fragments,  separated  two  inches,  are  united  by  liga- 
ment in  which,  close  to  the  fractured  edges,  are  some  nodular  masses  of  bone. 
After  fracture  of  the  patella  the  new  bone  appears  to  be  formed  from  the  broken 
edges  of  the  old. 

As  a  rule  the  uniting  medium  is  ligamentous,  the  length  of  which,  according  to 
Hamilton,4  varies  from  one  quarter  of  an  inch  to  five  inches,  but  of  all  his  127  cases 
there  are  only  five  in  which  the  new  ligament  is  more  than  one  and  a  half  inches  in 
length.  In  St.  Thomas's  Hospital  Museum  are  two  specimens  in  which  the  liga- 
mentous union  is  six  inches  or  more  in  length.  In  primary  cases  it  is  about  half 
an  inch.  Sometimes,  however,  the  fragments  remain  ununited  altogether,  thus 
leaving  the  knee-joint  open  in  front  except  for  the  integuments.  Such  a  condition 
is  seen  in  No.  207  in  the  Musee  Dupuytren  ;  the  two  fragments,  separated  by  an 
interval  of  five  centimetres,  are  completely  free  of  one  another,  but  the  fractured 
edge  of  the  upper  one  is  fixed  by  a  band  of  new  tissue  to  the  edge  of  the  trochlear 
surface  of  the  femur.  Not  unfrequently  when  the  fragments  remain  ununited  they 
are  connected  with  each  other  merely  by  a  portion  of  the  fibrous  capsule  of  the  knee- 
joint,  thickened,  and  having  incorporated  with  it  the  bursa  naturally  existing  on  the 
front  of  the  patella.  In  this  case,  the  aponeurotic  structure  may  pass  either  from 
the  periosteal  surface  of  one  fragment  to  that  of  the  other,  or  it  may  be  reflected 
over  both  fractured  surfaces ;  or,  what  appears  to  be  the  most  common  deviation,  it 
may  pass  from  the  periosteal  surface  of  the  upper  fragirent  to  the  articular  edge  of 
the  lower,  as  seen  in  the  engraving  (fig.  17G).  Of  thirty-one  specimens  examined 
by  Mr.  William  Adams,  to  whom  we  are  indebted  for  these  observations,  fifteen 
were  examples  of  ununited  fracture,  twelve  of  true  ligamentous  union,  and  four 
were  doubtful  from  their  being  dried.5 

1  Bryant,  Practice  of  Surgery,  vol.  ii.  p.  42G,  3rd  ed. 

2  Guy's  Hos/>.  Repis.  ser.  i.  vol.  vi. 

3  George  Gulliver,  '  Experiments  and  Observations  concerning'  Fractures  of  the  Patella/ 
Edin.  Med.  and  Surg.  Journ.  vol.  xlvii.  p.  164,  \6&7 .  Gulliver  relates  a  case  of  comminuted 
fracture  in  a  man,  aet.  35,  which  completely  united  by  bone. 

4  Hamilton,  Fracture  of  the  Patella,  p.  93. 

s  Transactions  of  the  Pathological  Society  of  London,  vol.  xiii.  p.  179. 
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Often  there  is  such  a  degree  of  firmness  of  the  uniting  medium,  especially  when 
it  does  not  exceed  an  inch,  and  the  fragments  are  so  firmly  fixed  to  one  another,  as 
to  give  rise  to  the  impression  that  they  have  united  by  bone ;  but  this  changes,  and 
after  the  patient  has  been  going  about  for  a  few  weeks  or  months  not  only  is  the 
ligament  more  pliable,  but  a  wider  interval  exists  between  the  fragments  owing  to 
the  gradual  yielding  of  the  new  material.  This  widening  may  extend  uniformly 
across  the  whole  width  of  the  bone  ;  or  it  may  occur  at  one  side  only,  oftener  the 
inner  side  ;  or  it  may  occur  unequally,  as  in  Coale's  case,  in  which  the  interval  at 
the  outer  edge  was  one  inch,  and  at  the  inner  one-eighth  of  an  inch,  although  at 
first  after  union  there  was  no  appreciable  division  between  them.1  Hamilton  has 
noticed  this  lateral  tilting  in  four  cases  ;  Malgaigne  and  Boyer  also  allude  to  it. 
Besides  occurring  subsequently  to  treatment,  it  may  result  from  treatment  by  any 

Fig.  175..— Fracture  of  the  Patella,  Fig.  176 —Fracture  of  the  Patella; 

united    by   Ligamentous    Tissue.  the  Band  of  Union  passing  from 

(From  tlic  Westminster  Hospital  the  Periosteal  Surface  of  the  Upper 

Museum,  and  shown  by  Mr.  Holt-  to  the  Articular  Surface  of  the 

house  at  the  Pathological  Society.)  Lower    Fragment.      (From  St. 

Thomas's  Hospital  Museum.) 


form  of  adjustment  which  presses  horizontally  upon  the  oblique  upper  edge  of  the 
patella.  Other  results  of  ill-applied  pressure  are  the  tilting  forwards  of  the  fractured 
edges  and  the  lateral  displacement  of  the  united  bone.  Either  of  these  conditions 
adds  to  the  after  inefficiency  of  the  joint  and  leads  to  irregular  movement  of  the  patella 
over  the  surface  of  the  femur. 

Impaired  mobility  and  stability  follow  recovery,  and  last  for  a  long  time, 
sometimes  for  the  rest  of  life ;  and  though  in  most  cases  the  joint  is  fairly  useful 
at  the  end  of  a  year,  it  is  not  to  be  expected  that  its  functions  will  be  restored 
completely  in  less  than  two  years ;  probably  it  will  never  be  possible  to  flex  the  leg 
on  the  thigh  to  the  same  angle  as  before.  No  forcible  attempts,  however,  ought  to 
be  made  to  overcome  the  anchylosis,  whether  this  be  due  simply  to  unused  ligaments 
or  to  inflammatory  thickening.  The  process  of  restoration  is  uncertain,  but  must 
be  slow.  Nor  must  it  be  forgotten  that  fracture  of  one  patella  predisposes  to  fracture 
of  the  other,  or  to  refracture  of  the  same  from  the  general  insecurity  under  which 

1  Coale,  Boston  Med.  and  Swy.  Journ.  vol.  liv.  p.  402. 
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the  subjects  of  such  accidents  labour,  and  though  Hamilton's  figures  1  show  that  in 
only  two  cases  out  of  27  in  which  refracture  occurred  did  the  second  injury  take 
place  later  than  five  months  after  the  first,  yet  the  necessity  of  great  care  in  the 
use  of  the  limb  for  several  months  after  the  accident  is  thus  very  clearly  indicated. 
Refracture  may  occur  in  one  of  two  ways,  either  by  the  uniting  ligament  yielding, 
or  more  frequently  by  the  bone  giving  way  at  another  point.  Bryant  figures  a  case 
in  which  the  bone  had  been  broken  in  four  places  :  I  have  seen  a  case  in  which  it 
was  broken  in  three. 

Treatment. — In  his  latest  writings  on  the  subject,2  Hamilton  remarks,  '  Our 
investigations  have  brought  us  to  conclude  that  in  a  large  majority  of  cases,  under 
any  plan  of  treatment,  a  fibrous  union  of  the  fragments  is  all  that  can  be  expected, 
and  that  probably  a  fibrous  union,  with  only  a  separation  of  a  half  or  three-quarters 
of  an  inch,  is  as  useful  as  a  bony  union.'  To  obtain  the  shortest  possible  ligamentous 
union,  jwssibly  even  an  osseous  one,  with  the  least  danger  to  limb  or  life,  complete 
muscular  relaxation  and  direct  pressure  upon  the  fragments  are  the  two  require- 
ments. The  first  is  obtained  by  flexing  the  thigh  on  the  trunk  and  extending  the 
leg  on  the  thigh.  Numerous  means  have  been  devised  for  approximating  the 
fragments  by  direct  pressure,  but  it  will  be  neither  possible  nor  desirable  to  enumerate 
them  all  here.  A  question  may  arise,  however,  whether  any  apparatus  for  adjustment 
should  be  applied  immediately,  or  be  deferred  till  all  inflammation  and  effusion  into 
the  joint  have  disappeared.     The  strongest  argument  in  favour  of  immediate 

Fig.  177. — Plan  of  treating  Fracture  of  Patella  adopted  in  Middlesex  Hospital. 


adjustment  is  derived  from  the  fact  that  the  extensor  muscles  go  on  contracting  for 
some  days  after  the  fracture ;  so  that  not  only  is  the  upper  fragment  still  further 
separated  from  the  lower,  but  the  muscles  become  so  shortened  that  the  fragments 
cannot  be  brought  into  contact  with  each  other  after  the  inflammation  has  subsided. 
On  the  other  hand,  if  the  inflammation  in  the  joint  is  severe,  appliances  for  forcibly 
approximating  the  fragments  would  be  injurious,  and  some  postponement  absolutely 
necessary.  In  any  case  the  thigh  should  be  flexed  on  the  trunk  with  the  limb 
extended,  and  as  a  rule  the  fracture  should  be  set  without  delay,  cold  being  applied 
over  the  joint  to  keep  down  inflammation  and  swelling.  To  bring-  the  fragments 
together  they  may  be  acted  on  longitudinally  by  the  method  of  Dr.  Sanborn,  of 
Lowell,  U.S.,  who  fixes  a  long  strip  of  sticking-plaster,  two  inches  and  a  half  wide, 
in  front  of  the  limb,  from  the  upper  portion  of  the  thigh  to  the  middle  of  the  leg, 
leaving  at  the  knee  a  free  loop.  A  bandage  being  applied  above  and  below  the  knee, 
for  the  purpose  of  securing  the  plaster  and  controlling  the  circulation  and  muscular 
contraction,  a  small  stick,  six  or  eight  inches  in  length,  is  put  through  the  loop  over 
the  knee,  and  the  plaster  twisted  until  the  fragments  of  the  patella  are  brought  into 
apposition.3  Or  belts  of  leather  may  be  fastened  above  and  below  the  patella,  and 
then  made  to  approximate  by  longitudinal  straps ;  or  Wyeth's  apparatus  may  be 
applied. 

The  plan  now,  and  for  a  long  time  past,  employed  at  the  Middlesex  Hospital, 
and  with  very  satisfactory  results,  is  the  following  : — A  broad  piece  of  moleskin 

1  Hamilton,  Fracture  of  the  Patella,  p.  99.  2  Hamilton,  op.  cit.  p.  100,  1880 

3  Hamilton,  On  Fractures  and  Dislocations,  p.  443. 
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plaster,  cut  out  at  one  border,  somewhat  horseshoe-shaped,  but  with  the  ends  of 
the  curve  prolonged,  is  tixed  to  the  thigh,  so  that  the  curved  edge  is  level  with  the 
normal  position  of  the  patella,  and  is  retained  by  means  of  a  few  turns  of  roller. 
Next  the  iimb  is  fixed  upon  a  well-padded  Mclntyre  or  simple  wooden  back-splint 
having  a  foot-piece.  Then  the  lower  fragment  of  the  patella  is  fixed  by  means  of  a 
pad  of  lint  and  broad  strip  of  plaster  applied  figure-of-eight  fashion  around  limb 
and  splint ;  and  the  bandage  which  confines  the  foot  and  leg  to  the  splint  is  con- 
tinued upwards  as  far  as  this  pad,  which  it  assists  in  fixing.  To  the  prolonged  ends 
of  the  moleskin  plaster  are  sewn  pieces  of  bandage  (pieces  of  moleskin  plaster  of 
different  sizes  cut  to  the  right  shape,  and  having  the  pieces  of  bandage  fastened  on,  are 
always  kept  ready)  which  are  attached  in  turn  to  india-rubber  accumulators,  one  on 
each  side  of  the  leg ;  each  of  the  accumulators  at  its  lower  end  is  fastened  to  a  piece 
of  bandage,  and  these  are  tied  together  below  the  foot-board  of  the  splint.  With  a 
pad  of  lint  at  the  upper  border  of  the  superior  fragment  of  the  patella  beneath  the 
free  edge  of  the  moleskin,  the  requisite  amount  of  tension  is  obtained  by  tightening 
the  tied  pieces  of  bandage. 

Hamilton  no  longer  recommends  the  wooden  inclined  plane,  illustrated  in  his 
work  on '  Fractures  and  Dislocations,'  notched  four  inches  below  the  knee,  to  retain  the 
oblique  turns  of  the  compressing  bandage.  In  its  place  he  employs  a  leather  or 
gutta-percha  splint  made  to  tit  accurately  the  back  and  sides  of  the  knee  and  ex- 
tending a  long  way  above  and  below  the  knee.    This  is  covered  with  a  firm  cotton 

Fiq.  178. — Hamilton's  Mode  of  treating  Fractures  of  the  Patella. 


or  woollen  covering.  A  roller  of  unglazed  cotton  cloth  is  then  turned  round  leg  an  d 
splint  to  within  three  inches  of  the  knee,  and  another  from  the  upper  end  over  splint 
and  thigh  to  within  three  inches  of  the  knee  ;  then,  '  while  an  assistant  approximates 
the  fragments,  the  surgeon  makes  two  or  three  turns  with  a  third  roller  around  the 
limb  and  splint,  close  above  the  knee,  after  which  the  roller  descends  below  the 
knee,  and  an  equal  number  of  circular  turns  are  made  close  below  the  lower  fragment 
of  the  patella ;  and  finally  a  succession  of  oblique  and  circular  turns  are  made  above 
and  below  the  fragments,  which  turns  are  to  approach  each  other  in  front  until  the 
whole  of  the  patella  is  covered,  the  last  turns  being  again  circular.'  Finally  the 
rollers  are  to  be  stitched  along  the  whole  length  of  the  covering  of  the  splint  on  each 
side,  and  the  foot  and  lower  part  of  the  leg  are  raised  from  six  to  nine  inches  above 
the  bed.  The  oblique  turns  of  the  bandage  are  tightened  from  time  to  time  by  over- 
stitching  with  strong  thread. 

The  most  likely  methods  for  procuring  bony  union  are  doubtless  Malgaigne's 
hooks,  and  wiring  the  fragments  together.  The  former  have,  it  appears,  been 
employed  of  late  with  marked  success  by  some  American  surgeons.  Mr.  De  Morgan 
used  to  think  highly  of  them  in  cases  where  there  was  marked  separation  of  the 
fragments.  They  cannot,  however,  be  depended  upon  to  produce  bony  union,  and 
dangerous  inflammation  has  been  set  up  by  their  use. 

The  plan  of  laying  open  the  joint  and  wiring  the  fragments  together  has  been 
employed  in  this  country  by  some  of  the  ardent  advocates  of  Listerism  and  the 
carbolic  spray.  It  is,  however,  certain  that  it  did  not  owe  its  origin  to  the  confidence 
engendered  by  Listerism,  for  it  appears  for  many  years  past  to  have  been  a  recognised 
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method  at  San  Francisco.  Prof.  Cooper 1  of  that  city  writes:  'Our  method  of 
treating  transverse  fractures  of  the  patella,  and  one  which  has  thus  far  been  invari- 
ably successful,  is  as  follows— Make  a  longitudinal  incision,  of  sufficient  length  to 
expose  the  fragments ;  drill  the  anterior  margins  of  them  with  a  drill  one  line  in 
diameter;  then  pass  a  silver  ligature  through  the  holes  thus  made,  and,  by  crossing 
the  ends  and  pulling  stoutly  upon  them,  bring  the  separated  parts  together.  A  knot 
is  then  made  by  twisting  the  ends  of  the  ligatures  together,  which  holds  the  fractured 
portions  of  the  patella,  in  apposition,  by  which  a  bony  union  always  takes  place.'  Prof. 
Cooper  insists  that  the  wound  be  healed  by  granulation,  and  not  by  first  intention  ; 
and  to  this  end  he  places  lint  in  the  wound,  which  ought  to  be  changed  only  once  a 
week,  and  he  keeps  the  limb  firmly  bandaged  from  the  toes  to  the  middle  of  the 
thigh.  He  removed  the  wires  at  the  end  of  six  or  eight  weeks.  He  writes  as 
though  the  cases  do  almost  uniformly  and  thoroughly  well ;  but,  he  adds,  'in  order 
to  have  it  so,  the  keeping  of  the  wound  open  and  the  application  of  the  tight  roller 
are  indispensable.' 

In  this  country  it  was  first  employed  by  Dr.  Hector  Cameron,  of  Glasgow  ;  and 
since  by  Lister;  Henry  Smith,2  and  Royes  Bell  3  at  King's  College,  London;  Holmes 
at  St.  George's,  as  well  as  by  other  English  surgeons,  and  by  Dr.  J.  E.  Yan  der 
Meulen  of  Utrecht.  Two  classes  of  cases  have  been  submitted  to  the  operation — viz. 
recent  fractures,  and  those  of  old  standing,  where  the  degree  of  separation  of  the 
fragments  has  been  from  two  to  two  and  a  half  inches.  Dr.  Van  der  Meulen 
found  in  his  case  a  membrane  adherent  to  the  posterior  surface  of  the  bony  fragments 
which  protected  the  joint.  This  membrane  was  not  broken  down  in  the  operation, 
so  that  the  joint  was  not  opened.  Dr.  Meulen  supposes  it  to  have  been  part  of  the 
synovial  membrane  thickened  by  adhesive  inflammation,  and  recommends  waiting 
about  eight  days  after  the  operation  before  resorting  to  the  metallic  suture  so  as  to 
give  time  for  this  protective  change  to  take  place.  It  is  quite  certain,  however, 
that  in  most,  if  not  all,  of  the  cases  operated  upon  in  this  country  the  joint  has  been 
freely  opened,  and  in  some  instances  skeins  of  horsehair  for  drainage  have  been 
inserted,  and  blood  or  coagulum  has  been  squeezed  or  washed  out  of  it.  In  Smith's 
and  Royes  Bell's  cases  the  quadriceps  tendon  required  division  to  bring  the  fragments 
into  apposition. 

This  method  has  but  few  converts,  and  many  think  with  Dr.  Hamilton,4  who 
writes  :  '  I  feel  in  duty  bound  to  say  that  it  is  offering  a  very  grave  and  dangerous 
substitute  for  other  perfectly  safe,  and,  so  far  as  is  yet  proven,  equally  efficient 
methods ;  it  is  hazarding  the  life  of  the  patient  without  offering  any  equivalent.'  5 

Possibly  we  have  been  under  a  misapprehension  as  to  the  degree  of  interference 
which  the  great  joints  of  the  body  will  tolerate,  as  we  were  respecting  the  kidney, 
the  bladder,  and  the  peritonaeum;  but  for  the  present,  and  for  all  but  most  excep- 
tional cases  of  old-standing  or  compound  fracture,  it  would  be  wiser  to  put  up  with 
the  defect  rather  than  undergo  the  risk  of  the  remedy ;  and  .to  have  resort  to  an 
artificial  support  like  the  wise  young  lady  referred  to  by  Mr.  Henry  Smith.6 

Mr.  Macnamara,7  in  two  cases,  after  drawing  off  the  serous  fluid  from  the  joint, 
has  revived  the  practice  of  Dieffenbach,8  by  dividing  the  insertion  of  the  quadriceps 
into  the  patella,  and  he  was  thus  able  by  splint,  compress,  and  bandage  to  bring 

1  Med.  Times  and  Gaz.  Nov.  2,  1861,  p.  467. 

2  Hf  nry  Smith,  Lancet,  Aug.  3,  1878,  p.  144. 

3  Royes  Bell,  Lancet,  Nov.  1,  1879,  p.  G57;  Rose,  Lancet,  Nov.  22,  1879;  see  also 
Lancet,  Nov.  29,  1879. 

4  Hamilton,  Fracture  of  the  Patella,  p.  101. 

5  See  also  Mr.  Holmes'  remarks,  St.  George's  IIosp.  Repts.  vol.  x.  p.  497-8.  Since  this 
article  was  written  an  admirable  criticism,  in  which  I  eutirely  agree,  on  the  operation  of 
cutting  down  upon  the  patella,  and  wiling  together  the  fragments,  has  been  communicated  by 
Mr.  Win.  Thomson  of  Dublin  to  the  Surgical  Section  of  the  Brit.  Med.  Assoc.  meeting  at 
Worcester.  The  title  of  the  paper  suggests  a  further  risk  than  the  operation  itself,  to  which 
patients  so  treated  are  liable  ;  it  is  '  A  case  of  Compound  Refracture  of  the  Patella  in  w  hich 
the  fragments  had  been  already  sutured.'    See  Brit.  Med.  Joum.  Aug.  20,  1882. 

0  Lancet,  Aug.  3,  1878,  p.  145. 

7  Letter  from  Mr.  Pearce  Gould,  in  Lancet,  Nov.  29,  1879. 

8  Caspar's  Wochenschrift.  No.  40,  1842. 
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the  fragments  into  apposition,  so  as  in  one  case  to  obtain  what  was  supposed  to  be 
osseous  union  ;  in  the  other  it  was  known  not  to  be  osseous  union. 

The  possibility  of  bringing  the  fragments  together  after  dividing  this  tendon,  but 
not  before,  as  shown  by  these  cases  and  also  by  some  in  which  wiring  of  the  bone  was 
performed,  proves  that  the  difficulty  of  securing  them  in  apposition  is  not  always 
exactly  in  proportion  to  the  amount  and  duration  of  the  swelling,  as  has  been 
asserted,  but  that  the  muscle  does  in  some  cases  at  least  offer  an  impediment  to  this 
approximation. 1 

Mr.  Lund,  of  Manchester,  has  recently  drawn  attention  to  a  plan  which  he  has 
adopted  with  good  result,  viz.  transfixing  each  fragment  of  the  patella  by  a  stout 
steel  needle  (so  fashioned  at  the  point  as  to  act  as  a  drill)  from  side  to  side,  and  then 
holding  them  in  apposition  by  a  twisted  suture  on  either  side,  passed  over  the  ends 
of  both  needles.  Great  care  must  be  taken  to  drill  the  pins  horizontally  through  the 
patella  away  from  the  cartilaginous  surface,  so  that  the  integrity  of  the  knee-joint  will 
not  suffer  injury.    (See  paper  Med.  Soc.  of  Lond.  1882.) 

Oilier,  Gougon,  and  Wyeth ,2  have  injected  between  the  fragments  fresh  marrow 
cells  ;  but  I  am  not  aware  of  this  plan  having  been  followed  by  bony  union. 

In  all  cases  of  refracture  the  same  plan  of  treatment  should  be  adopted  as  is 
recommended  for  primary  fracture,  and  it  should  be  continued  longer. 

Malgaigne's  hooks  may  here  be  found  of  great  service,  but  my  own  experience  of 
them  is  limited  to  seeing  them  employed  on  one  or  two  occasions  by  Mr.  De  Morgan. 
The  prognosis  of  refracture  is  less  favourable,  although  if  the  refracture  does  not  occur 
later  than  the  third  or  fourth  month,  permanent  reunion  with  a  short  ligament  may 
be  looked  for.  Gentle  use  of  the  limb,  friction  and  electricity  are  the  remedies  after 
the  fifth  month  from  the  fracture  or  refracture,  by  which  time  supporting  apparatus 
should  be  laid  aside. 

The  average  period  for  which  retentive  apparatus  should  be  applied  is  from 
thirty-five  to  forty  clays ;  if  it  be  removed  earlier,  or  if  the  patient  go  about  too  soon, 
or  if  the  fragments  have  not  been  properly  adjusted  in  the  first  instance,  the  inter- 
vening ligament  will  be  long  and  weak,  or  union  may  be  wanting  altogether.  On 
the  contrary,  a  too  prolonged  confinement  of  the  limb  is  apt  to  terminate  in  permanent 
stiffness.  It  is  pretty  generally  admitted  that  the  shorter  the  connecting  medium 
between  the  fragments,  the  stronger  and  the  more  useful  will  be  the  limb  ;  but  the 
degree  of  restoration  of  which  the  joint  is  capable,  where  there  is  no  union,  or  an 
elongated  bond  of  union,  differs  in  different  cases.  A  British  soldier  seen  by  Hamilton 
twenty-nine  years  after  the  injury  was  able  to  walk  well,  though  there  was  no  union 
and  five  inches  separation  of  the  fragments,  and  Mr.  Bryant  3  at  the  Medical  Society 
spoke  of  a  coal-porter '  who  was  able  to  walk  over  a  plank,  or  go  up  a  ladder  with  perfect 
ease,  although  the  separation  of  the  fragments  in  his  case  was  near  ly  four  inches.' 

If  there  be  much  early  swelling,  it  will  be  due  to  effusion  of  blood  into  the  joint, 
and  it  will  be  advantageous  to  withdraw  the  bulk  of  it  with  the  aspirator,  and  then 
at  once  to  apply  the  pads  and  bandages.  I  have  used  the  aspirator  with  good  re- 
sult in  several  cases.  Probably  there  is  always  blood  effused  into  the  joint  when 
the  patella  is  fractured,  but  as  a  rule  the  amount  is  not  large  and  it  is  rapidly 
absorbed.  In  other  cases,  if  very  acute  inflammation  and  effusion  occur  after  the 
fracture  has  been  set,  it  will  be  necessary  to  leave  off  all  pads  for  a  few  days  or 
longer,  and  treat  the  inflamed  joint  on  ordinary  principles. 

In  the  treatment  of  vertical  and  oblique  fractures  of  the  patella  the  limb  must 
be  placed  in  the  extended  position  on  a  Maclntyre,  or  an  ordinary  back  splint  with 
a  foot-piece  ;  and  the  fragments  should  be  brought  together  by  firm  pads,  applied  on 
each  side  of  the  bone,  and  fixed  there  by  a  few  turns  of  a  roller.  In  some  cases 
where  the  fracture  is  longitudinal  and  the  patient  very  quiet  and  manageable,  it  is 
not  even  necessary  to  apply  a  splint,  but  any  unconscious  movement  of  the  thigh 
can  be  checked  by  a  broad  roller  passed  over  the  affected  limb  and  beneath  the  other 
thigh,  and  tied  down  to  either  side  of  the  bedstead. 


1  Hutchinson,  Med.-Chir.  Soc.  Trans,  vol.  lii.  pp.  332  and  333. 

2  Medical  Record,  May  11,  1878.  3  Lancet,  Nov.  22,  1879,  p.  768. 
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Compound  fracture  of  the  patella  is  the  result  of  direct  violence.  It  is  a  very 
serious  and  fatal  injury.  Poland,1  shows  that,  out  of  85  cases,  the  joint  suppurated 
in  63 ;  20  cases  died,  and  of  the  65  which  recovered,  31  had  more  or  less  complete 
anchylosis  of  the  joint.  In  all  cases  except  the  old  and  enfeebled  an  attempt  ought 
to  be  made  to  save  the  limb.  All  loose  fragments  of  bone  and  all  dirt  should  be 
scrupulously  removed  ;  the  parts  should  be  well  washed  with  iodine  solution  or 
carbolic  lotion,  and  the  wound  should  be  kept  covei-ed  with  tfrebene  oil  (1  in  6)  and 
over  this  a  thick  layer  of  absorbent  wool.  Of  course  the  limb  must  be  fixed  in 
splints  so  as  to  secure  the  most  complete  quiet,  and  the  bed-mattress  should  so  be 
divided  and  arranged  that  the  bed-pan  can  be  passed  beneath  the  patient  without 
moving  him  at  all ;  this  can  be  done  by  withdrawing  a  square  block  of  the  mat- 
tress. I  consider  this  a  most  important  detail  in  the  treatment  of  all  cases  of  ex- 
cision of  the  knee,  or  after  laying  open  the  knee  for  suppuration.  It  is  in  com- 
pound fracture  of  the  patella  that  wiring  the  fragments  together  will,  I  imagine, 
receive  the  most  approval. 

West 2  describes  a  case  of  wound  over  the  patella  in  which  a  piece  was  chipped 
out  of  that  bone. 

Rupture  of  the  lig amentum  patella?.3 — This  accident  is  exceedingly  rare  compared 
with  fracture  of  the  patella.  Mr.  Jonathan  Toogood  has  reported  a  very  graphic 
description  of  this  injury  given  by  the  patient  himself.  The  ligamentum  patella? 
was  torn  away  from  the  tibia  in  'the  act  of  making  a  violent  spring  forwards 
whilst  running  rapidly,  a  sudden  shock  and  a  tremendous  fall  immediately  occurred, 
the  patient  walked  limpingly  three-quarters  of  a  mile  home,  and  shortly  after 
rapid  swelling  of  the  joint  took  place  ;  recovery  with  a  very  useful  limb  fol- 
lowed, the  man  being  able  to  walk  and  ride  on  horseback  very  well.  Subsequently 
he  again  ruptured  the  ligament  in  the  same  way,  and  again  in  about  three  months  he 
was  able  to  walk,  but  always  with  a  stick.  If  after  the  second  injury  he  brought 
his  thigh  into  a  horizontal  position  with  the  leg  unsupported,  it  would  immediately 
fall  to  a  right  angle,  and  he  could  not  extend  his  leg  again,  though  he  could  move 
it  backwards  and  sideways.  Mr.  Toogood  affirms  that  the  ligament  had  been  torn 
from  the  tibia  j  that  when  seen  four  years  afterwards  the  patella  was  drawn  up  and 
fixed  in  front  of  the  thigh,  and  that  the  knee-joint  was  therefore  quite  uncovered. 
Mr.  Shaw  has  recorded4  two  cases  of  simultaneous  rupture  of  the  ligaments  of  both 
patella? ;  both  were  men  of  middle  age,  both  of  active  habit,  one  light,  the  other 
powerful  and  heavy ;  in  both  the  accident  occurred  by  catching  the  heel  of  the  boot 
in  a  step  whilst  descending  some  stairs  ;  in  one  case  the  ligaments  were  both  torn 
away  from  the  tubercles  of  the  tibia?,  and  in  the  other  both  ligaments  were  torn 
across  close  to  the  apices  of  the  patella?. 

In  the  first  case  there  was  no  union  of  the  ligament  to  the  tibia,  but  a  depression 
into  which  the  points  of  the  fingers  could  be  deeply  pressed  was  felt  between  the 
tubercle  and  the  patella.  '  When  the  patient  exerted  the"  extensor  muscles  to  lift  a 
weight — say  a  footstool — with  the  point  of  his  foot  from  the  ground,  the  action  caused 
the  patella  to  be  jerked  about  an  inch  upwards  on  the  thigh,  above  the  proper 
articular  surface,  and  with  a  sudden  pain  which  obliged  him  quickly  to  replace  the 
bone  by  pushing  it  downwards.' 

In  the  cases  in  which  the  ligaments  do  not  again  unite  with  the  tibia,  Mr.  Shaw 
thinks  the  extensor  power  enjoyed  by  the  limb  is  due  to  the  fact  that  the  several 
portions  of  the  quadriceps  extensor  tendon  passing  down  to  the  head  of  the  tibia 
become  substitutes  for  the  ligamentum  patellae,  and  to  a  greater  or  less  degree  perform 
its  offices. 

The  treatment  is  the  same  as  for  fracture  of  patella,  and  if  it  be  resorted  to  early, 
excellent  results  may  be  obtained.  Mr.  Chiene  8  reports  a  case  in  which  recovery 
was  perfect  after  eight  weeks,  the  treatment  adopted  being  the  same  as  that 

1  Poland,  Med.-CMr.  Trans,  vol.  liii.  p.  49.  8  West,  Lancet,  Nov.  13,  1880. 

8  Toogood,  Prov.  Med.  and  Surg.  Journ.  p.  469,  1843. 

i  Path.  Trans,  vol.  v.  p.  249  et  seq. 

5  (Jbiene,  Brit.  Med.  Journ.  vol.  i.  p.  390,  1877. 
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usually  employed  in  the  Middlesex  Hospital  for  fracture  of  the  patella  and  descrihed 
above. 

Mr.  Shaw  also  mentions  the  case  of  a  boy  £et.  17  who  tore  the  tubercle  along  with 
the  ligamentum  patellae  from  the  tibia — the  tubercle,  being  an  epiphysis,  had  not 
united  to  tbe  shaft.    Union  occurred  as  in  common  fracture. 

Fracture  of  the  Leg. 

Although  each  of  the  bones  of  the  leg  may  be  fractured  separately,  it  is  most 
common  for  both  to  be  broken.  Of  289  fractures  of  the  leg  admitted  in  the  Middlesex 
Hospital  between  the  years  1831  and  1837,  197  were  of  both  bones,  51  of  the  fibula, 
and  41  of  the  tibia.1  Of  427  admitted  into  the  same  hospital  during  the  ten  years 
from  1870  to  1879,  168  were  of  the  tibia  and  fibula,  178  of  the  fibula  alone,  and  81 
of  the  tibia.  Taking  these  figures  collectively,  we  find  that,  out  of  716  fractures  of 
the  leg,  365,  or  more  than  one -half  the  whole  number,  involved  both  bones  ;  229  im- 
plicated the  fibula  alone,  and  122  the  tibia  alone. 

The  extreme  rarity  of  these  fractures  in  infancy  and  childhood  is  a  remarkable  fact, 
especially  if  contrasted  with  the  great  frequency  of  fractures  of  the  femur  in  early 
life,  Of  515  cases  collected  by  Malgaigne,  but  one  was  as  young  as  4  years,  and  only 
12  were  met  with  between  5  and  15  years  of  age. 

My  own  figures  obtained  from  the  registers  of  the  Middlesex  Hospital  show  a 
much  larger  percentage  than  Malgaigne's,  though  they  also  testify  to  the  far  greater 
frequency  of  fracture  of  the  bones  of  the  leg  after  than  during  childhood  :  thus,  of 
427  cases,  9  occurred  in  children  4  years  of  age  or  less,  and  32  between  the  ages  of 
4  and  12  years.  Of  163  cases  of  fracture  of  both  bones,  in  which  the  age  is  stated, 
4  were  in  children  under  4  years  of  age  (2  of  them  being  2  years  and  one  2  years 
old)  and  9  under  12  years  of  age.  Of  176  cases  in  which  the  age  is  stated,  of 
fracture  of  the  fibula  alone,  2  were  under  4  years,  and  4  others  under  12,  but  above 
4  years.  And  of  81  cases  of  fr  acture  of  the  tibia  alone,  3  were  in  children  under  4 
years  of  age  and  19  hi  children  between  4  and  12  years. 

Fractures  of  the  Tibia. 

Fractures  of  the  tibia  alone  are  generally  the  result  of  direct  violence,  such  as 
a  kick  from  a  horse,  or  from  a  man ;  or  a  blow  from  some  heavy  body.  Occasionally 
it  is  broken  even  in  its  upper  parts  by  indirect  violence,  as  a  fall  upon  the  foot.2 
The  seat  of  fracture  is  more  commonly  the  lower  than  the  upper  or  middle  third  of 
the  bone. 

The  direction  of  the  fracture  is  generally  the  same  in  whatever  part  of  the  shaft 
it  occurs ;  most  frequently,  when  oblique,  it  is  from  above  downwards,  and  from 
without  inwards ;  sometimes,  however,  it  is  from  above  downwards,  and  from 
within  outwards,  or  from  above  downwards,  and  from  before  backwards,  or  from 
behind  forwards.  I  have  seen  one  or  two  instances  in  which  the  obliquity  of  the  frac- 
ture has  been  of  this  latter  kind,  viz.  from  above  downwards  and  from  behind  for- 
wards ;  they  were  both  fractures  near  the  knee-joint.  Arertical  fractures  sometimes 
extending  up  into  the  knee-joint  may  be  continuous  with  a  transverse  or  oblique 
fracture  of  the  shaft.  Sometimes  the  bone  is  broken  transversely,  and  this  circum- 
stance, together  with  the  integrity  of  the  fibula,  renders  displacement  of  the  fractured 
ends  improbable,  and  the  diagnosis  of  the  injury  correspondingly  difficult.  I  have 
known  a  patient  with  transverse  fracture  of  the  tibia,  without  displacement,  walk 
into  and  out  of  a  hospital,  the  fracture  not  being  detected  until  two  days  afterwards 
when  she  returned,  the  fragments  having  become  markedly  mobile,  but  still  not  dis- 
placed. I  have  also  recorded  3  the  case  of  a  lad  who  had  been  going  about  for  a  long 
time  with  an  ununited  transverse  fracture  of  the  tibia,  the  fibula  having  in  course  of 
time  become  incurved,  so  as  to  act  as  a  lateral  buttress  to  the  broken  tibia.  Com- 

1  Lonsdale,  op.  tit.  p.  19. 

2  Jalland,  W.  H.,  of  York,  Brit.  Med.  Journ.  vol.  i.  1876,  p.  71. 

3  Path.  Soc.  Trans,  vol.  xxxii. 
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minuted  fractures  and  double  fractures  '  of  the  same  tibia  may  occur  without  the 
fibula  being  broken. 

Fractures  of  the  tibia  alone  may  be  followed  by  shortening,  sometimes  even 
marked  shortening,  and  then  the  fibula  becomes  incurved,  and  often  hypertrophied 
at  the  same  time,  and  the  superior  and  inferior  tibio-fibular  joints  become  relaxed. 

In  some  fractures  near  to  the  ankle-joint,  when  the  injury  is  caused  by  a  fall, 
and  not  by  a  direct  blow,  there  may  be  displacement,  although  the  fibula  remain 
entire ;  for  the  weight  of  the  body  will  continue  the  force  onwards  after  the  tibia  is 
broken,  and  so  produce  a  distortion  in  the  position  of  the  foot  and  ankle  joint, 
according  to  the  direction  in  which  the  force  is  applied.  Thus,  in  a  fracture  of  the 
lower  end  of  the  tibia,  about  an  inch  or  an  inch  and  a  half  above  the  ankle,  that 
portion  of  the  bone  connected  with  the  astragalus  will  move  in  whatever  direction 
the  foot  is  forced,  and  so  may  be  twisted  upon  the  shaft  of  the  bone,  or  pushed  back- 
wards or  forwards  to  a  sutficient  extent  to  produce  a  marked  distortion.'  2 

Diagnosis. — When,  from  the  absence  of  all  displacement  of  the  fragments,  the 
existence  of  fracture  is  doubtful,  it  may  be  suspected  if  pain  constantly  persists  in 
one  part  of  the  bone,  if  this  pain  be  increased  by  pressure,  and,  above  all,  by  bearing 
any  weight  on  the  limb;  but,  to  convert  suspicion  into  certainty,  the  limb  should  be 
firmly  grasped  above  and  below  the  suspected  fracture,  and  attempts  made  to  bend 
it  ;  by  its  yielding  to,  or  resisting  the  force  applied,  we  ascertain  whether  it  is 
broken  or  otherwise. 

Fractures  of  the  tibia  involving  the  knee-joint. — Fractures  at  the  upper  end  of 
the  tibia  are  of  importance  on  account  of  their  proximity  or  actual  extension  into 
the  knee-joint  and  of  the  consequent  inflammation  in  and  anchylosis  of  the  joint. 
One  or  other  tuberosity  may  be  broken  off,  or  what  is  more  frequent  a  transverse  or 
oblique  fracture  in  the  upper  third  of  the  shaft  is  combined  with  a  vertical  fracture 
running  upwards  into  the  joint  between  the  two  tuberosities.  This  apparently 
results  from  the  inferior  fragment  being  forced  upwards  into  the  upper,  and  it  may 
occur  without  fracture  of  the  fibula. 

In  these  cases  effusion  very  rapidly  takes  place  into  the  joint,  and  blood  may. 
also  escape  into  it ;  there  will  be  increased  breadth  of  the  head  of  the  tibia  owing 
to  the  displacement  laterally  of  one  or  other  of  the  tuberosities,  and  crepitus  will 
be  easily  made  out.  In  the  Museum  in  Paris  there  is  a  specimen  showing  an  in- 
complete vertical  fracture  of  this  sort,  only  a  fissure  being  apparent  in  front,  but 
slight  separation  posteriorly;  but,  instead  of  the  bone  being  fractured  transversely 
below  the  tuberosities,  the  vertical  fissure  is  continued  into  a  spiral  fracture  very 
obliquely  directed  from  above  downwar  ds,  and  from  without  inwards,  and  terminated 
at  the  middle  of  the  shaft. 

Dr.  Hutton  3  has  recorded  two  cases  of  fractures  of  the  tibia  involving  the  knee- 
joint  ;  in  one  case  in  which  the  fibula  had  quite  escaped,  the  external  tuberosity  was 
separated,  except  for  some  fibrous  connections,  fr  om  the  rest  of  the  tibia,  and  a 
vertical  transverse  split  passed  down  the  bone  to  within  three  inches  of  its  lower 
extremity,  and  at  about  its  upper  fourth  the  anterior  fragment  was  broken  across ; 
ia  the  other  case,  which  was  compound,  air  was  detected  in  the  knee-joint ;  the 
patient  died  from  erysipelas  and  suppuration  of  the  leg,  but  the  knee-joint  was  not 
infiamed. 

The  treatment  for  these  fractures  is  a  Maclntyre  splint  and  the  application  of 
cold  to  the  knee-joint. 

Fracture  of  the  spine  of  the  tibia. — A  singular  fracture  of  a  tibia,  of  which  fig. 
179  is  an  illustration,  is  preserved  in  the  Richmond  Hospital  Museum  (N.  85)  at 
Dublin.    The  following  description  is  abstracted  from  Dr.  Hutton's  account  of  it. 

Christopher  M.,  set.  25. — In  this  specimen  we  see  the  knee-joint  laid  open,  showing  a 
singular  fracture  of  the  tibia.  The  spine  and  central  portion  of  the  head  of  the  bone,  with  a 
considerable  portion  of  its  left  articular  surface,  have  been  torn  up  from  the  rest  of  the  bone 


1  lalland,  W.  II.,  op.  cit. ;  and  case  of  M.  Lize,  of  Le  Mans,  1858,  and  another  of 
Desault  in  the  Musee  Dupuvtren. 

2  Lonsdale,  On  Fractures,  p.  110.  3  Dublin  Hospital  Gazette,  1840,  p.  171. 
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in  one  piece,  and  remain  attached  to  the  anterior  crucial  ligament.  The  fracture  extends 
deeply  into  the  cancellated  tissue  of  the  head  of  the  hone.  The  synovial  membrane  was  of  a 
bright  scarlet  colour,  soft  and  pulpy;  the  circumference  of  the  cartilages  covering  the  con- 
dyles of  the  femur,  was  in  a  slight  degree  absorbed, 

and  the  joint  contained  about  half-a-pint  of  pus  Fia.  179.— Fracture  of  Spine  of  Tibia 
mixed  with  lymph.  The  left  cavity  of  the  pleura 
contained  about  three  pints  of  sero-purulent  fluid 
mixed  with  lymph,  a  thin  layer  of  which  covered  the 
pulmonary  pleura.  The  left  lung  was  in  the  first 
stage  of  pneumonia,  as  was  also  the  lower  lobe  of 
the  right  lung.  The  evidences  of  pleuritis  were  also 
present,  in  the  right  pleura.  The  patient  was  ad- 
mitted into  the  hospital  on  December  11,  1837.  Upon 
the  previous  day  he  had  been  wrestling  and  had  been 
thrown  with  great  violence  to  the  ground  ;  but  as  he 
was  intoxicated  at  the  time,  his  account  of  the  parti- 
culars of  die  accident  could  not  be  taken  or  depended 
on.  He  was  unable  to  walk  after  the  receipt  of  the 
injury. 

When  he  was  admitted  the  joint  was  swollen, 
painful,  and  tense,  as  was  also  the  limb  above  and 
below  the  knee. 

There  was  a  high  degree  of  symptomatic  fever 
present.  Upon  the  following  day,  the  local  inflam- 
mation and  general  fever  were  more  intense,  and 
upon  the  13th  he  bad  frequent  starlings  in  the  joint 
and  occasional  vomiting. 

Upon  the  15th  his  mouth  was  affected  by  mercury, 
hut  without  mitigating  the  violence  of  the  local 
disease.  From  this  period  to  the  22ud  the  pain  con- 
tinued intense  and  the  fever  high.  There  was  a 
distinct  fluctuation' in  the  joint;  he  also  now  com- 
plained of  cough  and  pain  in  left  side. 

On  the  2Kb  all  the  symptoms  of  pleuro-pneumonia  were  present.  He  died  on  January  3, 
1838. 

Separation  of  the  epiphyses  of  the  tibia. — Madame  Lachapelle  has  recorded  a 
case  in  which  the  upper  epiphysis  of  the  tibia  and  the  lower  epiphysis  of  the  femur 
were  separated  from  their  respective  diaphyses  by  traction  during  parturition. 
Some  few  instances  of  separation  of  the  lower  epiphysis  have  been  recorded  in  boys 
from  14  to  17  years  of  age ;  in  some  cases  the  lower  end  of  the  shaft  has  been  dis- 
placed, and  in  one  it  protruded  through  the  skin.  These  cases  mostly  recover  well 
though  if  compound,  more  or  less  of  the  end  of  the  bone  or  of  the  epiphysis  may 
necrose. 

An  interesting  case  of  separation  of  the  lower  epiphysis  of  the  tibia  has  been  published  by 
Mr.  Quain  in  the  'British  Medical  Journal,'  August  31,  1867.  The  subject  of  the  accident 
was  a  healthy-looking  lad,  17  years  of  age,  who,  on  dragging  a  piece  of  iron  over  a  heap  of 
earth,  slipped  and  fell,  his  left  foot  being  doubled  under  him.  The  lower  end  of  the  tibia 
projected  forwards,  and  below  the  prominence  there  was  a  depression  between  it  and  the 
foot.  The  projection  of  the  bone  was  an  inch  and  a  half  higher  than  the  lower  margin  of 
the  fibula,  and  three-quarters  of  an  inch  above  the  lower  edge  of  the  malleolar  process  of  the 
tibia.  The  space  between  the  prominent  tibia  and  the  end  of  the  »;reat  toe  on  the  injured 
side  measured  three-quarters  of  an  inch  less  than  in  the  other  foot ;  the  ankle-joint  was  un- 
injured; and  Mr.  Quain  remarks  that  this  accident  differed  from  a  fracture  of  the  hones 
above  the  ankle-joint,  in  the  absence  of  a  sharp  edge  of  a  broken  bone,  and  the  smooth  and 
rugous  feel  of  the  displacement,  as  well  as  in  the  absence  of  swelling  occasioned  by  the 
effusion  of  blood.  The  bone  was  replaced  without  difficulty,  and  a  starched  bandage 
applied.1 

Treatment. — Fractures  of  the  tibia  should  be  treated  in  the  same  way  as  fractures 
of  both  bones  of  the  leg;  when  simple  and  unattended  with  displacement  or  much 
swelling,  they  may  be  much  earlier  put  up  in  plaster  of  Paris  and  the  patients 
allowed  to  go  about  on  crutches. 

1  Preparations  showing  separation  of  the  epiphyses  of  the  lower  end  of  the  tibia  and 
fibula  have  been  exhibited  by  Mr.  Holmes,  and  are  published  in  the  Path.  Soc.  Trans,  vol. 
xiii.  p.  187.  See  also  Diseases  of  Children,  2nd  ed.  p.  236  ;  New  Sydenham  Society's  Biennial 
Retrospect  for  1867-8,  p.  258. 


(From  a  specimen  in  the  Richmond 
Hospital  Museum,  Dublin.  I  am 
indebted  to  Mr.  W.  Thomson  of 
Dublin  for  the  illustration  and 
description  of  this  case.) 
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Fractures  of  the  Fibula. 

The  fibula  may  be  broken  at  any  point  in  the  upper  middle  or  lower  third,  either 
by  direct  or  indirect  violence,  without  being  associated  with  fracture  of  the  tibia. 

The  most  usual  place  of  fracture  of  the  fibula  is  from  two  to  four  or  five  inches 
above  the  extremity  of  the  malleolus,  and  it  is  there,  especially  if  caused  by  indirect 
violence,  very  frequently  accompanied  by  partial  dislocation  of  the  foot. 

As  to  the  relative  frequency  of  the  causes  which  produce  the  fracture,  Dupuytren 
states  that,  of  200  cases  under  his  observation,  20  were  the  result  of  direct  violence, 
60  were  caused  by  forcible  eversion  of  the  foot,  and  120  by  forcible  inversion.  The 
greater  frequency  of  fracture  of  the  lower  third  of  the  fibula  from  indirect  than 
from  direct  violence  is  generally  admitted ;  but  in  the  experience  of  English 
surgeons,  eversion  of  the  foot  is  a  more  frequent  cause  of  this  fracture  than  inversion. 
A  fall  flat  on  the  foot — without  a  subsequent  twist  of  it,  or  what  amounts  to  the  same 
thing,  an  inclination  of  the  body  to  one  side — is  not  calculated  to  fracture  this  bone  ; 
there  must  be  a  change  in  the  direction  of  the  line  of  transmission  of  the  weight  of 
the  body  from  the  tibia  to  the  fibula  for  this  to  happen.  Sudden  twists  of  the  foot 
outwards  or  inwards,  or  falls  to  one  side  whilst  the  foot  is  fixed,  are  prolific  causes 
of  this  accident.  In  the  fractures  from  twists  outwards  of  the  foot,  the  internal 
lateral  ligament  is  frequently  torn,  or  the  inner  malleolus  is  broken ;  but  when  the 
bone  is  fractured  from  twists  of  the  foot  inwards,  the  external  lateral  ligament 
remains  entire,  and  the  fibula  yields  to  the  pressure  of  the  astragalus  against  the 
external  malleolus. 

The  direction  of  the  fractures  of  the  fibula  is  most  varied,  and  is  by  no  means 
constant  in  the  same  part  of  the  shaft;  but  when  the  fracture  is  through  the 
malleolus,  it  is  often  transverse.  Maisonneuve  and  Nelaton  well  describe  the 
symptoms  of  transverse  fracture.  There  is  good  reason  to  think  that  not  a  few 
cases  of  simple  transverse  fracture  of  the  external  malleolus  pass  for  sprains.  It  is 
desirable  to  avoid  this  error. 

The  displacement  of  the  fragments  varies  with  the  direction  of  the  fracture  ;  in 
one  case  the  lower  fragment  may  be  displaced  forwards  and  outwards,  in  another 
forwards,  and  in  another  behind  the  superior  fragment.  Comminuted  fractures 
occur  in  the  upper  and  middle  as  well  as  the  lower  thirds  of  the  fibula. 

Displacement  of  the  foot  does  not  necessarily  follow  a  fracture  of  the  lower  third 
of  the  bone,  even  when  caused  by  indirect  violence ;  and  Malgaigne  affirms,  with 
much  positiveness,  that  in  the  majority  of  fractures  by  adduction  there  is  no  dis- 
placement whatever,  and  that  when  it  occurs,-  it  is  secondary,  and  owing  to  the 
patient's  attempt  to  walk;  the  foot  becoming  turned  outwards,  as  in  fractures 
caused  by  abduction.  Even  when  produced  by  the  latter  cause,  he  affirms  there 
may  be  no  appreciable  displacement.  Hamilton,  on  the  contrary,  found  displace- 
ment in  all  but  one  of  his  indhect  fractures,  and  in  all  but  three  of  the  direct; 
while  Dupuytren  asserts  that  nine-tenths  of  his  fractures  were  attended  with 
displacement.  It  is  probable  that  Dupuytren  has  as  much  exaggerated  as  Malgaigne 
has  underrated  the  frequency  of  displacement.  When  displacement  of  the  foot  occurs, 
as  a  consequence  of  the  fracture,  the  broken  ends  of  the  fibula  will  project  inwards 
towards  or  even  against  the  tibia,  and  may  become  united  in  this  position. 

The  amount  of  deformity  and  overlapping  of  the  united  fragments  in  some  of 
the  specimens  to  be  seen  in  museums  is  very  surprising  ;  some  of  the  most  deformed 
are  in  fractures  of  the  upper  and  middle  thirds  of  the  bone ;  necessarily,  the 
inclination  of  the  overlapping  fragments  is  always  towards,  not  away  from,  the  tibia. 

I  do  not  know  of  any  example  of  separation  of  either  of  the  epiphyses  of  the 
fibula,  except  the  specimen  in  the  Museum  of  St.  George's  Hospital,  and  which  is 
described  by  Mr.  Holmes  in  the  thirteenth  volume  of  the  '  Transactions  of  the 
Pathological  Society,'  p.  187.  The  patient,  a  lad  of  18  years,  died  of  pyaemia  after 
amputation.  The  condyloid  epiphysis  of  the  femur,  the  lower  epiphysis  of  the  tibia, 
and  both  epiphyses  of  the  fibula  were  found  separated  from  the  diaphysis. 

Diagnosis. — A  fracture  of  the  fibula  cannot  always  be  detected.    The  best  means 
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of  ascertaining  its  existence  is  to  make  firm  pressure  with  the  thumb  or  the  tips  of 
the  fingers,  along  the  course  of  the  bone,  on  the  outer  side  of  the  leg.  If  there  be  a 
fracture,  sharp  pain  will  be  felt  on  approaching  the  fractured  ends,  and  possibly 
crepitus  may  be  produced.  If  the  fracture  be  situated  just  above  the  malleolus,  the 
lower  fragment  may  be  acted  on  by  forcibly  inverting  and  everting  the  foot,  whilst 
the  thumb  or  finger  of  the  other  hand  searches  for  the  fracture  ;  the  characteristic  signs 
will  thus  be  elicited.  When  it  is  attended  with  displacement  of  the  foot,  as  in  Pott's 
and  Dupuytren's  fractures,  there  can  be  but  little  difficulty  in  discovering  the 
fracture,  though  when  much  swelling  has  taken  place  there  may  be  some  difficulty 
in  defining  the  exact  extent  of  the  injury  to  the  ankle. 

Tn  transverse  fracture  of  the  external  malleolus  there  is  generally  no  displace- 
ment and  rarely  any  crepitus  ;  pain  is  limited  to  the  seat  of  fracture,  and  not  diffused 
as  in  a  sprain  ;  and  after  a  few  days  there  is  a  linear  ecchymosis  corresponding  to  the 
line  of  fracture.    A  sprain  may  coexist  and  complicate  the  diagnosis  of  this  fracture. 1 

Treatment. — For  simple  fracture  of  the  fibula  in  its  upper  two-thirds  no  treatment 
beyond  a  back  splint,  or  even  simply  tying  the  leg  up  in  a  soft  pillow,  is  necessary  ; 
or  the  plaster  of  Paris  splint  may  be  applied  and  the  patient  allowed  to  go  about. 
Fractures  in  the  lower  one- third  should  be  treated  like  fractures  involving  both 
bones  of  the  leg. 

Fractures  of  the  Tihia  and  Fibula. 

The  causes  of  these  fractures  are  either  direct,  as  kicks,  blows,  or  crushes,  from 
falling  weights  or  the  passage  of  wheels  over  the  limb ;  or  indirect,  as  in  jumping 
from  a  height  or  slipping  down.  The  relative  frequency  .of  these  causes  has  been 
variously  estimated  by  writers.  Hamilton  considers  that  four-fifths  of  them  are 
due  to  direct  violence ;  he  says:  'In  an  analysis  of  111  cases  I  find  the  bones 
broken  in  the  upper  third  from  a  direct  cause  four  times,  and  from  an  indirect  cause 
once.  In  the  middle  third  40  have  been  referred  to  a  direct  cause  and  2  to  an 
indirect;  and  in  the  lower  third  39  to  a  direct  cause  and  18  to  an  indirect.  An 
observation  which  does  not  sustain  the  remark  of  Malgaigne,  based  upon  his 
analyses  of  67  cases,  that  fractures  of  the  upper  third  are  produced  by  direct  causes 
alone,  those  of  the  middle  third  much  more  frequently  by  indirect  causes,  and  that 
those  of  the  lower  third  are  especially  due  to  indirect  causes.  Direct  causes  pro- 
duce a  large  majority  of  the  fractures  of  the  lower  third,  but  the  proportion  is 
smaller  than  in  the  middle  third.' 2  Mr.  Holthouse's  experience  accords  with 
Malgaigne's,  who  found  36  out  of  67  fractures  of  the  leg  produced  by  direct  violence, 
and  31  by  indirect.  Hamilton  has  foun  1  the  bones  broken  by  muscular  action 
alone,  in  four  cases  ;  and  gives  full  details  of  one — a  woman  set.  25  years,  who 
slipped  and  fell  off  a  step  covered  with  ice  ;  she  '  says  she  felt  and  heard  the  bones 
snap  before  she  touched  the  steps.  Of  this  she  is  certain.' 2  This  case,  however,  does 
not  to  my  mind  seem  conclusive  of  the  muscular  origin  of  the  fracture. 

The  situation  of  the  fracture  of  the  two  bones  is  not  generally  on  the  same  level, 
but  perhaps  in  about  one-fifth  the  total  number  of  cases  it  is  so;  such  at  least  is  the 
inference  to  be  drawn  from  museum  specimens  and  from  the  cases  in  which  I  have 
found  the  point  noted.  It  is  rarer  still  to  find  the  fibula  fractured  lower  than  the 
tibia.  Most  frequently  it  is  broken  from  two  to  three  inches,  or  less,  above  the 
point  at  which  the  tibia  yields. 

In  the  greater  number  of  cases  each  of  the  bones  is  fractured  in  one  place  only, 
but  sometimes  one  or  other  of  them  is  broken  in  two,  or  even  in  three  places.  A 
second  fracture  is  more  frequent  in  the  fibula  than  in  the  tibia,  but  I  have  seen  one 
instance  in  which  the  tibia  was  broken  in  three  places.3  Both  fractures  may  be 
comminuted,  or  only  one  comminuted  and  the  other  simple. 

1  Whitehead,  St.  Louis  Med.  and  Sure/.  Journ.  1878. 

2  Hamilton,  op.  cit.  p.  453,  4th  ed. 

3  Bransby  Cooper  (Guy's  Hosp.  Repts.  vol.  i.  p.  101)  has  recorded  a  case  in  which  both 
bones  were  broken  in  three  places,  the  highest  immediately  beneath  the  tubercle  of  the 
tibia  ;  the  middle  one  at  the  junction  of  the  upper  and  middle  third,  and  the  lewest  at  the 
middle  of  the  lower  third. 

Vol.  I.  3  X 
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Fractures  from  direct  violence  may  of  course  be  produced  at  any  part  of  the 
bone,  while  those  from  indirect  force  mostly  occur  at  the  weakest  part,  that  is.  at 
the  lower  third,  and  they  are  extremely  rare  at  the  upper  part  of  the  bone. 

The  most  frequent  situation  of  fracture  of  the  leg  is  where,  from  the  greater 
weakness  of  the  tibia,  one  would  expect  to  find  it,  viz.  in  the  lower  third ;  so  that, 
of  155  fractures,  from  all  causes,  recorded  by  Hamilton,  93  occurred  in  this  situation, 
45  in  the  middle  third,  and  only  1 1  in  the  upper  third.  In  6  cases  the  two  bones 
were  broken  in  different  divisions.  Museum  specimens  show  about  the  same 
proportions. 

Fractures  of  the  leg  present  every  variety  which  is  met  with  elsewhere  ;  but, 
from  the  superficial  position  of  the  tibia,  comminuted  and  compound  fractures  are 
more  common  than  in  any  other  part  of  the  body. 

In  the  neighbourhood  of  the  knee-  and  ankle-joints,  compound  and  comminuted 
fractures  are  frequent.  It  has  also  been  observed  that  the  fracture  in  these  situations 
is  prone  to  implicate  the  joints.  The  prevailing  direction  of  simple  fractures  of  the 
leg  is  oblique,  with  the  obliquity  downwards  and  inwards,  and  generally  slightly 
forwards ;  less  frequently  it  is  downwards  and  outwards,  and  still  more  rarely 
downwards  and  backwards.    Occasionally  it  is  transverse  and  may  be  den  tared. 

The  displacement  of  the  broken  bones  is  as  varied  as  the  direction  of  the  fractures. 
In  oblique  fractures  the  lower  fragment  is  usually  drawn  upwards,  generally  behind 
the  other,  but  having  an  inclination  to  the  inner  or  outer  side,  according  to  the 
direction  of  the  line  of  fracture  which  regulates  it ;  thus,  the  prevailing  direction  of 
the  oblique  fracture  being  downwards,  inwards,  and  forwards,  the  displacement  will 
be  upwards,  outwards,  and  backwards.  Combined  with  this,  there  is  often  some 
rotatory  displacement  of  this  fragment  outwards,  due  probably  to  the  weight  of  the 
foot,  and  its  tendency  to  gravitate  in  this  direction.  Accordingly  in  19  specimens 
of  united  fracture  of  the  bones  of  the  leg,  examined  by  Mr.  Shaw,  16  had  the  lower 
fragment  rotated  outwardly,  and  situated  somewhat  to  the  outer  side,  and  behind 
the  upper.1 

Not  unfrequently,  however,  there  is  no  displacement,  as  in  some  transverse 
fractures  ;  and  it  may  be  stated  genei'ally,  that  the  more  nearly  the  fracture  approaches 
a  transverse  direction,  and  the  nearer  it  is  situated  to  the  upper  end  of  the  bone, 
the  less  will  be  the  liability  to  displacement,  and  the  less  its  amount  should  it  occur ; 
indeed,  in  transverse  fractures  of  the  tibia,  although  the  fragments  may  form  an 
angle  with  each  other,  cr  the  lower  fragment  be  rotated  outwards  or  inwards,  they 
rarely  become  completely  disengaged. 

Symptoms  and  diagnosis. — There  is  rarely  much  difficulty  in  detecting  a  fracture 
of  the  leg,  the  superficial  position  of  the  tibia  rendering  any  deviation  from  its 
normal  form  and  direction  evident.  If  the  direction  of  the  fracture  be  transverse 
and  there  be  no  displacement,  some  doubt  may  be  occasionally  experienced  ;  and 
when  there  is  much  swelling  the  exact  nature  of  the  injury  may  not  be  made  out ; 
but  the  history  of  the  accident,  the  sensations  of  the  patient,  his  inability  to  support 
himself  on  the  fractured  limb,  the  mobility  at  the  seat  of  injury,  and  the  crepitus  on 
rotation  or  on  slightly  rocking  the  foot  from  side  to  side,  cannot  fail  to  demonstrate 
the  fracture.  When  the  fracture  is  oblique,  there  is  shortening  of  the  limb  from 
two  or  three  lines  to  three-quarters  of  an  inch,  and  often  more  or  less  projection  of 
the  lower  end  of  the  upper  fragment.  When  the  fracture  is  situated  just  above  the 
ankle-joint,  it  is  very  liable  to  be  followed  by  considerable  displacement;  and  when 
the  lower  fragments  are  drawn  backwards  with  the  foot,  it  resembles  a  dislocation  of 
the  foot  in  that  direction.  If  the  fracture  be  oblique  laterally,  the  lower  fragments 
glide  up  upon  the  upper  and  produce  an  apparent  distortion  of  the  foot,  either 
inwards  or  outwards,  according  to  the  direction  of  the  obliquity.  These  fractures 
with  displacement  must  be  distinguished  from  true  dislocations  accompanied  with 
fracture,  as  well  as  from  the  fractures  of  the  lower  end  of  the  fibula  with  displacement 
of  the  foot  known  as  Pott's  and  Dupuytren's  fractures.  In  the  displacements  from 
fracture  of  the  tibia  and  fibula  just  above  the  ankle-joint  the  articular  surfaces  of 

1  Path.  hior.  Trans,  vol.  ii.  p.  125. 
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the  tibia  and  astragalus  maintain  their  normal  relations  to  each  other,  and  none  of 
the  ligaments  of  the  joint  are  ruptured.  In  the  trne  dislocations,  the  articular 
surfaces  of  the  tibia  and  astragalus  lose  their  normal  relations,  and  some  of  the 
ligaments  of  the  joint  are  ruptured.  Then,  as  to  the  deformity  which  results  from 
these  accidents ;  in  the  true  dislocations  of  the  foot  backwards,  the  malleoli  are 
nearer  the  ground,  whereas  in  the  displacement  from  fracture  they  maintain  their 
proper  relations  to  the  foot.  The  motions  of  the  ankle-joint  are  lost  in  the  former, 
they  are  preserved  in  the  latter.  In  the  lateral  displacements  likewise,  though  the 
foot  may  be  situated  outwards  or  inwards  relatively  to  the  leg-bones,  its  plantar 
surface  rests  flat  on  the  ground,  and  not  on  its  outer  or  inner  borders,  as  in 
dislocation. 

V-shaped  fractures. — Besides  the  transverse  and  the  oblique  varieties  of  fractures 
of  the  lower  third  of  the  leg,  there  is  a  third  form  distinct  from  the  other  two  both 
in  its  anatomical  and  clinical  characters.  This  is  the  V-shaped,  wedge-shaped,  or 
spiral  fracture.  Malgaigne  and  Gerdy  had  called  these  '  fractures  dentees  ou  e?i pointe,' 
but  to  M.  Gosselin  1  belongs  the  honour  of  having  first  pointed  out  the  import- 
ance as  to  prognosis  and  treatment  of  these  fractures.  The  general  form  of  these 
fractures  will  be  best  understood  from  the  accompanying  diagrams  (figs.  180  and  181). 
The  upper  fragment  of  the  tibia  presents  on  one  (say  the  anterior)  aspect  a  project- 
ing V-shaped  edge  and  on  the  opposite  (the  posterior)  surface  a  receding  V-shaped 
margin  :  conversely  the  lower  fragment  presents  a  receding  V-shaped  border  opposite 
the  projecting  part  of  the  upper  fragment,  and  a  projecting  V-shaped  border  opposite 
the  receding  edge  of  the  upper  fragment  ;  there  is  considerable  bruising  of  the 
medullary  substance  of  the  bone;  and  on  the  inferior  fragment  (never  on  the 
superior)  a  fissure  is  to  be  traced,  starting  from  the  apex  of  the  receding  V-shaped 
border,  turning  in  a  spiral  direction  across  the  inner  and  then  the  posterior  surfaces 
of  the  tibia  to  the  tibio- tarsal  joint,  traversing  this  joint  near  its  posterior  border, 
and  rising  again  upon  the  posterior  surface  so  as  to  circumscribe  on  this  surface  a 
large  scale  or  spiculum  of  the  bone.  The  fibula  is  broken,  at  a  variable  height, 
sometimes  even  in  three  or  four  places,  but  the  fracture  of  one  of  them,  if  there  be 
several,  always  assumes  somewhat  the  V-shaped  character. 

These  fractures  are  produced  by  torsion,  as  for  instance  when  a  person  falls,  it 
may  be  in  descending  stairs  or  by  catching  the  foot  in  a  ruck,  or  between  two  pieces 
of  furniture,  so  as  to  give  a  twisting  impulse  to  the  limb  whilst  the  foot  is  fixed,  and 
therefore  unable  to  follow  the  rotatory  movement  of  the  leg.  As  to  the  relation 
which  exists  between  the  V-shape  and  the  fissure  and  the  bruising  of  the  medulla, 
M.  Gosselin  has  explained  it  by  saying  that  the  superior  fragment  exercises  upon 
the  lower  fragment,  at  the  moment  of  the  accident,  a  wedge-like  pressure  whereby 
the  splitting  of  the  cortical  substance  and  crushing  of  the  marrow  are  caused.'2 

M.  Gosselin's  first  cases  were  soon  followed  up  by  others,  notably  by  those 
brought  under  the  notice  of  the  Surgical  Society  of  Paris  by  M.  Chassaignac  3  and 
M.  Larrey  ;  1  and  M.  Houel  has  described  two  other  cases,  besides  Obassaignac's  and 
Gosselin's,  in  his  Catalogue  of  the  Musee  Dupuytren. 

The  whole  subject  will  be  found  very  fully  discussed  in  the  Proceedings  of  the 
Pai  is  Society  of  Surgery  of  November  and  December  1859. 

Prognosis. — Inflammation  of  the  ankle-joint  with  some  anchylosis  must  be 
expected ;  and  the  patient  cannot  be  regarded  as  altogether  free  from  the  danger  of 
osteo -myelitis  and  secondary  suppurations  even  if  the  fracture  be  not  compound.  If 
the  fracture  be  compound,  this  danger  is  very  great  and  the  prognosis  most  un- 
favourable. Gosselin  5  in  his  earlier  papers  on  the  subject  considered  that  patients 
with  the  V-shaped  fracture  were  decidedly  exposed  to  the  risk  of  dying  from  osteo- 
myelitis and  its  consequences,  but  he  has  since 6  from  larger  experience  of  these 

1  Gas,  des  Hop.  1855,  p.  218. 

2  Gosselin,  Bull,  de  la  Soc.  de  Chir.  torn.  vi.  p.  262,  185G. 

3  Chassaignac,  Bull,  de  la  Soc.  de  Chir.  t.  vi.  p.  259,  185G,  and  t.  vhi.  p.  333,  1858. 

4  Larrey,  Bull,  de  la  Soc.  de  Chir.  t.  vi.  p.  290,  1856. 

5  Mem.  de  la  Sor.  de  Chir.  t.  v.  1863,  p.  149  et  seq. 

6  Gosselin,  Clin.  Chir.  de  I'Hop.  de  la  Charife,  t.  i.  p.  200. 
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fractures  modified  his  views,  and  says  that,  when  there  is  not  an  open  wound,  the 
suppuration  of  which  can  be  propagated  to  the  seat  of  fracture,  it  is  more  probable 
that  this  grave  complication  will  not  occur  and  that  the  patient  will  recover. 

Diagnosis. — Beyond  the  ordinary  signs  of  fracture  of  the  leg,  there  is  often  in 
these  V-shaped  fractures  a  correspondingly  shaped  projection  of  the  skin  on  the 
antero-internal  surface  of  the  lower  third  of  the  leg,  and  whenever  this  is  so,  a  very 
careful  examination  of  the  ankle-joint  ought  to  be  made  ;  though  it  will  be  difficult, 
if  not  impossible,  in  many  cases  to  make  out  a  splintering  of  the  articular  facet  of 

Fig.  180. --Spiral  Fracture  of  Tibia  Fig.  181.— Spiral  Fracture  of  Tibia 
and  Fibula.  Front  view.  (From  and  Fibula.  Back  view.  (From 
specimen  in  the  Middlesex  IIos-  specimen  in  the  Middlesex  Hos- 
pital Museum,  927a.)  pital  Museum,  927a.) 


the  tibia,  because  the  splintered  portion  is  rarely  completely  detached.  There  is 
much  difficulty,  too,  in  correcting  the  displacement  in  these  fractures,  and  a  great 
tendency  for  the  displacement  to  recur  repeatedly  during  the  early  days  of  treat- 
ment. 

The  best  plan  to  overcome  this  difficulty  is  to  place  a  long,  soft,  straight  pad, 
over  the  whole  length  of  the  upper  fragment,  so  as  by  means  of  it  to  keep  up  pressure 
upon  the  tibia  without  causing  pain  or  ulceration  of  the  skin. 

When  these  V-fractures  are  compound,  Gosselin  1  has  recommended  immediate 
1  Memoires  and  Bull.  op.  cit. 
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imputation,  and  other  surgeons  have  followed  his  teaching;  but  1  think  with 
M.  Larrey  1  that  an  effort  should  be  made  to  save  the  limb,  and  that  with  this  view 
the  continued  application  of  cold  to  the  fracture  and  the  joint,  and  perfect  immo- 
bilisation in  a  comfortable  position,  are  the  best  means  to  adopt.  Consolidation  in 
V-shaped  fractures  takes  place  very  slowly.  Gosselin  is  of  opinion  that  oblique 
fractures,  properly  so  called,  of  long  bones  are  rare,  and  that  the  notched  fractures 
(fractures  dentees)  of  Malgaigne,  pointed  fractures  (fractures  en  pointe)  of  Gerdy,  or 
Y-shaped  fractures,  as  he  himself  styles  them,  are  much  the  more  frequent.2 

Fractures  of  the  tibia  and  fibula  involving  the  ankle-joint. — Besides  Pott's  and 
Dupuytren's  and  the  V-shaped  fractures,  there  are  others  which  are  of  importance  on 
account  of  their  complicating  the  ankle-joint,  and  their  tendency  therefore  to  end  in 
more  or  less  anchylosis. 

The  foot  may  be  dislocated  inwards  with  the  sole  of  the  foot  facing  inwards,  the 
internal  malleolus  being  fractured,  but  the  fibula  entire,  and  the  outer  malleolus 
prominent  and  threatening  to  burst  through  the  skin  :  or  both  bones  of  the  leg  may 
be  broken  immediately  above  the  ankle  and  the  foot  turned  inwards,  presenting 
somewhat  the  appearance  of  dislocation  of  the  ankle. 

There  is  another  fracture  resembling  complete  luxation  of  the  foot  backwards 
and  upwards  to  which  attention  was  specially  drawn  some  years  ago  in  the  Paris 
Surgical  Society  by  Legouest  and  Jarjavay  ;  3  in  falling  backwaids  with  the  foot 
extended,  it  sometimes  happens  that  two  fractures  occur,  one  of  the  tibia,  the  other 
of  the  fibula.  The  detached  fragment  of  the  tibia  is  a  posterior  wedge  the  base  of 
which  is  the  posterior  part  of  the  astragaloid  surface  of  the  tibia  and  the  narrow 
edge  is  above.  The  detached  fragment  of  the  fibula  is  posterior  also,  but  the  line 
of  fracture  runs  almost  vertically  through  the  external  malleolus.  These  posterior 
fragments  of  the  tibia  and  fibula  ascend,  and  then  as  the  back  of  the  astragalus  is  no 
longer  held  in  the  trochlea  of  the  tibia,  the  foot  is  drawn  upwards  and  backwards 
into  a  position  of  ext  ension,  and  the  tendo  A  chillis  describes  a  curve  with  its*  con- 
cavity backwards.  The  symptoms  of  this  fracture  are  an  increase  in  the  antero- 
posterior measurement  of  the  external  malleolus,  a  linear  depression  on  the  external 
malleolus  corresponding  to  the  line  of  fracture  ;  the  anterior  portion  of  the  external 
malleolus  is  felt  to  be  continuous  with  the  shaft  of  the  fibula ;  the  heel  is  raised,  and 
there  is  a  deep  depression  between  the  anterior  edge  of  the  trochlear  surface  of  the 
tibia  and  the  anterior  part  of  the  astragalus,  which  is  depressed.  There  is  great 
difficulty  in  reducing  these  fractures ;  and  unless  the  tendo  Achillis  is  divided, 
great  difficulty  in  retaining  the  foot  in  position  after  reduction,  and  after  recovery 
the  patient  nearly  always  walks  with  the  heel  tilted  up.  Earle,  R.  Adams,  Mal- 
gaigne and  Cooper  have  described  similar  cases  as  subluxations  of  the  foot,  which 
truly  they  are,  though  they  are  fractures  primarily.  There  are  two  or  three  speci- 
mens of  this  kind  of  fracture  of  the  ankle  in  the  Dupuytren  Museum. 

There  is  another  form  of  fracture  of  the  ankle  in  which  the  tibia  is  broken  irr 
mrrch  the  same  manner  as  above,  but  the  fibula  is  fractured  in  the  upper  part  of  its 
lower  third,  and  without  displacement  of  the  foot.  Jobert  de  Lamballe  4  has  de- 
scribed a  good  specimen  of  this  sort,  in  which  the  internal  malleolus  was  also 
fractured  transversely  at  its  base. 

Another  very  similar  fracture  is  where  the  tibia  and  fibula  are  fractured 
obliquely  from  above  downwards  and  from  behind  forwards,  very  close  to,  if  not 
actually  penetrating,  the  ankle-joint ;  there  is  too  a  very  similar  displacement  of  the 
extended  foot  backwards,  simulating  dislocation  at  first  sight ;  there  is  a  similar- 
shortening  of  the  anterior  part  of  the  foot  and  lengthening  of  the  heel,  but  the 
difference  is  that  both  malleoli  are  drawn  backwards  with  the  foot  by  the  convulsive 
action  of  the  calf  muscles,  and  the  prominence  in  front  is  formed  by  the  broken 
edges  of  the  tibia  and  fibula  pushing  before  them  the  anterior  tendons  of  the  ankle. 


1  Bull,  de  la  Son.  de  Chir.  p.  290.  t.  vi.  1856. 
3  Ibid.  1863,  2nd  ser.  t.  iv.  p.  181. 


2  Ibid.  t.  ix.  p.  151,  Oct.  27,  1858. 
4  Musee  DnpuytreD,  No.  243a. 
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Marked  crepitation  is  caused  on  attempting  to  reduce  the  deformity ;  and  the  dis- 
placement of  the  fragments  returns  immediately  on  leaving  go  the  foot.  M.  Richet  1 
to  overcome  this  tendency  to  re-displacement  and  to  retain  the  foot  in  proper  position, 
employs  a  plan  which  he  lias  found  to  answer  the  purpose  well  in  all  the  cases  he 
has  tried  it  at  the  Hotel  Dieu.  He  envelopes  the  heel  and  foot  like  a  slipper  in  a 
plaster  of  Paris  bandage,  and  in  the  plaster  he  places  two  pieces  of  tape,  one  along 
each  boi'der  of  the  foot,  which  become  free  of  the  plaster  in  front  near  the  toes. 
When  the  plaster  is  dry,  he  reduces  the  fracture  by  placing  the  leg  on  a  cushion  and 
tying  it  down  by  a  broad  roller  to  the  framework  of  the  bed  on  either  side;  and 
finally  to  the  tapes  he  attached  an  elastic  baud  which  in  its  turn  is  fixed  to  a  ring 
or  wooden  bar  placed  above  the  bed.  Thus  the  upper  fragments  are  fixed  to  the 
cushion,  and  continued  traction  upon  the  inferior  fragments  through  the  medium  of 
the  foot  is  maintained  by  the  caoutchouc  band. 

In  all  these  fractures  about  the  ankle  the  muscles  of  the  calf  interfere  more  or 
less  with  reduction  and  subsequent  treatment,  and  the  tendo  Achillis  is  usually  very 
tense.  It  is  in  these  cases,  though  not  in  these  alone,  that  the  division  of  the  tendon 
has  been  found  to  facilitate  either  the  reduction  of  the  fragments  or  their  retention 
in  due  position,  or  both. 

Treatment. — All  fractures  of  the  leg  are  quickly  followed  by  more  or  less  swelling, 
and  there  are  few  simple  fractures  which  it  is  not  advisable  to  put  up  as  soon  after 
the  accident  as  possible.  If  this  be  deferred,  the  swelling  increases,  the  sufferings  of 
the  patient  are  prolonged,  and  the  cure  is  rendered  more  tedious.  The  mode  of  put- 
ting up  the.se  fractures  may  be  varied  according  to  the  nature  of  the  case.  In  some 
simple  fractures  of  the  tibia  alone,  or  of  the  fibula  alone,  the  fragments  are  in  such 
good  apposition,  and  there  is  so  little  tendency  to  displacement,  that  it  is  a  needless 
cruelty  to  keep  the  patient  in  bed  for  five  or  six  weeks.  A  plaster  of  Paris,  starch 
or  glue  bandage  may  therefore  be  put  on  at  once,  and  the  patient  allowed  to  get 
about  on  crutches  a  few  days  after  the  accident.  In  other  cases,  more  esjiecially 
when  both  bones  of  the  leg  are  br-oken,  the  local  symptoms  and  the  general 
condition  of  the  patient  may  be  such  as  not  to  admit  of  this  kind  of  treat- 
ment. Thus,  if  there  should  be  much  displacement  or  overlapping  of  the  frag- 
ments, it  will  sometimes  be  found  impossible  to  get  them  into  place  without  first 
bending  the  thigh,  leg,  and  foot  at  or  near  to  a  right  angle  with  each  other, 
and  then  making  extension  and  counter-extension  from  the  knee  and  ankle.  If  there 
should  be  a  tendency  to  displacement  of  the  fragments  when  the  leg  is  straightened, 
it  is  advisable  to  keep  the  patient  on  his  side  with  the  limb  supported  between 
Sharp's  splints,  and  well  flexed  so  as  to  relax  the  most  powerful  muscles.  This  is 
also  an  easy  and  natural  position  for  the  patient  to  lie  in,  and  it  admits  of  a  ready 
examination  of  the  limb  without  disturbing  it,  by  simply  unbuckling  the  straps  and  re- 
moving the  upper  splint.  To  render  this  method  of  treating  fractures  of  the  leg  per- 
fect, the  splint  should  be  continued  upwards  by  a  prolongation  at  right  angles  with 
the  leg  portion,  so  as  to  embrace  the  knee-joint  and  lower  third  of  the  thigh.  With 
such  splints,  firmly  securing  the  joints  above  and  below  the  fracture,  no  displacement 
or  movement  of  the  fragments  on  each  other  could  possibly  happen.  Indeed, 
Hamilton  is  of  opinion  that  this,  which  is  Pott's  method  slightly  modified,  is  the 
best,  and  is  applicable  to  nine-tenths  of  all  simple  fractures,  and  to  some  compound. 
In  compound  fractures  it  is  necessary  for  one  of  the  splints  to  be  interrupted,  and 
an  ingenious  modification  of  the  ordinary  interrupted  splint  has  been  invented  by 
Dr.  Skipton  ;  the  essential  feature  of  which  is  that  it  consists  of  several  pieces, 
any  one  or  more  of  which  can  be  removed,  so  that  no  matter  in  what  part  of 
the  leg  the  wound  may  be,  the  same  splint  will  serve.  In  uncomplicated  fractures 
as  well  as  in  those  accompanied  with  marked  displacement  of  the  foot,  and  therefore 
with  rupture  of  the  internal  lateral  ligament  or  fracture  of  the  inner  malleolus 
(Pott's  fracture),  Pott's  method  may  be  adopted.  This  consists  in  placing  the 
patient  on  his  injured  side,  with  the  knee  bent  and  the  foot  somewhat  inverted,  so 
as  to  insure  the  broken  ends  of  the  bone  being  in  contact  with  each  other,  and  not 

1  Gaz.  des  Hop.  April  1876,  p.  307. 
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with  tiie  tihia.  A  Sharp's  splint,  well  padded,  and  having  the  pad  for  the  foot-piece 
thicker  than  that  for  the  leg,  so  as  to  raise  a  little  the  outer  border  of  the  foot, 
should  next  be  applied  on  the  outer  side  of  the  limb,  and,  for  greater  security,  an 
inner  splint  without  a  foot-piece  may  also  be  placed  on  the  inside  of  the  limb. 
Dupuytren  considered  that  Pott's  method  was  insufficient  to  maintain  the  reduction, 
and  directed  the  foot  to  be  brought  into  such  a  state  of  adduction  as  that  its  inner 
edge  should  become  superior,  its  outer  edge  inferior,  and  its  sole  directed  inwards. 
For  this  purpose  he  employed  a  wedge-shaped  cushion,  the  thick  end  of  which  was 
downwards  and  applied  upon  the  inner  malleolus  ;  over  this  a  splint  was  laid,  which 
reached  from  the  knee  to  thiee  or  four  inches  beyond  the  edge  of  the  foot ;  the 
leg  being  then  secured  to  the.  splint,  the  foot  was  next  drawn  inwards,  and  firmly 
fixed  to  the  projecting  end  of  the  latter.  The  principle  of  this  method  is  to  make 
the  foot  act  as  a  lever  on  the  lower  fragment  of  the  fibula,  so  as  to  draw  it  outwards 
from  the  tibia,  while  at  the  same  time  the  lateral  pressure  fixes  the  astragalus  firmly 
against  the  inner  malleolus. 

When  the  fracture  admits  of  being  put  up  in  the  straight  position,  it  is  prefer- 
able in  my  opinion  to  do  so,  and  for  this,  almost  any  of  the  splints  or  apparatus 


Fig.  182. 


-Fractured  Leg  set  in  Rack  and  Side  Splints,  and  swung  in  Salter's  Swing 
and  Cradle. 


 i.  :  =-1 

/[  till" if  ^r~>'<i 

ordinarily  in  use  will  answer  the  purpose.  The  points  to  be  attended  to  in  their 
application  are — 1,  to  secure  the  knee  and  ankle-joints  so  that  no  axial  rotation  of  the 
fragments  shall  take  place ;  2,  to  see  that  the  foot  is  at  right  angles,  or  nearly  so, 
with  the  leg ;  3,  that  the  ball  of  the  great  toe  is  in  a  line  with  the  inner  border  of 
the  patella ;  and  4,  that  there  is  no  shortening  of  the  front  part  of  the  foot  from  the 
sinking  back  of  the  heel.  In  the  former  editions  of  this  work  Neville's  splint  has 
been  spoken  of  as  a  very  efficient  and  simple  kind  of  apparatus  in  use  in  St.  Bartholo- 
mew's Hospital ;  and  in  the  '  Lancet '  of  February  27.  1869,  will  be  found  an  excellent 
practical  lecture  by  Sir  James  Paget,  in  which  the  details  of  its  application  are  fully 
described. 

A  good  plan  to  adopt  in  the  great  majority  of  fractures  of  the  leg,  whether  both 
bones  or  only  the  tibia  be  broken,  as  well  as  in  Pott's  fracture,  is  shown  in  fig.  182. 
In  the  drawing,  however,  the  foot-piece  of  the  side  splints  is  not  at  a  right  angle 
with  the  leg-piece,  though  it  is  much  better  that  it  should  be  so.  In  setting  the 
fracture  the  back  splint  with  its  moveable  foot -piece  is  first  applied,  extension  being 
kept  up  the  while ;  then  the  side  splints  are  buckled  on,,  the  site  of  fracture  being 
always  left  exposed  ;  finally,  the  limb  is  slung  in  Salter's  swTing,  and  an  ice-bag  is 
applied  over  the  injured  part  if  there  be  much  effusion. 
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If  the  fracture  be  near  the  knee-joint,  the  well-known  Maclntyre  splint  finds  much 
favour  with  many  English  surgeons,  and  it  is  and  has  been  much  used  by  some  of  the 
surgeons  at  the  Middlesex  Hospital.  When  employed,  full  advantage  ought  to  be 
taken  of  the  joint  in  the  splint  opposite  the  knee,  and  of  the  shifting  inclination  of 
the  foot- piece,  so  as  to  adjust  the  fracture  and  correct  displacement. 

When  the  fracture  involves  the  ankle-joint,  or  from  its  proximity  to  the  joint  is 
likely  to  lead  to  subsequent  anchylosis,  it  is  better  not  to  fix  the  foot  at  right  angles 
to  the  leg,  but  in  a  position  inclined  slightly  towards  extension,  so  that  when  the 
patient  begins  to  walk  he  will  be  able  to  tread  upon  the  ball  of  the  foot  rather  than 
on  the  flat  sole  ;  this  was  the  teaching  of  an  experienced  surgeon,  who  recovered 
with  an  anchylosed  ankle-  joint,  and  experienced  the  inconvenience  of  the  foot  being 
fixed  quite  at  a  right  angle  with  the  tibia. 

On  June  14,  1881,  at  a  meeting  of  the  Medico-Chirurgical  Society,  Mr.  Croft1 
advocated  for  the  immediate  treatment  of  fraotures  of  the  leg  the  use  of  side  splints 
made  of  common  house  flannel  and  plaster  of  Paris,  retained  by  means  of  bandages 
made  of  porous  elastic  muslin.  His  experience  of  the  apparatus  extended  over  six 
years.  During  that  time  they  had  come  into  general  use  in  St.  Thomas's  Hospital. 
At  least  498  cases  of  fractures  of  the  leg  had  been  treated  by  this  method  without 
any  disasters.  The  instances  of  greatest  difficulty  amongst  fractures  of  the  leg  were 
those  most  satisfactorily  treated  by  these  splints,  viz.  oblique  fractures,  Pott's  fracture, 
and  fracture  complicated  with  delirium.  Swellings  and  blisters  were  not  obstacles  to 
the  application  of  the  splints.  The  fracture  should  be  accurately  set  before  the  appa- 
ratus be  applied.  Chloroform  should  be  administered  in  cases  in  which  difficulty  and 
resistance  are  anticipated.  The  bandage  is  to  be  rolled  on  without  tension,  and  the 
limb  is  to  be  held  in  position  for  three  or  five  minutes  whilst  the  plaster  hardens. 

One  advantage  afforded  by  Croft's  method  of  applying  the  plaster  of  Paris  is  the 
facility  of  removing  the  splint  by  cutting  up  the  bandages  along  the  line  between 
the  edges  of  the  flannel  ;  but  they  are  not  so  readily  applied  as  the  ordinary  plaster 
of  Paris  splint,  and  for  this  reason  I  have  had  difficulty  in  getting  the  house  surgeons 
and  dressers  to  employ  them.  They  find  the  old  method  simpler  and  more  economical 
of  time. 

Mr.  Gamgee  2  of  Birmingham  is  a  great  advocate  for  the  immediate  treatment  of 
fractures  by  a  compressing  immobile  apparatus,  and  the  i-eader  will  find  in  his  work  on 
'  Fractures  of  the  Limbs  '  all  the  arguments  and  much  experience  in  favour  of  it. 
The  period  for  which  splints  should  be  kept  on  will  depend  on  the  situation  of  the 
fracture,  and  the  injury  done  to  the  ankle-joint.  In  fractures  of  the  lower  part  of 
the  bones,  even  should  there  be  no  displacement,  splints  should  be  kept  on  for  three 
or  four  weeks  ;  and  in  case  of  a  dislocation  of  the  foot,  for  six  weeks  or  two  months. 
In  all  fractures  of  the  fibula  in  its  lower  third,  great  caution  should  be  observed 
in  using  the  limb  after  the  removal  of  the  apparatus,  and  it  may  be  well  to  support 
the  joint  for  some  time  by  a  laced  boot,  strengthened  on  the  inner  side;  the  sole 
should  also  be  made  somewhat  thicker  on  its  inner  than  its  outer  edge. 

When  any  troiible  arises,  from  the  spasmodic  action  of  the  muscles  of  the  calf, 
in  keeping  the  broken  bones  in  good  position,  the  subcutaneous  division  of  the  tendo 
Achillis  is  indicated  and  has  been  attended  with  excellent  results.  In  France  this 
practice  was  introduced  by  Laugier  3  and  followed  by  Berard  and  by  M.  Mequier  of 
(  h  nans  ;  but  it  was  first  employed  in  this  country  by  Mr.  Shaw  and  Mr.  De  Morgan,4 
at  the  Middlesex  Hospital,  and  subsequently  by  Messrs.  Cock,5  Poland,  Birkett,  and 
Bryant  at  Guy's  Hospital,  and  others.0  As  Mr.  De  Morgan  remarks, '  the  cases  of  frac- 
ture of  the  tibia  and  fibula  in  which  the  surgeon  fails  by  ordinary  treatment  to  remove 
or  obviate  the  difficulties  incidental  to  such  injuries,  and  in  which,  therefore,  this  opera- 
tion might  naturally  suggest  itself,  are  not  of  ordinary  occurrence,'  but  he  suggests 

1  Croft,  Med.-Chir.  Trans,  vol.  lxiv.  p.  295. 

2  Oiamgee,  On  the  Treatment  of  Fructures  of  the  Limbs.    J.  A.  Churchill,  1871. 

3  Malgaigne,  Traite  dee  Fractures,  vol.  i.  p.  794. 

4  l»e  Morgan,  Med.-Chir.  Trans,  vol.  xxxiii.  p.  17,  1849. 
0  Cock,  Guy's  Hogp.  Rejifs.  3rd  ser.  vol.  i.  1855. 

6  Vide  Lancet,  May  13,  1876,  p.  707. 
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that  the  operation  might  prove  a  valuable  adjunct  to  the  ordinary  treatment  in  cases 
of  less  severity.  M.  Gosselin,1  however,  has  not  adopted  it,  and  from  his  writings  it 
would  seem  that  the  treatment  has  not  been  at  all  generally  practised  in  France, 
though  whether  because  it  is  not  thought  well  of,  or  because  the  particular  cases 
in  which  it  is  indicated  do  not  frequently  occur,  does  not  appear. 

Compound  Fractures  of  the  Bones  of  the  Leg. 

These  are  very  common  accidents,  much  more  so  than  compound  fractures  of 
other  bones.  Agnew's  tables  show  that,  out  of  315  fractures  of  the  tibia,  49  were 
compound;  of  315  fractures  of  the  fibula,  14  were  compound;  and  of  1,074  fractures 
of  both  bones,  36G  were  compound. 

Causes. — The  most  frequent  causes  are  direct  violence,  such  as  kicks  from  horses  ; 
and  machinery,  railway  and  street  accidents  :  indirect  violence,  as  falls  from  a  height 
on  to  the  feet,  occasionally  causes  them. 

Varieties. — The  slightest  form  is  that  which  occurs  from  the  sharp  point  of  a  frag- 
ment of  bone  or  from  a  sharp  penetrating  body  from  without ;  or,  subsequently  to  the 
accident,  from  the  ulceration  of  the  skin  over  a  projecting  fragment,  or  as  the  result  of 
contusion  of  the  skin  and  subcutaneous  tissue.  A  more  severe  form  is  that  which  takes 
place  at  the  moment  of  the  accident  when  the  upper  fragment  is  *brced  right  through 
the  skin,  and  it  is  difficult,  or  even  impossible,  to  reduce  the  fracture  without  enlarging 
the  wound  or  dividing  the  tendo  Achillis,  or  even  sawing  off  a  portion  of  the  pro- 
jecting bone.  The  worst  forms  of  compound  fractures  are  those  produced  by  the 
passage  of  a  heavy  waggon  or  railway  carriage  over  the  limb,  and  in  these  cases  there 
is  usually  so  much  comminution  of  the  bones,  and  such  extensive  bruising  and 
laceration  of  the  soft  parts,  that  immediate  amputation  is  the  only  proper  treatment. 
In  other  cases,  such  as  are  produced  by  the  kick  of  a  horse,  although  the  bones  are 
greatly  comminuted  and  the  skin,  cellular  tissue,  and  muscles  much  damaged,  yet  if 
the  chief  vessels  and  large  nerves  of  the  limb  are  uninjured,  an  attempt  should  almost 
always  be  made  to  save  the  limb,  more  especially  if  the  patient  be  young,  or  of  a  good 
constitution  and  of  sober  and  regular  habits. 

There  is  a  variety  of  fracture,  in  which  the  fractured  bones  do  not  communicate 
with  an  open  wound,  and  therefore  not  compound,  which  is  quite  as  bad  as  the 
worst  forms  of  compound  fracture,  and  equally  with  them  demands  immediate 
amputation.  It  is  that  in  which  all  the  structures,  except  the  skin,  are  crushed  and 
pulped.    In  these  cases,  if  amputation  is  delayed,  mortification  will  set  in. 

Treatment. — Perhaps  the  best  guide  tc  the  treatment  of  bad  compound  fractures 
is  to  be  found  in  the  amount  and  importance  of  the  soft  parts  left  uninjured  by  the 
accident.  If  the  temperature  and  sensation  of  the  foot  are  perfect,  we  may  be  sure 
that  the  principal  nerves  and  blood-vessels  of  the  limb  are  intact,  and  we  may 
fairly  hcpe  for  the  repair  of  the  injury;  whereas,  under  contrary  conditions,  a 
favourable  termination  can  hardly  be  looked  for. 

When  the  attempt  to  save  the  limb  is  determined  on,  the  skin  of  the  leg  should 
be  well  washed  ;  the  wound  thoroughly  cleansed  and  well  irrigated  with  a  solution 
of  tincture  of  iodine  in  water  (of  a  dark  sherry  colour) ;  any  foreign  body,  blood- 
clot,  or  completely  pulped  muscular  or  other  soft  tissue  removed,  as  well  as  all  loose 
fragments  of  bone ;  sharp  edges  or  angles  of  bone  should  be  rounded  off*  with  bone 
forceps,  so  that  they  may  not  further  damage  the  tissues ;  but  any  large  splinters 
still  firmly  adherent  to  the  rest  of  the  bone  by  periosteum  should  be  left  and  well 
adjusted.  If  the  skin  is  separated  from  its  deep  connections  by  blood  clot,  incisions 
should  be  made  and  the  blood-clot  removed  ;  and  the  bones  should  be  brought  into  the 
best  position  possible,  taking  case  that  no  portions  of  the  soft  tissues  are  between  the 
fractured  ends.  So  important  is  this  last  precaution  as  a  means  of  preventing  false 
joints  and  non  -union  of  fractures,  that  when  there  is  any  doubt  on  this  point,  the  wound 
may  be  enlarged  for  the  special  purpose  of  introducing  the  finger  and  exploring  the 
broken  ends.  Occasionally  recesses  or  pouches  will  have  been  made  amongst  the  injured 
tissues ;  in  this  case  drainage-tubes  or  counter-openings  will  be  required.  If  there 
1  Gosselin,  Clin.  chit.  t.  i.  pp.  215,  21G. 
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is  bleeding,  it  must  be  stopped  if  possible  before  the  dressings  are  permanently  applied. 
The  hemorrhage  may  be  either  arterial  or  venous ;  if  the  latter,  the  application  of 
cold  and  the  elevation  of  the  limb  after  it  is  set  will  probably  suffice  to  check  it.  If 
arterial,  the  bleeding  vessel  must  be  sought  for,  after  enlarging  the  wound  if  necessary, 
and  torsioned  or  tied  ;  if  the  wound  be  in  the  lower  third  of  the  leg,  there  will  pro- 
bably be  no  great  difficulty  about  this;  but  if  in  the  upper  part,  there  may  be  no 
alternative  but  amputation.  It  is  no  rare  thing  for  the  anterior  tibial  vessel  when 
divided  in  its  upper  part  to  be  quite  retracted  through  the  interosseous  opening,  so 
that  no  amount  of  searching  could  discover  the  upper  end  of  the  bleeding  artery.  I 
have  found  this  on  dissection  to  be  the  case  in  two  or  three  instances.  If  the  bleed- 
ing artery  be  but  a  small  one,  a  compress  applied  lightly  over  the  main  trunk,  high 
above  the  wound,  for  a  short  time,  may  suffice.  In  no  case,  however,  must  compresses 
be  put  on  over  the  wound  to  stop  venous  haemorrhage  ;  such  a  practice  only  tends 
to  divert  the  blood  from  the  exterior  to  the  interior  of  the  limb,  and  so  to  cause  ex- 
tensive extravasation  beneath  the  skin  and  among  the  muscles.  When  there  is  general 
oozing  or  bleeding  from  muscle,  ergot  of  rye  in  5ss  doses  every  hour  or  half-hour 
will  often  prove  most  useful.  In  the  slighter  cases  of  compound  fractures,  such 
as  the  first  two  varieties  mentioned  above,  nothing  more  is  necessary,  after  well  clean- 
ing the  parts  with  the  iodine  or  carbolic  solution,  than  to  restore  the  bone  to  position, 
and  cover  the  wound  with  dry  absorbent  cotton- wool,  or  terebene  and  olive  oil  (1 
part  to  6).  or  carbolized  oil  (1  part  in  10),  or  a  little  boracic  ointment,  or  vase- 
line and  iodoform  (5  grains  to  the  ounce).  The  plan  of  chloroforming  the  patient, 
removing  him  to  a  special  theatre,  and  there  in  all  cases  enlarging  the  wound  '  suffi- 
ciently to  admit  the  finger  freely,  or  to  allow  of  the  seat  of  fracture  being  seen  when 
the  soft  parts  are  retracted,' 1  is  not  to  be  literally  followed ;  in  a  great  number  of 
cases  such  treatment  is  quite  uncalled  for,  and  therefore  must  be  condemned  as 
meddlesome  and  harmful.  The  mode  of  dealing  with  the  external  wound  ought  to 
depend  on  its  nature,  and  the  way  in  which  it  was  caused ;  the  mere  exclusion  of 
air  by  means  of  a  piece  of  cotton-wool  soaked  in  blood  or  benzoin,  or  saturated  with 
a  little  collodion,  will  suffice  in  some  cases ;  whereas  in  others  it  may  be  necessary 
to  enlarge  it  for  one  or  other  of  the  causes  mentioned  above.  A  general  rule  of 
practice  as  being  applicable  to  all  cases  is  not  to  be  emphatically  laid  down;  common 
sense  and  the  broad  principles  of  surgery  should  be  the  guide  in  every  individual 
case.  The  particular  dressings  employed  will  vary  with  different  surgeons;  some 
will  prefer  irrigation,  some  the  method  of  Mr.  Lister,  some  dry  dressing  in  another 
form,  as  absorbent  cotton-wool,2  boracic  or  salicylic  lint,  or  even  dry  well-sifted 
earth  or  pads  of  carbolized  or  iodoformized  moss  peat.3 

Personally,  I  prefer  to  keep  the  wound  covered  with  dry  cotton-wool,  or  lint  well 
soaked  in  terebene  oil,  or  with  lint  thickly  covered  with  vaseline  and  iodoform,  and 
over  this  a  thick  layer  of  absorbent  cotton- wool  simply  laid  on,  or  retained  if  necessary 
by  a  turn  or  two  of  bandage.  The  form  of  apparatus  must  vary  according  to  the 
position  of  the  fracture  and  the  position  and  extent  of  the  wound,  the  one  great 
requirement  being  the  facile  dressing  of  the  wound  without  disturbing  the  fracture. 
The  back  and  side  splints  illustrated  above  (fig.  182),  with  an  interruption  in  the  side 
splints  opposite  the  wound  ;  or  Maclntyre's  splint  as  improved  by  Liston,  will  usually 
answer  the  purpose  well. 

The  after  treatment  of  every  case  of  compound  fracture  must  be  most  vigilantly 
watched,  and  the  surgeon's  constant  and  unflagging  attention  must  be  given  to  the 
details  of  local  and  general  treatment.  Daily  irrigation  if  there  be  much  discharge ; 
early  opening  of  abscesses;  counter  openings  or  judiciously  arranged  pressure  to  prevent 
the  bagging  of  pus  ;  the  removal  of  necrosed  fragments  of  bone ;  lead  and  opium  lotion, 

1  '  Abstract  of  a  Clinical  Lecture  on  the  Treatment  of  Compound  Fractures,'  by  Prof. 
Richard  Volkmann,  Med.  Times  and  Gaz.  Nov.  24,  1877. 

2  Gamgee,  '  Primary  Union  of  Wounds,'  Trans.  Int.  Med.  Congress,  Lond.  1881. 

3  I  have  been  using  German  moss  peat  finely  powdered  and  sifted,  occasionally,  for  some 
months  past.  I  have  now  specimens  of  carbolized  and  iodoformized  peat  which  I  am  trying ; 
it  is  very  useful  in  stinking  cancerous  sores  and  incontinence  of  urine,  and  I  have  no  doubt 
will  be  found  serviceable  as  pads  in  complicated  fractures. — H.  M. 
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or  carrot  poultices  applied  warm  to  sloughing,  inflamed  and  painful  surfaces;  and  oiled 
lint  or  zinc  ointment  to  prevent  excoriation  or  sloughing  of  the  heel,  dorsum  of  the  foot, 
and  the  skin  between  the  toes,  should  be  resorted  to  in  good  time.  Attention  should 
be  paid  to  the  digestive  and  excretive  organs,  to  regulating  the  diet  and  to  procuring 
restful  sleep.  To  prevent  the  near  contact  of  soiled  bandages  or  pads,  the  latter 
should  be  neatly  covered  with  strong  oil  silk,  and  the  bandages  or  straps  should  not 
be  within  reach  of  the  discharges  or  near  enough  to  become  soiled  during  the  irriga- 
tion of  the  wound.  Unnecessarily  frequent  changes  of  dressing  should  however  be 
avoided. 

By  such  means  as  these  the  worst  cases,  and  some  even  of  those  in  which  at  first 
sight  any  attempt  to  save  the  limb  seems  utterly  hopeless,  will  recover. 

Fractures  of  the  Foot. 

These  are  most  frequently  caused  by  heavy  bodies  falling  upon  or  crossing  over 
the  foot,  and  so  crushing  it :  hence  the  soft  parts  also  are  not  unfrequently  lacerated 
or  contused  to  such  an  extent  as  to  require  the  removal  of  a  part,  or  the  whole,  of 
the  foot;  if,  on  the  other  hand,  the  soft  parts  are  not  much  injured,  rest  and 
support,  together  with  evaporating  lotions,  constitute  the  only  treatment  necessaiy. 

In  falling  from  a  height  on  to  the  feet  the  bones  of  the  leg  more  frequently  yield 
than  those  of  the  tarsus  ;  sometimes,  on  the  contrary,  the  larger  bones  of  the  tarsus 
give  way,  and  not  the  tibia  and  fibula;  in  other  cases  again,  as  in  a  woman  recently 
under  my  care  who  had  jumped  from  a  first-floor  window,  both  astragalus  and  os 
calcis  are  more  or  less  completely  crushed,  and  there  is  besides  a  compound  or 
compound  and  comminuted  fracture  of  the  bones  of  the  leg.  In  the  case  of  the 
woman  referred  to,  the  skin  covering  the  tarsal  bones  was  not  injured,  but  the  bones 
were  so  shattered  that  the  back  portion  of  the  foot  felt  like  a  bag  of  broken  frag- 
ments. That  the  bones  of  the  leg  should  be  broken  more  frequently  than  those  of 
the  tarsus  in  falls  upon  the  feet  is  only  what  might  have  been  expected  from  their 
greater  length,  and  from  being  the  direct  transmitters  of  the  weight  of  the  body ; 
whereas  in  the  tarsus  the  weight  is  at  once  diffused,  the  bones  are  small  and  irregular 
in  size,  capable  of  considerable  gliding  movement  upon  one  another,  and  mutually 
supported  by  more  or  less  yielding  but  strong  ligaments. 

Agnew's  1  tables  show  that,  out  of  8,667  fractures,  172  involved  the  foot,  and  of 
this  number  no  less  than  77  were  compound  or  compound  and  comminuted ;  there 
were  7  fractures  of  the  astragalus,  14  of  the  os  calcis,  and  25  of  the  other  bones  of 
the  tarsus  ;  but  probably  these  numbers  do  not  nearly  represent  the  frequency  of  the 
fractures  of  these  bones,  for  of  the  172  there  are  not  less  than  91  unclassified. 
Amputation  was  required  44  times ;  23  out  of  the  172  cases  died;  of  120  cases  in 
which  the  sex  is  stated,  118  were  males. 

Fractures  of  the  tarsus. — The  only  bones  of  the  tarsus  the  fractures  of  which 
require  special  notice  are  the  astragalus  and  os  calcis. 

Fractures  of  the  astragalus,  according  to  Malgaigne,  are  always  caused  by  a  fall 
from  a  height,  and  occasionally  in  such  accidents  the  only  tarsal  bone  which  is 
broken  is  the  astragalus,  while  in  a  general  crushing  of  the  tarsal  bones,  it  nearly 
always  escapes  injury. 

M.  Rondeau  2  has  reported  a  case  of  oblique  fracture  of  the  neck  of  the  astragalus 
close  to  the  anterior  border  of  the  trochlear  surface  of  the  bone.  The  head  of  the 
bone  preserved  its  connections  with  the  scaphoid.  The  fibula  was  fractured  in  its 
lower  part,  and  the  tibia  through  its  shaft  several  inches  higher  than  the  fibula.  It 
is  remarkable  in  this  case  that  all  three  of  the  bones  should  have  been  fractured, 
whilst  the  epiphysial  cartilages  were  still  unossified.  The  specimen,  which  is  a  good 
one,  is  to  be  seen  in  the  Dupuytren  Museum.  Mr.  Bryant  3  is  disposed  to  think 
that  simple  fracture  of  the  astragalus  is  more  common  than  is  supposed,  but  that 
the  injury  being  difficult  to  diagnose  is  often  overlooked.    He  has  on  occasions 

1  Agnew's  Surgery,  vol.  i.  p.  997. 

2  Rondeau,  Butt,  de  la  Soc.  Anat.  2nd  se'rie  t.  ix.  p.  303. 

3  Bryant,  Practice  of  Surgery,  vol.  ii.  p.  435,  3rd  ed. 
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removed  portions  of  the  bone  from  boys  with  acute  inflammation  of  the  ankle-joint 
following  injury,  the  pieces  removed  looking  as  if  they  had  been  broken  off.  In 
one  case  he  removed  from  the  inner  aspect  of  the  ankle  of  a  man  the  upper  half  of 
the  astragalus  that  had  been  fractured  and  displaced  six  months  previous. 

In  the  Museum  of  the  Middlesex  Hospital  is  an  astragalus  the  posterior  and 
inner  corner  of  which  has  been  broken  off,  the  fracture  extending  into  both  theankle- 
and  the  calcaneo-astragaloid  joint.  The  injury  at  the  time  was  regarded  simply 
as  a  sprain,  but  the  patient  dying  of  phlebitis,  the  fracture  was  discovered  and  pus 
was  found  in  the  joint.  A  man  was  in  the  Middlesex  Hospital  under  Mr.  De 
Morgan's  care  in  1874  whose  astragalus  had  been  fractured  three  years  before  by  his 
jumping  from  a  height  to  get  out  of  the  way  of  falling  timber.  These  cases  quite 
corroborate  Mr.  Bryant's  opinion. 

Fractures  of  the  astragalus  often  complicate  dislocations  of  the  bone ;  this 
subject  is  referred  to  under  '  Dislocations.'  The  direction  of  the  fracture  is  various  ; 
it  may  be  longitudinal,  transverse,  or  horizontal,  and  may  involve  either  the  body  or 
the  neck  of  the  bone.  Most  frequently  it  is  through  the  neck,  and  then  the  line  of 
fracture  may  be  vertical  or  oblique ;  when  oblique  from  above  downwards  and 
forwards,  the  astragalo-scaphoid  joint  is  involved ;  this  is  well  shown  in  a  specimen 
in  the  Middlesex  Hospital  Museum. 

Symptoms. — Inability  to  bear  pressure,  pain  increased  on  manipulation,  swelling, 
and  possibly  crepitus  on  fixing  the  posterior  and  moving  the  anterior  parts  of  the 
foot,  should  always  lead  to  the  suspicion  of  fracture  of  the  astragalus;  but  when 
there  is  no  displacement  of  the  fragment,  the  fracture,  unless  compound,  cannot 
usually  be  detected. 

Treatment. — In  simple  fracture  of  the  astragalus  without  displacement  no  special 
treatment  is  required  ;  the  foot  shoidd  be  kept  steady  in  a  back  or  side  splint,  the 
knee  bent  to  relax  the  muscles  attached  to  the  heel,  and  cold  applications  applied. 
If  displacement  exists,  an  attempt  should  be  made  to  get  the  fragment  back  into  its 
place  ;  this  has  succeeded,  though  it  has  also  often  failed.  In  the  compound  form  of 
injury,  the  portion  displaced  should  be  removed,  and  some  surgeons  think  it  better 
in  such  cases  to  take  away  the  whole  of  the  bone. 

The  os  colds  may  be  broken  either  by  crushing,  falling  from  a  height  on  the 
heel,  or  by  muscular  action.  The  fractures  may  be  either  transverse  or  longitudinal, 
simple  or  comminuted.  Transverse  fractures  of  the  calcis  are  either  vertical  or 
oblique,  and  are  caused  by  falls  on  the  heel  or  by  muscular  action.  Malgaigne  con- 
siders fracture  by  muscular  action  problematical ;  he  could  find  only  eight  cases  of 
the  sort  recorded,  and  most  of  them  so  loosely  that  they  fall  far  short  of  proof :  in 
two  cases  the  fracture  was  said  to  have  been  the  result  of  a  false  step  ;  in  one  it  was 
caused  by  the  upsetting  of  a  wagon,  in  five  by  falling  from  a  height  on  the  feet. 

There  are  some  few  cases,  however,  in  which  the  fracture  certainly  seems  to  have 
been  due  to  muscular  action  and  nothing  else  ;  such  is  Case  205  in  Sir  A.  Cooper's 
work,1  and  such  is  a  case  reported  by  Mr.  Anningson  2  of  Burnley.  In  the  latter,  a 
fragment  of  bone  was  torn  off  the  posterior  surface  of  the  os  calcis,  where  a  cavity 
could  be  felt ;  the  whole  depth  of  the  bone  had  not  been  torn  away,  but  only  the 
upper  three-fourths.  This  fragment  was  seen  at  the  back  of  the  leg  two  and  a  half 
inches  above  the  point  of  the  heel,  and  its  inferior  edge  tilted  backwards  so  as  to  project 
against  the  skin.  The  woman,  who  was  spare,  healthy,  and  42  years  old,  was  leaving 
a  shop,  and  not  knowing  there  was  any  alteration  of  level,  stepped  into  the  road  about 
six  inches  below. 

The  transverse  fracture  is  usually  situated  behind  the  astragalus,  and  if  due  to 
muscular  action  is  vertioal  or  nearly  so  in  direction.  The  extent  to  which  the 
detached  fragment  is  drawn  up  by  the  gastrocnemius  and  soleus  has  been  found  to 
vary  from  almost  nothing  to  five  inches ;  a  difference  which  is  probably  owing  to 
the  part  at  which  the  fracture  has  taken  place,  and  whether  the  posterior  fragment 
is  completely  isolated  from  the  rest  of  the  bone,  or  is  partially  connected  with  it  by 


1  Bransby  Cooper's  ed.  p.  339. 


-  Brit.  Med.  Jmirn.  Jan.  26,  1878,  p.  128. 
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the  fibrous  structures  in  the  sole.  The  nature  of  the  injury  is  easily  detected  by 
examination  ;  in  addition  to  the  pain,  swelling  and  extravasation  of  blood,  sometimes 
reaching  as  high  as  the  knee  {vide  Gascoyen,  op.  eit.),  and  deformity,  the  detached 
portion  can  be  felt,  and  its  relative  distance  from  the  heel  will  be  lessened  or  in- 
creased by  extension  and  flexion  of  the  foot. 

Malgaigne  said  that  this  fracture  was  always  situated  behind  the  astragalus,  but 
since  1856  at  least  this  has  been  known  not  to  be  invariably  the  case.  In  that  year 
Mr.  Gascoyen,1  of  St.  Mary's  Hospital,  published  a  case  in  which  the  fracture  passed 
obliquely  from  above  downwards  and  forwards  at  the  junction  of  the  posterior  two- 
thirds  with  the  anterior  one-third.  Berard  had  a  similar  case.  The  specimen  is  in 
the  Paris  Museum.2  Mr.  Gascoyen  pointed  out  that  crepitus  could  be  felt  by  moving 
the  unnaturally  mobile  heel  from  side  to  side,  as  well  as  by  holding  the  heel  and 
flexing  the  ankle,  or  by  the  patient  moving  his  toes  whilst  his  malleoli  and  foot  were 
grasped  ;  pressing  on  the  calf  of  the  leg,  or  otherwise  irritating  the  gastrocnemii, 
provoked  a  loud  snap  and  a  feeling  to  the  patient  of  a  grating  at  the  heel.  The 
treatment  consists  in  subduing  the  inflammation  and  keeping  the  foot  fixed  and 
extended  and  the  leg  flexed,  by  any  of  the  contrivances  made  use  of  in  rupture  of  the 
tendo  Achillis. 

Splintered  fractures  of  the  os  calcis  are  caused  either  by  a  fall  from  a  height  on 
the  soles  of  the  feet  or  by  some  heavy  body  passing  over  or  falling  upon  the  foot. 
In  these  cases  the  spongy  tissue  is  crushed  by  the  forcible  flattening  which  its 
substance  undergoes,  the  superior  surface  is  greatly  comminuted,  and  the  inferior 
part  of  the  calcaneum  is  fractured  into  three  longitudinal  portions,  two  lateral  and  a 
median,  which  are  more  or  less  widely  separated,  and  hence  results  a  notable 
widening  of  the  bone.  Moreover  the  sustentaculum  tali  is  broken  near  its  base,  and 
becomes  frequently  displaced  inwards.  There  are  in  the  Dupuytren  Museum  eight 
specimens  of  fractured  os  calcis,  four  of  which  are  of  this  character  ;  in  three  the  bone 
has  been  broken  into  many  fragments,  literally  smashed  indeed  ;  and  in  one  the 
fracture  is  oblique  from  above  down  and  from  behind  forwards,  and  each  of  these  two 
portions  is  itself  comminuted. 

In  all  these  fractures  by  crushing,  the  symptoms  are  more  severe,  the  pain, 
swelling,  and  ecchymosis  greater,  and  the  crepitation  more  obscure ;  the  two  most 
characteristic  signs  are,  increased  width  of  the  os  calcis  opposite  the  malleoli,  and 
lowering  of  the  arch  of  the  foot.  This  fracture  has  been  mistaken  for  a  sprain  ;  and 
because  of  the  much  greater  tumefaction  around  the  external  malleolus  than  at  the 
back  or  inner  side  of  the  ankle,  for  a  fracture  of  the  fibula  without  displacement, 
from  either  of  which  it  may  be  distinguished  by  the  above-mentioned  symptoms 
and  a  careful  manual  examination.  Consolidation  takes  place  slowly,  and  it  is  often 
several  months  before  the  functions  of  the  foot  and  ankle  are  restored.  The  best 
method  of  treatment  consists  in  placing  the  limb  on  its  outer  side,  on  a  Sharp's 
splint,  till  all  the  acute  symptoms  have  subsided,  when  some  of  the  forms  of  the 
immovable  apparatus  may  be  substituted,  and  the  patient  allowed  to  go  about  on 
crutches.  The  apparatus  should  be  worn  for  two  months  before  attempting  to  use 
the  foot. 

Professor  Abel  3  has  written  on  fracture  of  the  sustentaculum  tali,  which  he  thinks, 
both  as  regards  cause  and  symptoms,  differs  from  either  of  the  above  forms  of  fracture 
of  the  os  calcis.  He  relates  three  cases ;  and  says  that  the  accident  may  occur 
either  by  a  fall  on  the  sole  of  the  foot,  in  which  form  the  fracture  is  only  the  first 
stage  of  smashing  of  the  entire  bone  ;  or  it  may  be  broken  in  forced  supination  of  the 
foot,  where  it  is  forced  strongly  against  the  astragalus.  The  last  mode  of  origin 
gives  rise  to  this  characteristic  symptom,  that  if  the  injured  person  attempts  to  walk, 
the  foot  is  thrown  into  a  valgus  position.  The  tension  of  the  tarsal  ligaments 
becomes  so  great  in  this  form  of  fracture,  in  consequence  of  the  loss  of  support  of  the 
sustentaculum,  that  walking  and  standing  are  unbearably  painful.    Crepitation  and 

1  Gascoyen,  Med.-Chir.  Trans,  vol  xxxix.  p.  283,  1856.  Vide  also  Gamgee,  Fractures  of 
the  Limbs,  p.  85,  1871.  2  M.  Houel's  Catalogue,  du  Musee  Dupuytren,  No.  24. 

3  Abel,  Archiv  far  Min.  Chir.  Baud  xxii. ;  and  Brit.  Med.  Jmirn.  Nov.  9,  1878;p.  693. 
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abnormal  mobility  may  be  present,  but  are  easily  masked  by  the  tumefaction,  which 
is  generally  considerable,  and  owing  to  the  astragalus  and  tibia  being  pushed  some- 
what backwards,  the  distance  between  the  posterior  border  of  the  malleoli  and  the 
tendo  Achillis  is  somewhat  diminished.  These  symptoms  Professor  Abel  thinks 
should  enable  the  surgeon  to  distinguish  this  fracture  from  splintered  fracture  of  the 
os  calcis,  fracture  of  the  fibula,  of  the  internal  malleolus,  or  of  the  astragalus,  or 
from  dislocation  of  the  astragalus.  The  prognosis  is  not  unfavourable,  though  the 
tendons  connected  with  the  sustentaculum  tali  must  be  expected  to  remain  weak  for 
a  long  time.  The  treatment  consists  in  replacing  the  fragment  and  retaining  it  in 
position  by  a  well-fitting  bandage. 

Fracture  of  the  cuboid  bone. — The  cuboid  is  sometimes  fractured,  but  generally  in 
association  with  other  of  the  tarsal  bones. 

Fractures  of  the  metatarsal  bones  and  phalanges  are  always  the  result  of  direct 
violence,  and,  if  simple,  require  no  treatment  but  rest,  a  small  splint,  and  the 
ordinary  remedies  to  subdue  inflammation.  If  compound,  the  treatment  must  be 
regulated  by  the  number  of  bones  fractured,  their  degree  of  comminution  or  dis- 
placement, and  the  condition  of  the  soft  parts  ;  if  the  latter  are  not  br  uised  beyond 
recovery,  and  if  the  bones  can  be  replaced,  and  the  constitution  of  the  patient  is 
good,  an  attempt  should  be  made  to  save  the  part.  Under  opposite  circumstances, 
it  should  be  removed,  care  being  taken  to  leave  as  much  of  the  sound  portions  as 
shall  insure  a  useful  stump. 

Dislocations  of  the  Hip. 

Dislocations  of  the  hip  are  by  no  means  frequent  accidents  even  in  hospital 
practice  ;  as  compared  with  dislocations  of  the  corresponding  joint  in  the  upper  limb 
they  are  very  rare  indeed  ;  but  in  the  lower  extremity  probably  no  joint  is  so  fre- 
quently dislocated  as  the  hip. 

In  491  cases  collected  by  Malgaigne  at  the  Hotel  Dieu,  the  hip,  next  after  the 
shoulder,  was  found  to  be  the  joint  most  liable  to  dislocation  ;  this  is  seen  in  the 
following  table  1  : — 


Thumb  .    .  . 

,    .  17 

Knee 

Hip  .   .    .  . 

34 

Wrist    .    .  . 

.    .    .  13 

.    .    .  33 

.    .    .  7 

Patella 

.    .    .  26 

7 

Spine 

.    .    .  20 

Shoulder    .    .  . 

.    .  133 

Hip  

8 

Clavicle  .... 

.    .  8 

Patella  .... 

10 

12 

Knee  (partial ) 

.    .  1 

Upper  end  of  ulna  . 

.  8 

5 

Upper  end  of  radius 

.  6 

Wrist  

.  0 

0 

17 

In  the  ten  years  1870-1879  at  the  Middlesex  Hospital  the  registers  of  both  in-  and 
out  door  patients  show  283  cases  of  dislocations  of  all  sorts.    Of  these  there  were  : — 

Knee  (semilunar  carti- 
lages of  knee)  .  . 
Foot 3  (including  ankle, 
astragaloid  and  sub- 
astragaloid)     .  . 
Radius  and  ulna  at  elbow  20 

Dislocations  of  the  hip  occur  at  all  ages,  and  cases  are  on  record  from  the  sixth 
month  to  the  eighty-fifth  year.  Mr.  Pollock  3  has  reduced  sciatic  dislocations  in  two 
men  each  72  years  old.  A  case  is  on  record  of  dislocation  into  the  obturator  foramen 
at  the  sixth  month  ; 4  it  was  easily  reduced  by  manipulation.  Hippocrates  appears 
to  have  observed  in  children  (dans  la  periode  de  croissance)  the  four  varieties  of  dis- 
location of  the  hip;  and,  as  at  his  time  the  means  of  reduction  were  unknown,  he 
contrasts  the  symptoms  of  the  different  unreduced  luxations  as  seen  in  children  and 
in  adults,  and  says  that  they  were  much  more  severe  in  children  owing  to  the  inter- 
ference with  growth  and  development.5 

'  Trade  des  Fractures  et  des  Luxations,  1855,  tome  ii.  p.  8. 

'-'  Pott's  fractures  are  not  included,  but.  only  cases  in  which  the  dislocation  was  the  chief 
feature.  :<  Lancet,  1880,  p.  130,  vol.  ii. 

1  IWdrell,  Lancet,  May  16,  1808,  vol.  i.  p.  017. 
6  Hippocrates'  works  :  French  by  Lit  Ire,  t.  iv.  p.  243  et  seq. 
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Museum  specimens  of  dislocations  from  disease,  and  congenital  dislocations,  tend 
to  confirm  this  statement. 

As  a  rule,  however,  dislocations  of  the  hip  are  accidental  and  the  result  of  great 
violence  ;  hence  they  most  frequently  occur  in  men  during  the  middle  periods  of  life — i.e. 
between  20  and  50  years  of  age ;  and  happen  perhaps  more  frequently  to  miners  and 
navvies  than  to  any  other  particular  class.  Malgaigne  1  found  that,  out  of  51  cases 
of  dislocation  of  the  hip,  42  were  males,  and  9  females ;  and  the  following  were 
the  ages  of  the  sufferers  : — 


At  3  vears  of  age  1 

From  16  to  20  8 

„    20  to  45  27 


From  45  to  60  10 

„    60  to  85  5 


In  the  56  cases  of  this  accident  collected  by  Sir  A.  Cooper,  the  age  of  the  patient 
is  not  stated  in  eleven  ;  but  in  the  remaining  45,  7  were  under  20  years  of  age,  7 
were  50  and  upwards,  and  31  were  between  20  and  50. 2 

Although  dislocations  of  the  hip  cannot  usually  happen  without  the  application 
of  great  force,  individuals  have  been  met  with  who  possessed  the  power  of  volun- 
tarily dislocating  their  hip,  and  again  reducing  it,  as  related  by  Sir  A.  Cooper,''' 
Stanley,4  and  Brodie.5 

Dislocation  of  the  hip  sometimes  takes  place  spontaneously,  in  consequence,  it  is 
supposed,  of  paralysis  of  the  muscles ;  and  Stanley  6  has  recorded  a  case  in  which 
spontaneous  dislocation  occurred  at  both  hips  from  spasms  of  the  muscles  during  what 
is  now  known  as  locomotor  ataxy.  Mr.  Stanley's  case  is  of  great  interest,  as  the 
association  between  joint  affections  and  this  disease  has  recently  excited  much  atten- 
tion through  the  writings  of  M.  Charcot  and  others. 

I  have  known  one  case  in  which  the  dislocation  seemed  to  be  due  to  muscular 
action  ;  the  subject  of  it  was  a  woman  28  years  old,  who  felt  a  sudden  pain  in  the  hip, 
and  immediately  afterwards  noticed  shortening  and  inversion  of  the  limb. 

Dislocation  of  the  hip  also  occurs  as  the  result  of  inflammatory  disease  of  the 
joint.  Hippocrates  gives  a  summary  description  of  dislocation,  clearly  the  result  of 
coxalgia.  It  has  been  doubted  if  this  ever  occurs  until  the  joint  has  become  com- 
pletely disorganised  ;  however,  quite  recently  Mr.  Rivington  haa  reported  an  inter- 
esting case  of  complete  dorsal  dislocation  in  an  early  stage  of  hip-joint  disease,  in 
which  the  reduction  was  effected  and  the  patient  recovered  with  anchylosis.7  Dis- 
location of  the  hip  is  sometimes  the  consequence  of  rheumatic  affection  of  the  joint. 

Occasionally  dislocation  of  the  hip  is  congenital,  and  is  then  associated  with,  pro- 
bably even  the  result  of,  an  undeveloped  stato  of  the  acetabulum.  There  is  difficulty 
often  in  saying  whether  a  given  case  is  due  to  disease,  or  the  result  of  congenital 
defect ;  in  each  case  the  acetabulum  is  of  a  triangular  shape  and  shallow ;  in  each 
the  capsular  ligament  may  be  elongated,  and  intact;  and  in  each  the  pelvis  is 
asymmetrical  from  ill-development,  when  one  joint  only  is  affected.  The  best 
evidence  of  congenital  dislocation  is  the  similar  condition  of  both  hips,  congenital 
dislocation  being  often  double,  dislocation  from  disease  not  so  ;  and  the  elongation  of 
the  round  ligament,  which  is  otherwise  intact. 

We  have,  however,  now  to  deal  with  those  dislocations  only  which  are  the  con- 
sequence of  violence,  though  a  few  words  more  will  be  said  at  the  end  of  this  section 
on  spontaneous  dislocations. 

When  once  displaced  the  head  of  the  femur,  as  Mr.  Bryant  8  puts  it,  '  may  rest 
at  any  point  round  its  socket,'  but  in  the  great  majority  of  cases  it  will  be  found  in 
one  or  other  of  four  positions,  two  of  which  are  posterior,  one  downwards  and  forwards 
and  the  other  upwards  and  forwards.  In  the  posterior  displacements  the  head  of  the 
bone  is  either  on  the  dorsum  ilii,  or  on  some  part  of  the  ischium;  in  the  downward 

1  Malgaione,  op.  cit.  p.  805. 

2  On  Dislocations  and  Fractures  of  the  Joints,  5th  ed.    Edited  by  Bransby  B.  Cooper. 

3  Op.  cit.  case  2.  1  Stanley,  Med.-Chir.  Trans,  vol.  xxiv. 
5  Brodie,  On  the  Joints.                        6  Loc.  supr.  cit. 

7  Rivington,  Lancet,  Sept.  21,  1878,  p.  396. 

8  Bryant,  Practice  of  Surgery,  vol.  ii.  p.  351 ,  3rd.  ed. 
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and  forward  variety  it  occupies  the  thyroid  foramen  ;  and  when  upwards  and  forwards 
it  is  on  the  ilium  at  the  junction  of  the  ilium  with  the  horizontal  ramus  of  the  pubis. 
The  relative  frequency  with  which  these  varieties  of  dislocation  are  met  with  can  be 
inferred  from  Hamilton's  and  A.  Cooper's  figures:  out  of  124  cases  (excluding  the 
anomalous  luxations),  67  were  on  the  dorsum  ilii ;  33  '  into  the  ischiatic  notch  ; '  15 
into  the  obturator  foramen  ;  and  9  upon  the  '  pubis.'  In  the  experience  of  Malgaigne, 
Chelius  and  Fergusson,  the  dislocation  into  the  obturator  foramen  was  the  most  rare. 
Mr.  Bryant  states  that,  of  54  cases,  27  were  on  the  dorsum  ilii,  12  into  the  thyroid 
foramen,  8  into  the  sciatic  notch,  and  7  on  the  '  pubis.'  Of  ten  cases  Syme  1  found 
1  on  the  '  pubis,'  1  on  the  foramen  ovale,  2  in  the  '  ischiatic  notch,'  and  6  on  the 
dorsum  ilii. 

Double  luxation  of  the  hip,  i.e.  luxation  of  both  hips  in  the  same  person  at  the 
same  time,  is  very  rare  indeed.  Gross,  in  his  '  System  of  Surgery,'  mentions  three 
instances  in  one  of  which  the  displacements  were  iliac  and  thyroid  and  in  another  iliac 
and  pubic.  In  Crawford's  case,  referred  to  further  on,  one  hip  suffered  dorsal, 
the  other  ischiatic  luxation. 

Mechanism  of  dislocation  of  the  hi}). — To  understand  the  mechanism  of  dislocation 

and  the  mode  of  reduction,  it  is  necessary  to  have  a  clear  idea  of  the  anatomy  of  the 

joint,  and  especially  of  its  capsular  ligament. 
Natural  Appearance  of  the  R  h    ^  bg  b        £      .  d  (1)   fa      h  thickest 
the  Capsule  oi  the  Hip-  \  '  > 


Fie.  183 
Front  oi' 


joint. 


strongest,  and  deepest  part  of  the  rim  of  the 
acetabulum  is  its  upper  and  posterior  portion, 
whilst  the  lower  and  inner  part  is  very  shallow, 
and  at  one  place  interrupted  for  nearly  one  inch 
by  the  cotyloid  notch.  (2)  The  articular  head 
of  the  femur  is  so  shaped  that  when  the  thigh, 
whether  flexed  or  extended,  is  adducted,  it  passes 
into  the  deepest  part  of  the  acetabulum,  and 
is  resisted  by  the  strong,  deep  part  of  the  rim  of 
the  socket ;  whereas  during  abduction  combined 
with  flexion  (especially  if  the  thigh  be  also  rotated 
inwards),  the  head  of  the  femur  bulges  over  the 
shallow  acetabular  rim  at  the  back  of  the 
cotyloid  notch,  and  during  abduction  with  ex- 
tension at  the  front  of  the  cotyloid  notch.  (3) 
The  capsular  ligament  varies  much  in  thickness 
and  strength  ;  and,  owing  to  the  manner  in  which 
its  component  fibres  pass  between  the  innomi- 
nate bone  and  the  femur,  all  that  part  which  is 
attached  to  the  back  and  upper  margin  of  the 
acetabulum  is  thick  and  strong,  whereas  all 
attached  to  the  back  of  the  femur  is  thin  and 
easily  torn  ;  conversely,  all  attached  to  the  inner 
and  lower  part  of  the  acetabulum  is  thin  and 
weak,  whereas  all  which  is  connected  with  the  front  of  the  femur  is  very  strong  and 
receives  the  name  of  the  ilio-femoral  ligament.  The  strong  part  of  the  capsule  may 
indeed  be  marked  off  from  the  thin  and  weak  by  two  lines,  one  passing  from  the 
anterior  inferior  iliac  spine  to  the  front  of  the  small  trochanter,  and  the  other  from 
the  upper  border  of  the  tuber  ischii  to  the  fore  part  of  the  digital  fossa.  The 
ligament  above  these  lines  is  strong  ;  that  below  them  is  thin  and  weak,  and  is  the 
part  upon  which  the  head  of  the  femur  presses  in  all  positions  of  abduction.  Thus 
the  weak  part  of  the  capsule  is  on  the  same  side  of  the  joint  as  the  shallow  rim  of 
the  acetabulum,  and  it  is  here  that  the  femoral  head  bulges  more  than  half  out  of 
its  socket  during  marked  abduction,  and  there  is  but  the  slen  1  r  pectineo-femoral 
band  to  resist  it.  (4)  Lastly,  the  round  ligament,  which  during  adduction  is  tense, 
is  during  abduction  quite  slack,  and  is  ready  to  be  torn  asunder  by  any  sudden  jerk, 

1  Syme,  Contributions  to  Path,  and  Practical  Surgery,  p.  270. 


n.  baud  from  vastus  externum  to  lone  tendon  of 
the  biceps  ;  />,  pectineo-femoral  band  ;  c,  the 
femoral  ligament. 
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just  as  a  piece  of  string  is  snapped  when  its  ends  are  twisted  round  the  finger  of  each 
hand.  In  fact,  there  is  a  natural  tendency  for  the  hip  to  be  dislocated  during 
abduction  of  the  thigh. 

As  a  consequence  of  all  this,  it  is  found  that  in  dislocations  of  the  thigh,  whether 
forward  or  backward,  and  when  unassociated  with  fracture,  the  rent  in  the  capsule 
is  at  the  lower,  or  lower  and  inner  part  if  we  speak  of  the  ligament  with  reference 
to  its  acetabular  connections,  but  at  the  back  part  of  the  capsule  if  we  refer  to  its 
femoral  section.  Generally  the  rupture  is  jagged  and  irregular,  but  will  be  found 
to  extend  more  or  less  directly  from  near  the  shallow  rim  of  the  acetabulum  across 
the  thin  portion  of  the  capsule  to  the  femur  near  the  small  trochanter,  and  then  to  run 
along  the  back  of  the  ligament  close  to  its  attachment  to  the  neck  of  the  bone  ;  or  the 
ligament  may  be,  and  often  is,  literally  peeled  off  the  back  of  the  femoral  neck.  Once 
out  of  its  socket  the  bone  will  remain  just  below  at  the  thyroid  foramen,  or  near  the 
ischial  tuberosity ;  or  it  will  plough  its  way  around  the  back  or  front  of  the  ace- 
tabulum or  towards  the  perinseum,  according  to  the  position  into  which  the  person  is 
thrown  by  the  dislocating  violence.  Thus,  if  the  limb  be  flexed  on  the  pelvis,  and 
rotated  inwai'ds,  or  the  pelvis  be  correspondingly 

moved  on  the  thigh  at  the  moment  of  displacement,  Fig.  184. — Rupture  of  Capsule  in 
the  head  of  the  femur  will  take  a  backward  course,  Hip-Dislocations,  as  seen  from 
and  will  rest  on  the  dorsum  ilii  or  some  part  of 
the  ischium.  On  the  other  hand,  extension  and 
outward  rotation  will  cause  the  head  of  the  bone 
to  travel  upwards  and  forwards,  and  what  is  called 
a  dislocation  on  to  the  pubis  will  occur.  Very 
forcible  abduction,  continued  after  the  head  of  the 
bone  has  left  the  socket,  will  send  the  head  into 
the  perinseum.  Finally,  if  the  dislocation  is  neither 
accompanied  nor  followed  by  rotation,  or  forced 
flexion  or  extension,  the  head  of  the  femur  will 
remain  below  the  acetabulum,  and  will  occupy  the 
foramen  ovale  if  it  takes  a  slightly  forward  direction 
in  its  descent ,  or  some  position  near  the  tuberosity 
of  the  ischium  if  it  leaves  its  socket  in  a  backward 
and  downward  direction. 

In  other  words,  all  forms  of  dislocation  of  the 
hip,  when  unaccompanied  by  fracture,  are  primarily 
dislocations  downwards — with,  it  may  be,  a  slight 
inclination  forwards  or  backwards,  according  to  the 
position  of  the  person  and  the  direction  of  the 
violence.    They  occur  when  the  limb  is  abducted, 

i.e.  when  the  thighs  are  apart,  or,  if  not  apart,  by  the  body  being  forced  over  on 
the  dislocated  side,  which  of  course  moves  the  head  of  the  femur  into  the  same 
relation  to  the  acetabulum  and  capsule  as  does  the  movement  of  the  thigh  outwards 
when  the  body  is  fixed.  Subsequently  and  secondarily  the  head  of  the  bone  may 
assume  a  position  on  the  dorsum,  ischium,  or  pubis,  by  ploughing  its  way  around 
outside  the  acetabulum. 

This  view,  in  which,  at  the  time  I  published  it,1  I  believed  I  was  unsupported  by 
any  authority,  is  substantially  the  same  as  that  propounded  by  Fabbri,2  and  demon- 
strated by  him  in  London  several  years  ago.  M.  Tillaux  3  has  arrived  within  a 
little  at  identically  the  .same  conclusions,  and  had  he  started  one  step  further  back 
in  his  investigation  of  the  mechanism  of  dislocations,  I  cannot  think  that  there  would 
have  been  any  difference  between  us.  As  it  is  there  is  very  much  in  common.  M. 
Tillaux  says  :  (1)  That  no  force  can  send  the  head  of  the  femur  out  of  its  socket 


1  Med.-Chir.  Trans,  vol.  lx.  1877. 

2  Letter  from  Holmes  Coote,  Brit.  Med.  Journ,  Jan.  11,  1868. 

3  Tillaux,  P.,  Hec/ierches  experimentales  et  cliniques  sur  le  mccanisme  de  la  production  des 
Luxations  coxo-fcmurales  en  arriire,  187G. 
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above  the  pyriformis,  since  that  which  would  be  sufficient  to  dislocate  the  bone  in 
this  direction  would  break  the  femur  or  the  acetabulum,  '  because  the  head  of  the 
femur  is  then  in  contact  with  the  acetabulum  itself,  and  not  against  the  capsule. 
(2)  That  during  abduction  and  inward  rotation  combined  with  flexion,  the  head  of 
the  bone  is  opposite  the  interval  between  the  obturator  internus  and  pyriformis,  and 
rests  against  the  posterior  part  of  the  capside,  and  then  he  adds,  '  should  the  force 
surpass  the  resistance  of  the  capsule,  the  head  of  the  femur  will  escape  above  the 
obturator  tendon.'  (3)  That  when  adduction  and  inward  rotation  are  combined 
with  forcad  flexion  of  the  thigh  on  the  pelvis  or  the  pelvis  on  the  thigh,  the  femoral 
head  presses  on  the  inferior  part  of  the  capsule,  which  yields  and  allows  the  bone  to 
escape  below  the  obturator  internus,  sometimes  through  the  quadratus  fenioris,  and 
occasionally,  though  rarely,  below  the  tendon  of  the  obturator  externus.  M.  Tillaux 
never  seems  to  have  succeeded  in  displacing  the  bone  through  an  opening  above  the 
obturator  internus  ;  and  as  his  subsequent  conclusion,  and  indeed  the  chief  conclusion, 
of  his  researches  is  that  every  posterior  dislocation  is  primarily  '  an  incomplete 
ischiatic  luxation,'  it  follows  by  inference  that,  in  his  experience,  dislocation  through 
an  opening  above  the  tendon  of  the  obturator  internus  does  not  practically  occur. 
A  force  which  tends  to  drive  the  head  of  the  bone  out  above  the  obturator  internus 
does  not  '  surpass  the  resistance  of  the  capsule,'  except  by  first  fracturing  the 
acetabulum  or  femur,  for  the  same  reason  that  M.  Tillaux  says  it  cannot  escape 
at  a  higher  point,  viz.  because  the  head  of  the  bone  is  still  applied  against  the 
acetabulum  itself,  as  well  as  against  the  capsule.  If  M.  Tillaux  had  resorted  to 
abduction  instead  of  to  the  excessive  degree  of  '  forced  flexion  and  inward  rotation ' 
requisite  to  make  the  adducted  limb  leave  the  acetabulum,  his  experiments  would  have 
been  made  easier  and  his  main  conclusions  would  have  been  the  same.  These  may  be 
briefly  stated  to  be  the  following  : — The  incomplete  dislocation  backward  is  the  neces- 
sary prelude,  the  first  degree  of  every  complete  luxation  backward.  This  incomplete 
luxation  is  always  ischiatic,  and  cannot  possibly  be  dorsal ;  it  must  always  occur 
when  the  thigh  is  bent  on  the  trunk,  and  when  the  head  of  the  femur  is  pressing 
upon  the  capsular  ligament  below  and  behind  •  the  rent  in  the  capsule  through  which 
the  head  of  the  bone  escapes  is  always  at  this  spot ;  and  having  thus  escaped  from  the 
cotyloid  cavity,  the  head  of  the  femur  rests  temporarily  on  the  lip  of  the  acetabulum, 
to  take  subsequently  a  position  on  the  ilium,  or  one  of  three  positions  on  the  ischium, 
viz.  on  the  great  sacro-sciatic  notch,  the  spine  of  the  ischium,  or  the  tuber  ischii,  all 
of  which  are  '  complete  luxations.'  M.  Broca,1  too,  perceived  that  the  high  posterior 
dislocations  of  the  hip  might  be  secondary  to  a  dislocation  primarily  downwards. 
He  has  described  a  case  in  which  the  head  of  the  femur  was  opposite  the  highest 
part  of  the  great  ischiatic  notch,  and  to  arrive  at  this  position  it  had  passed  between 
the  inferior  gemellus  and  the  quadratus  fenioris  muscles.  This  was  the  primary 
luxation,  and  then,  as  M.  Broca  observes,  there  must  have  been  lengthening  of  the 
limb  as  the  head  of  the  femur  was  on  the  ischium  below  the  cotyloid  cavity  j  but 
subsequently  the  head  rose  higher,  pushing  in  front  of  it  the  obturator  internus  and 
the  gemelli,  and  mounted  over  the  pyriformis  and  gluteus  medius  muscles.  The 
specimen  is  in  the  Dupuytren  Museum.  The  head  of  the  bone  is  directed  backwards, 
the  great  trochanter  rests  flat  on  the  cotyloid  cavity,  and  the  pyriformis,  as  well  as 
the  inferior  edge  of  the  gluteus,  form  a  kind  of  strap  which  oppose  the  further 
ascent  of  the  femur. 

The  adducted  position  of  the  limb  after  the  accident,  and  the  laceration  of  the  thin 
part  of  the  capsule  at  the  back  of  the  neck  of  the  femur,  have  no  doubt  led  to  the 
erroneous  conclusion  that  in  the  ordinary  posterior  dislocations  the  limb  is  adducted 
at  the  time  of  the  accident,  and  that  the  head  of  the  femur  is  forced  straight  out 
through  the  back  of  the  capsule  into  its  luxated  position.  This  error  has  further 
been  conduced  to  by  the  descriptions  of  cases  in  which  the  terms  '  directly  back- 
wards '  or  '  directly  backwards  and  upwards '  have  been  assumed  to  describe  the 
course  taken,  as  well  as  the  position  ultimately  occupied  by  the  bone,  and  in  which 
the  capsule  is  stated  to  have  been  rent  in  its  '  posterior  part '  or  '  posterior  and 

1  Broca,  Bull,  de  la  Soc  dAnat.  1850,  t.  xxv.  p.  179,  and  Catalogue  du  Musee  Diqmytren. 
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tipper  part,'  without  mention  as  to  whether  the  rupture  was  of  the  thin  femoral  or 
thick  acetabular  part  of  the  back  of  the  ligament.  Moreover,  the  fact  is  frequently 
overlooked  that  the  thigh  may  be  even  directed  obliquely  across  its  fellow,  and  yet 
the  hip-joint  may  be  at  the  moment  abducted  by  the  forcible  tilting  over  of  the 
pelvis  to  that  side.  Such  a  condition  is  induced  easily  and  frequently  during  wrest- 
ling, and  such  was  doubtless  what  occurred  in  the  case  of  Pierre  Guilleminot 1 
described  by  Dupuytren,  whose  left  thigh  was  dislocated  on  to  the  dorsum  whilst 
wrestling. 

The  anatomical  construction  of  the  hip-joint,  the  results  of  experiments  on  the 
dead  body,  the  success  of  manipulation  as  a  means  of  reduction,  the  careful  considera- 
tion of  the  mode  of  occurrence  of  published  cases  of  luxation,  as  well  as  a  personal 
examination  of  every  specimen  of  hip-dislocation  in  the  several  museums  in  London, 
the  Musee  Dupuytren  in  Paris,  and  several  other  museums  in  France,  have  convinced 
me  that  the  mode  of  production  of  uncomplicated  cases  of  hip-dislocation  is  such  as 
I  have  now  described.  Mr.  Eve,  in  the  63rd  volume  of  the  '  Medical  and  Chirurgical 
Transactions,'  has  taken  a  different  view.  Having  considered  elsewhei-e  2  the  cases 
he  adduces  in  support  of  his  objections,  I  need  not  further  allude  to  them  here. 

It  was  long  ago  remarked  by  Sir  A.  Cooper  that  there  was  something  a  little 
anomalous  in  the  frequency  of  the  dislocation  of  the  femur  upwards  and  backwards, 
that  being  the  direction  of  all  others  most  protected  against  dislocation  by  the  capsu- 
lar ligament  being  there  the  strongest,  the  edge  of  the  acetabulum  most  elevated,  and 
the  ligamentum  teres  offering  the  greatest  hindrance  to  displacement  in  that  direction  ; 
whereas,  for  the  dislocation  into  the  foramen  ovale,  which  is  one  of  the  least  frequent, 
all  the  above  conditions  are  reversed.  But  this  apparent  anomaly  disappears  as  soon 
as  it  is  realised  that  the  head  of  the  femur  leaves  the  acetabulum  at  its  lower  border, 
and  then  in  the  great  majority  of  cases  passes  towards  the  dorsum  ilii  or  the  ischiatic 
notch,  for  this  reason — that  in  the  great  majority  of  accidents  the  trunk  is,  or  becomes, 
flexed  on  the  thighs,  or  the  thighs  are,  or  become,  flexed  on  the  tiaink,  and  thus  the 
action  of  the  muscles,  as  well  as  the  initial  violence,  forces  the  head  of  the  femur 
around  the  back  of  the  socket.  As  Bigelow  3  has  recently  written,  flexion  is  the 
habitual  attitude  of  the  thigh,  and  the  ilio-femoral  ligament  is  thus  habitually  relaxed. 

'  On  this  account,  and  also  because  the  capsule  is  weak  and  thin  below,  "  like  wet 
bladder,"  and  the  socket  margin  notched  on  that  side,  the  dislocation  downwards  is 
the  most  common  one.  ...  En  fact,  downward  dislocation  is  so  frequent,  and  the 
route  from  below  to  the  dorsum  is  rendered  so  easy  both  by  muscular  contraction 
and  by  the  conformation  of  the  bone,  by  the  latter  especially,  that  in  a  very  large 
proportion  of  cases  the  displacement  is  found  to  be  dorsal.' 

Backward  Dislocations  of  the  Hip. 

In  the  posterior  dislocations  of  the  hip,  the  trunk  is,  or  becomes,  bent  on  the 
thigh  at  the  moment  of  luxation,  rotation  inwards  gives  the  posterior  direction  to 
the  head  of  the  femur,  while  the  extensors  of  the  hip  and  the  hamstrings  carry  it 
backwards  and  are  assisted  by  the  adductors  in  pulling  it  upwards  towards  the 
sciatic  notch  or  dorsum  ilii.  In  its  ascent  the  head  of  the  bone  pushes  up,  or  rides 
over,  the  obturator  internus  muscle,  and  has  between  it  and  the  socket  it  has  vacated 
the  untorn  portion  of  the  capsule  covered  by  the  small  external  rotator  muscles. 
The  height  to  which  it  ascends  depends  upon  the  extent  of  the  rupture  of  the  capsule, 
and  the  muscles  overlying  the  capsule.  Thus,  if  the  capsule  is  freely  rent,  and  the 
obturator  internus  and  gemelli  muscles  are  lacerated,  the  femur  can  mount  higher 
than  it  will  otherwise  do,  though  it  is  quite  possible  for  the  head  of  the  bone  to 
reach  the  dorsum  ilii  without  the  obturator  internus  being  ruptured,  providing  the 
rent  in  the  capsule  reaches  back  as  far  as  the  tuberosity  of  the  ischium  and  as  high 
along  the  femur  as  the  digital  fossa.    M.  Tillaux  4  does  not  consider  that  the  position 

1  Vide  paper  hv  Mr.  Rivington,  Brit.  Med.  Journ.  June  30,  1877,  p.  808 ;  and  Lancet, 
Sept,  7,  1878,  p.  321. 

2  Lancet,  Jan.  17,  1880,  pp.  93,  94,  and  Med-Chir.  Trans.  1882,  vol.  Ixv. 

3  Bigelow,  Lancet,  June  15,  1878,  p.  862.  4  Tillaux,  oj).  cit.  p.  12. 
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of  the  femur  is  influenced  at  all  by  the  obturator  internus  or  any  other  muscle,  but 
that  it  depends  entirely  upon  the  untorn  part  of  the  capsule.  He  divided  in  succes- 
sion all  the  muscles  around  the  hip-joint  and  yet  found  the  displaced  head  of  the 
femur  remained  immovable  ;  but  in  proportion  as  he  cut  the  capsule  the  bone  could 
be  moved  higher. 

This  experiment,  however,  does  not  prove  that  the  muscles  when  untorn  are 
powerless  to  prevent  the  ascent  of  the  head,  but  only  that  the  capsule  has  that 
power. 

Pathology.  —  The  injuries  to  the  Foft  parts  which  occur  in  these  dislocations  are  : 
1.  Rupture  of  the  round  ligament,  or,  what  is  perhaps  more  frequent,  its  detachment 
from  the  pit  in  the  head  of  the  femur,  together  with,  occasionally,  a  scale  of  articular 
cartilage.  2.  More  or  less  bruising  or  laceration  of  the  quadratus  femoris.  external 
obturator,  the  gemelli,  obturator  internus  and  pyriformis.  In  Todd's  1  case  of  dorsal 
dislocation  quoted  by  A.  Cooper,  every  one  of  these  muscles  were  completely  torn 
across.    Sometimes  the  glutasi  muscles,  even  the  glutseus  inaximus,  as  in  Syme's 


Fig.  185. — Recent  Dislocation  of  Head 
of  Femuronto  Dorsum  Ilii.  ('Med.- 
Chir.  Trans.'  vol.  lx.  From  speci- 
men now  in  Ilunterian  Museum.) 


Fig.  18G. — Showing  Rupture  of  Capsule 
in  recent  Case  of  Dorsal  Dislocation. 
(<  Med.-Chir.  Trans.'  vol.  lx.  From 
specimen  now  in  Hunterian  Museum.) 


pyriformis  ;  b,  obturator  externus  tendon  ;  r, 
obturator  internus  and  gemelli  passing  beneath 
the  head  and  neck  of  the  femur. 


er.  femur  flexed  and  abducted  ;  c,  line  of  fracture 
between  pubis  and  ilium  ;  /,  symphysis  pubis  ; 
0,  line  of  fracture  of  ischium. 


case,2  are  also  lacerated.  3.  The  psoas  and  iliacus  are  in  a  state  of  tension ;  the 
pectineus  is  very  frequently  lacerated,  and  when  lacerated  is  greatly  stretched.  4. 
Occasionally  the  great  sciatic  nerve  is  compressed  between  the  front  of  the  femoral 
neck  and  the  rotator  muscles,  and  in  that  case  is  liable  to  be  further  contused,  if  not 
actually  ruptured,  in  the  efforts  at  reduction  ;  or  the  nerve  may  be  pressed  between 
the  head  of  the  bone  and  the  ischial  tuberosity  as  in  Wormald's  3  case ;  or  it  may  be 
carried  before  the  neck  of  the  femur  and  remain  there  after  reduction  ;  4  or  the  nerve 
may  be  over  the  back  of  the  neck  of  the  dislocated  bone,  as  in  Quain's  case.''  5.  The 
thin  part  of  the  capsule  is  lacerated  as  in  the  manner  described  on  page  1057. 
The  ilio-femoral  and  ischio-femoral  bands,  and  the  back  of  the  capsule  between  them, 
are  not  ruptured,  unless,  from  the  forcible  upward  pressure  of  the  dislocated  bone  the 
lower  edge  of  the  ischio-femoral  band  is  greatly  strained  and  slightly  detached  from 
the  acetabular  rim. 

Rarity  of  direct  dorsal  dislocation. — I  know  of  only  one  specimen  where  fracture 

1  Sir  A.  Cooper,  case  40. 

2  Syme,  Lond.  and  Edinb.  Month.  Journ.  June  1843,  p.  499. 

3  Wormald,  Lond.  Med.  Gaz.  vol.  xix.  1837,  p.  658. 

4  Med.-Chir.  Tram.  vol.  lx.  pp.  169,  170. 
1  Ibid.  vol.  xxxi.  pp.  340,  344,  and  345. 
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FlG.  187. — MacCormac's  Case  of  Direct  Dorsal  Dislo- 
cation.  (From  specimen  in  St.  Thomas's  Museum.) 
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does  not  complicate  the  dislocation,  which  shows  that  the  head  of  the  femur  passed 
directly  backwards  on  to  the  dorsum,  or  margin  of  the  sciatic  notch.  This  is  the 
preparation  of  Sir  W.  MacCormac's  case  now  in  the  Museum  of  St.  Thomas's  Hos- 
pital. It  is  an  unique  specimen ;  the  exception  which  proves  the  rule.  There  are 
two  large  rents  in  the  capsule  separated  from  one  another  by  a  baud  of  the  capsule 
extending  untorn  from  near  the  ischial  tuberosity  to  the  neck  of  the  femur  just 
internal  to  the  digital  fossa  ;  the  lower  opening  is,  as  usual,  in  the  thin  part  of  the 
capsule  and  stretches  all  along  the  back  of  the  neck  of  the  femur ;  the  posterior  and 
upper  rent  runs  across  the  middle  of  the  back  of  the  capsule  from  the  untorn  band 
referred  to  nearly  up  to  the  outer 
edge  of  the  ilio-femoral  ligament 
(fig.  187).  The  articular  cartilage 
is  in  places  ground  off  the  head  of 
the  femur. 

The  man  was  70  years  of  age, 
and  '  whilst  at  work  in  an  iron 
foundry,  a  metal  casting,  ten  hundred 
weight,  fell  upon  him.  It  was  at 
the  time  partially  suspended  in  a 
crane,  one  end  resting  upon  the 
ground,  and  when  the  tackle  gave 
way  the  man  was  thrown  violently 
over  on  his  knees  upon  a  wooden 
block,  between  which  and  the  metal 
the  abdomen  was  forcibly  com- 
pressed. Houston,  who  was  an  in- 
telligent man,  described  how  the 
casting  first  stmck  his  hip,  and  that 
he  subsequently  felt  himself  twisted 
round  towards  the  prone  position 
during  the  act  of  crushing.' 1  The 
first  effect  of  the  blow  was  to  dislo- 
cate the  left  hip,  and  then  the  forcible 
compression  of  the  abdomen  caused 
several  feet  of  intestines  to  extrude 
through  a  rent  in  the  walls  of  an  old 
inguiuo-scrotal  hernia.  Regarding 
the  specimen  with  the  light  of  this 
description  of  the  accident,  it  is  clear 
that  the  head  of  the  femur  was  first  of  all  driven  through  the  lower  opening  in  the  capsule 
as  usual,  i.e.  whilst  the  limb  was  abducted  and  i'exed  ;  hut  as  the  metal  casting  tilted  over 
the  man's  back,  the  direction  of  the  trunk  was  changed,  and  the  head  of  the  femur  was,  so 
to  speak,  overtaken,  and  being  now  less  closely  held  to  the  innominate  bone,  was  forcibly 
thrust  through  the  back  of  the  capsule  so  as  to  emerge  between  the  pyriformis  and  the  obtu- 
rator interims  muscle. 

Bigelow,  to  whom  the  profession  is  greatly  indebted  for  his  admirable  work  on 
'  Dislocations  and  Fractures  of  the  Hip,'  referring  to  instances  of  dorsal  dislocation 
between  the  rotator  muscles,  i.e.  direct  dorsal  dislocations,  says,  '  It  is  possible  that 
they  are  comparatively  common,  and  that  many  dorsal  luxations  occur  above  the 
internal  obturator  tendon,'  but  he  is  unsettled  on  this  point,  for  further  on  he  says, 
'  the  luxation  below  the  obturator  tendon  and  the  subjacent  capsule  is  probably  com- 
mon. .  .  .  The  dislocation  between  this  muscle  and  the  pyriformis  and  the  one 
above  the  pyriformis  may  be  assumed  to  be  rare,  .  .  .  but  future  autopsies  can  alone 
show  how  often  the  other  small  outward  rotators  are  lacerated  in  the  dorsal  disloca- 
tion, when  the  internal  obturator  with  its  capsule  has  yielded,  or  indeed  how  often 
the  head  of  the  bone  escapes  above  the  obturator  internus  tendon,  and  how  often  it 
ruptures  it  in  reaching  the  same  point.'  2  Even  in  his  more  recent  communication 
to  the  'Lancet'  (June,  1878),  he  does  not  appear  more  settled  on  this  point,  for, 
though  he  adopts  the  opinion  that  secondary  dorsal  dislocations  are  the  most  frequent 
of  all  luxations  of  the  hip,  he  adds,  '  primary  dislocations  are  not  rare,  in  various 
attitudes  of  the  limb.' 


A,  untorn  band  of  capsular  ligament  ;  B,  aperture  above  the  band  ; 
c,  aperture  below  the  band. 


St.  Thomas's  Hosp.  Hepts.  vol.  ii.  p.  143. 


Bigelow,  The  Hip,  pp.  37  and  38, 
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If,  however,  we  seek  for  evidence  of  direct  dorsal  dislocation  without  fracture,  it 
is  not  to  be  found  in  the  museums  of  London,  Paris,  Dublin,  Lyons,  Montpellier, 
Bordeaux,  or  Toulouse.  Of  what  other  museums  contain  I  cannot  speak ;  but  one 
may  feel  fairly  certain  that  an  injury,  against  the  probability  of  which  there  are  so 
many  other  arguments,  must  be  excessively  rare  when  no  specimen  of  the  sort  is  to 
be  found  in  any  one  of  so  many  pathological  collections.  Bigelow,  however,  rests 
his  statement  on  six  cases  recorded,  viz.  by  Parmentier,  Servier,  Guersant,  Wormald, 
and  Syme  ;  but  not  one  of  them  affords  proof  of  the  occurrence  of  simple  direct  dorsal 
dislocation  or  simple  direct  dislocation  above  the  obturator  interims  tendon.  In 
Parmentier's  1  case  dissection  showed  the  head  had  passed  directly  backwards  between 
the  pyriformis  and  obturator  internus,  and  was  resting  on  the  base  of  the  ischial 
spine  with  the  anterior  border  of  the  great  trochanter  turned  flat  against  the  cotyloid 
cavity,  and  the  thigh  rotated  inwards  a  quarter  of  a  circle,  but  then  the  pelvis  was 
broken  to  pieces  besides.  The  sacrum  was  broken  into  several  fragments  :  both  in- 
nominate bones  were  fractured,  the  left  into  two  pieces  and  the  acetabular  fragment 
of  it  was  again  fractured  ;  and  in  addition  to  these  injuries  the  first  lumbar  vertebra 
and  each  os  calcis  were  fractured,  and  the  head  of  each  astragalus  was  dislocated.  All 
these  injuries  were  caused  by  a  leap  from  a  fourth-floor  window,  the  woman  alighting 
on  her  feet. 

In  M.  Servier's  2  case  the  head  of  the  femur  had  passed  on  to  the  dorsum  between 
the  pyriformis  and  glutauis  medius,  but  the  report  of  it  is  incomplete,  and  has  refer- 
ence only  to  the  dislocation  and  its  reduction.  That  there  were  in  this  case,  as  in 
Parmentier's,  other  serious  injuries  to  the  pelvis,  and  that  these  have  been  left  out  from 
the  description,  is  made  the  more  probable  by  the  fact  that  M.  Legouest,  who  reports 
Servier's  case,  quotes  also  Parmentier's  at  some  length,  but  without  even  mentioning 
one  of  the  many  fractures  which  complicated  it. 

Guersant's  two  cases  3  were  very  ordinary  iliac  dislocations,  and  present  nothing 
peculiar  either  in  the  mode  of  production  or  the  mode  and  facility  of  reduction.  The 
head  of  the  femur  reached  its  position  indirectly  in  each  case,  and  in  Case  2  Guersant 
states  that  the  thigh  was  dislocated  by  a  forcible  movement  of  abduction  and  inward 
rotation.    The  accident  is  well  described. 

Wormald's  4  case  is  only  referred  to  by  him  to  show  the  advantages  of  reduction 
by  manipulation,  and  to  point  out  that,  in  attempting  to  reduce  a  dislocation  by 
pulleys,  the  head  of  the  femur  may  be  thrown  into  the  ischiatic  notch,  though  it 
'  had  originally  been  on  the  ilium.'  Reduction  was  effected  by  manipulation  and  no 
dissection  made. 

Syrne's  5  case  is  of  the  same  sort,  being  described  by  him  as  one  of  '  dislocation  of 
the  thigh-bone  upwards  and  backwards,  primarily  on  the  dorsum  ilii,  secondarily  into 
the  ischiatic  notch.'  Reduction  was  effected  and  no  dissection  made.  Excepting 
the  use  of  .the  word  '  primarily,'  there  is  nothing  in  his  account  of  the  case  any  more 
than  in  Wormald's  to  support  the  idea  that  the  head  of  the  bone  had  passed  '  directly  ' 
through  the  capsule  to  the  dorsum  ilii.  It  is  reported  only  to  show  that  a  dorsal 
can  be  turned  into  an  ischiatic  form  of  luxation. 

Thus  from  these  cases  we  are  not  warranted  in  drawing  the  slightest  inference 
that  in  posterior  dislocations  of  the  hip,  unaccompanied  by  fracture,  the  head  of  the 
femur  ever  passes  directly  through  the  capsule  above  the  obturator  internus  muscle. 

Causes  of  backward  dislocations, — These  dislocations,  to  use  the  words  of  Sir  A. 
Cooper  with  reference  to  the  dorsal  variety,  '  most  commonly  occur  in  consequence  of 
the  person  falling  whilst  carrying  a  heavy  weight  on  his  shoulders  ;  or  from  a  heavy 
weight,  such  as  a  mass  of  earth,  falling  on  the  back  whilst  the  body  is  bent  forwards 
in  a  stooping  post  ure.'  Other  causes  are  slipping  with  the  legs  apart  and  then  falling 
forwards  and  to  the  injured  side  during  walking,  running,  climbing,  fencing,  or 
wrestling;  riding  on  horseback  when  the  horse  falls  or  rears  over;  or  falling  down 

1  Parmentier,  Bull,  de  la  Soc.  Anat.  de  Paris,  1850,  p.  177. 

2  Legouest 's  report  of  Servier's  case,  Bull,  de  la  Soc.  de  Chir.  de  Paris,  1863,  p.  485  et  seq. 

3  Guersant,  Chir.  des  En f 'ants,  pp.  204  et  seq. 

4  Med.  Times  and  Gaz.  Aug.  16,  1856. 

8  Syme,  Contributions  to  Path,  and  the  Practice  of  Surgery,  p.  277. 
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whilst  pulling  forwards  a  heavy  weight.  Under  any  of  these  conditions  the  head  of 
the  bone  is  ready  to  burst  through  the  thin  portion  of  the  capsule  and  over  the 
shallow  part  of  the  cotyloid  rim. 

Surgeon-major  Moffat 1  has  reported  a  case  in  which  the  mode  of  occurrence  was 
very  typical  of  the  ischiatic  dislocation  :  a  man  is  helping  to  drag  onwards  a  rail- 
way carriage  when  he  falls  forwards  upon  his  face  and  hands,  instantly  rolls  over 
backwards,  on  to  his  left  side,  into  the  space  between  the  rail  and  the  platform,  and 
gets  his  right  knee  dragged  upwards  and  turned  inwards  upon  the  abdomen  by  the 
foot-board  of  the  carriage.  As  it  seems  to  me,  the  luxation  was  caused  by  over-abduc- 
tion due  to  the  fall ;  then  the  ultimate  destination  of  the  head  of  the  bone  was  given 
to  it  by  the  carriage  ;  the  flexion  and  inward  rotation  being  extreme,  the  ischiatic, 
not  the  dorsal,  variety  resulted. 

A  very  similar  case,  both  as  to  mode  of  production  and  result,  has  been  reported 
by  Mr.  Pollock.  A  man  set.  72  years  was  walking  beside  a  horse  which  was  drawing 
some  trucks  ;  the  man's  foot  slipped  and  he  fell  across  the  metals  on  which  the  trucks 
were  running.  Mr.  Pollock  states  '  as  he  fell  his  legs  were  widely  stretched  apart, 
the  right  being  in  front  of  the  wheels  '  ('  Lancet,'  July  24,  1880).  As  it  was  the  left 
thigh  which  was  dislocated,  it  must  have  been  the  fall,  and  not  the  direct  action  of 
the  wheel  upon  the  limb,  which  dislocated  the  hip. 

What  determines  whether  a  backward  dislocation  shall  be  dorsal  or  ischiatic  is 
the  degree  of  flexion  and  inward  rotation  existing  at  the  time  of  the  accident  or 
immediately  following  the  luxation.  If  the  flexion  and  inward  rotation  be  extreme, 
the  bone  will  plough  its  way  more  directly  backwards  and  less  upwards,  and  an 
ischiatic  dislocation  will  be  the  result.  If  there  be  less  flexion  and  inward  rotation, 
a  dorsal  dislocation  will  occur.  So,  too,  in  ischiatic  dislocations  the  degree  of  flexion 
will  determine  the  height  to  which  the  head  of  the  femur  ascends.  As  M.  Tillaux 
says  :  '  The  inferior  ischiatic  variety  results  from  extreme  flexion  of  the  thigh  on  the 
pelvis  ;  the  middle  ischiatic  from  a  less  degree  of,  but  still  well-pronounced  flexion  ; 
the  superior  ischiatic  luxation  follows  only  from  slight  flexion.'  There  must  also  be 
more  rotation  inwards,  for  a  high  ischiatic  luxation,  than  for  a  dorsal. 

A  very  remarkable  corroboration  of  this  view  of  the  determining  cause  of  dorsal 
and  sciatic  luxations  is  to  be  found  in  a  case  of  double  dislocation  reported  by  Craw- 
ford.2 A  miner  aet.  36  was  standing  on  an  incline  '  with  his  feet  widely  separated, 
the  right  one  being  much  lower'  (and  therefore  much  less  flexed)  '  than  the  left,  and 
the  body  bent  forwards.  While  in  this  position  a  large  mass  of  rock  weighing  many 
hundred  pounds  fell  upon  his  lower  dorsal  region,  bending  the  body  upon  the  thighs 
and  pressing  him  forcibly  down  upon  the  ^ock  on  which  he  was  standing.  He  is 
certain  that  both  joints  were  dislocated  at  the  same  instant.'  Both  limbs  were  there- 
fore dislocated  whilst  abducted,  the  right  limb  (being  less  flexed)  was  luxated  on  to 
the  dorsum  of  the  ilium,  and  the  left  (being  more  flexed)  '  into  the  sciatic  notch.' 

Diagnosis  of  back  ward  dislocation  of  the  hip. — The  adduction,  flexion,  and  inward 
rotation  ;  the  shortening  and  fixity  of  the  thigh  ;  its  resistance  to  passive  movements ; 
the  impossibility  of  drawing  the  limb  to  its  proper  length  by  moderate  traction ;  the 
altered  position  of  the  great  trochanter  to  the  crest  of  the  ilium,  as  shown  by  my 
trochanteric  measure,  by  Nelaton's  line,  and  Bryant's  line;  the  fulness  behind  the 
great  trochanter,  and  sometimes  the  possibility  of  feeling  the  head  of  the  bone  in  its 
new  position,  are  sufficiently  characteristic  of  these  dislocations. 

Mr.  Syme  3  used  to  point  out  as  a  diagnostic  sign  of  ischiatic  dislocation,  and  one 
not  met  with  in  any  other  injury  to  the  hip,  that  when  the  patient  lies  flat  on  his 
back  the  injured  thigh  is  flexed,  and  when  an  attempt  is  made  to  straighten  it  the 
patient's  back  becomes  arched. 

A  noticeable  symptom  in  dislocations  of  the  hip  backwards  is  the  loss  of  support 
from  behind  to  the  large  vessels  in  the  groin.  On  pressing  them  with  the  fingers  the 
existence  of  a  hollow  behind  them,  and  the  deficiency  of  the  firm  support  from  the 

1  Mofl'at,  Lancet,  August  24,  1878. 

2  Crawford,  Am.  Joum.  Med.  Sci.  Oct.  1876,  pp.  409  et  seq. 

3  Syme,  Land,  and  Edinb.  Month.  Joum.  June  1843,  p.  499  ;  Prov.  Joum.  Med.  and 
Surg.  1843,  p.  260  ;  and  Annaudale,  Clinical  Lectures,  Med.  Times  and  Gaz.  Jan.  9.  1875. 
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head  of  the  femur  which  is  natural  to  them,  is  very  readily  perceived.  This  is  a 
valuable  aid  to  diagnosis.  In  a  young  soldier  who  had  been  invalided  on  account  of 
an  unreduced  dorsal  dislocation  which  occurred  fourteen  months  before  I  saw  him,  the 
outline  of  the  acetabulum  could  be  made  out  by  firm  pressure  along  the  line  of  the 
femoral  vessels,  and  the  vessels  themselves  could  be  made  to  dip  a  long  way  back. 
In  recent  dislocation  the  symptom  is  equally  characteristic  and  easily  made  out. 

Though  there  is  not  much  likelihood  of  these  dislocations  being  mistaken  for  any 
other  injury,  there  are  certain  fractures  in  the  neighbourhood  of  the  hip  which 
somewhat  resemble  them.  Just  as  there  are  anomalous  dorsal  dislocations  with 
eversion,  so  are  there  cases  of  fracture  of  the  neck  of  the  femur  with  inversion  of  the 
limb.  If  fracture  of  the  cervix  femoris  with  inversion  be  further  complicated  with 
fracture  of  the  great  trochanter  a  mistake  in  diagnosis  may  possibly  arise;  a  portion 
of  the  trochanter  may  then  be  drawn  by  the  action  of  the  muscles  towards  the  great 

Fjg.  188. — Dislocation  of  the  Hip  on  the  Fig.  189. — Position  of  Head  of  Femur  to 

Dorsum  Ilii.    (From  .Sir  A.  Cooper.)  Ilium  in  Dorsal  Dislocation. 


sciatic  notch,  or  upon  the  dorsum  ilii,  crepitus  may  bo  impossible,  and  so  the  detached 
fragment  may  suggest  the  presence  of  the  head  of  the  bone  in  one  or  other  of  those 
situations,  as  indeed  happened  in  a  case  related  by  Smith.1  Stanley2  lias  published 
two  similar  cases.  Some  difficulty  in  diagnosis  may  also  arise  in  cases  of  fracture  of  the 
neck  of  the  femur  without  fracture  of  the  trochanter,  if  the  trochanter,  as  occasion- 
ally happens,  is  much  enlarged  so  as  to  be  felt  as  a  projection  behind  the  acetabulum. 
I  have  described  such  a  case  in  the  '  Transactions  of  the  Pathological  Society.'  3 

1,  Dislocation  upward  and  backward,  i.e.  upon  the  ilium.  Symptoms. — The 
limb  is  from  an  inch  and  a  half  to  two  inches  and  a  half  shorter  than  its  fellow ;  it 
is  rotated  inwards,  adducted  and  slightly  flexed;  so  that  when  the  patient  is  stand- 
ing, the  knee  of  the  affected  side  is  somewhat  in  front  of,  and  above  the  other',  and 
the  toes  rest  on  the  tarsus  of  the  opposite  foot ;  the  great  trochanter  is  directed  for- 
wards, and  lies  nearer  to  the  anterior  superior  spinous  processes  of  the  ilium  than 


1  Smith,  op.  cit.  case  29,  p.  85.  2  Stanley,  Med.-Chir.  Trans,  vol.  xiii.  p.  504. 

3  Path.  Soc.  Trans,  vol.  .xxxi.  p.  214. 
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natural,  while  the  head  of  the  bone  is  directed  backwards,  and,  in  thin  persons, 
may  be  felt  lying  upon  the  dorsum  ilii.  The  only  movements  of  which  the  limb 
is  capable,  unless  great  force  be  used,  are  slight  flexion,  adduction  and  rotation 
inwards  ;  extension  and  abduction  cannot  be  accomplished,  and  the  attempt  is  pro- 
ductive of  great  pain. 

2.  Dislocation  backwards  and  slightly  upwards  on  the  ischium. — This  is  what 
has  been  called  dislocation  '  into  the  sciatic  notch.'  It  is  a  variety  of  the  dorsal 
dislocation,  only  the  head  of  the  bone  does  not  ascend  so  high  over  the  obtiirator 
internus  muscle.  Most  usually  it  rests  opposite  to  or  a  little  higher  than  the 
spine  of  the  ischium.  It  includes  the  two  kinds  of  posterior  luxations  of  Pro- 
fessor Fabbri,1  viz.  the  '  ischio-sciatic,'  in  which  the  head  of  the  bone  rests  just 
behind  the  acetabulum,  and  which  corresponds  to  Bigelow's  '  dorsal  dislocation  below 
the  tendon  of  the  obturator  internus ; '  and  the  '  sacro-sciatic,'  in  which  the  head  of 

Fig.  190. — Dislocation  of  the  Hip  into  the         Fig.  191. — Position  of  Head  of  Femur  to 
Sciatic  Notch.    (From  Sir  A.  Cooper.)  Ischium  in  Sciatic  Dislocation. 


the  bone  is  carried  farther  back,  so  as  to  be  on  the  lower  edge  of  the  sciatic  notch, 
the  characters  of  which  correspond  exactly  to  those  described  by  Sir.  A.  Cooper  as 
dislocation  into  the  sciatic  notch. 

M.  Tillaux2  divides  complete  sciatic  dislocations  into  (1)  those  in  which  the  head 
of  the  femur  is  on  the  edge  of  the  great  sciatic  foramen — the  superior  ischiatic  luxa- 
tion. This  corresponds  to  the  '  ilio-ischiatic  '  of  Nelaton,  and  the  '  sacro-sciatic '  of 
Gerdy  and  Fabbri.  (2)  Those  in  which  the  head  of  the  femur  is  on  the  spine  of  the 
ischium — the  middle  ischiatic  luxation,  the  ischio-sciatic  of  Fabbri.  (3)  Those  in 
which  the  head  of  the  bone  rests  on  the  tuberosity  of  the  ischium  opposite  the  lesser 
sciatic  notch — the  inferior  ischiatic  luxation.  Neither  of  these  varieties  can,  he 
thinks,  be  converted  into  dislocation  on  the  dorsum  ilii ;  nor  the  latter  into  a  com- 

1  Holmes,  Surgery,  its  Principles  and  Practice,  3rd  ed.  p.  299  ;  and  Memorie  della  Soc. 
Chir.  dt  Bologna,  1841. 

a  Tillaux,  op.  cit.  p.  20.    Vide  also  the  illustrations  of  M.  Tillaux's  Essay. 
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plete  ischiatic  dislocation.  All  the  ischiatic  as  well  as  the  iliac  dislocations  are 
secondary  to  the  incomplete  ischiatic  dislocation  in  which  the  head  of  the  bone, 
having  left  the  cotyloid  cavity,  has  not  yet  quitted  the  cotyloid  margin. 

I  quite  agree  with  Bigelow  1  in  thinking  that  there  is  no  proof  that  the  head  of 
the  femur  has  in  any  case  been  actually  displaced  into  the  sciatic  notch.  Mr.  Holmes  2 
is  not  aware  of  any  post-mortem  examination  which  absolutely  proves  that  the  head 
of  the  bone  was  driven  into  the  sciatic  foramen  ;  and,  like  Mr.  Holmes,  1  have  never 
succeeded  in  experiments  on  the  dead  body  in  getting  the  bone  into  the  foramen, 
though  it  may  easily  be  made  to  approach  very  near  to  its  edge.  Moreover,  Mr. 
Quain  3  has  shown  that  when  the  head  of  the  femur  was  'lodged  on  the  pyriforniis 
muscle  and  at  the  edge  of  the  sciatic  notch,  the  limb  was  diminished  in  length  by 
upwards  of  two  inches,'  whereas  the  shortening  which  is  universally  said  to  attend 
the  so-called  dislocation  into  the  sciatic  notch  is  less  than  an  inch,  or,  as  Sir  A.  Cooper 
states,  'from  half  an  inch  to  one  inch,  but  generally  not  more  than  half  an  inch.' 
Bigelow  does  not  think  the  ischiatic  dislocation  needs  to  be  separately  described 
from  the  dorsal,  and  calls  it  the  '  dorsal  dislocation  below  the  tendon  of  the  obtu- 
rator internus'  to  distinguish  it  from  the  dorsal,  which  he  names  '  dorsal  dislocation 
above  the  tendon  ; '  but  as  in  all  cases  of  dislocation  uncomplicated  with  fracture  the 
head  of  the  femur  leaves  the  acetabulum  below  the  tendon,  this  nomenclature  seems 
to  me  to  be  a  distinction  without  a  difference. 

Some  ischiatic  dislocations  have  been  spoken  of  as  dislocations  directly  backwards, 
and  this  has  been  interpreted  to  mean  that  the  bone  has  passed  straight  to  its  new 
position,  and  therefore  that  these  cases  are  exceptions  to  the  rule  that  complete 
ischiatic  dislocations  are  secondary.  Such  an  interpretation  is  not  supported  by  the 
cases  quoted.  Thus  Mr.  Adams4  has  given  an  admirable  description  of  a  dislocation 
'  directly  backwards  on  to  the  base  of  the  spinous  process  of  the  ischium  '  (the  middle 
ischiatic  variety  of  Tillaux),  which  had  all  the  symptoms  described  by  Sir  A.  Cooper  as 
characteristic  of  dislocation  into  the  notch.  The  head  of  the  femur  left  the  acetabulum 
between  the  obturator  extern  us  and  internus,  lacerating  the  obturator  externus  and 
the  quadratus  femoris,  and  then  glided  backwards.  But,  as  Mr.  Adams  adds,  '  a  slight 
inclination  upwards  undoubtedly  existed.  The  chief  obstacle  to  the  further  progress  of 
the  head  of  the  bone  in  a  direction  upwards  and  backwards  evidently  was  the  tendon 
of  the  obturator  internus  muscle.  The  capsular  ligament  was  torn  through  in  its  pos- 
terior half,  being  irregularly  detached  from  its  connection  with  the,  thigh-bone,  and  the 
mass  of  the  detached  ligament,  remaining  connected  with  the  margin  of  the  acetabulum, 
formed,  as  it  became  inverted,  some  obstruction  to  the  return  of  the  head  of  the  bone 
into  the  acetabulum.'  This  preparation,  having  been  recently  dried,  is  now  in  the 
College  of  Surgeons'  Museum.  In  the  recent  state  it  illustrated  in  a  most  typical 
manner  the  usual  kind  of  laceration  of  the  capsule,  which,  as  Mr.  Adams  clearly 
states,  was  detached  from  the  back  of  the  cervix  femoris.  Mr.  Adams  did  not  fail 
to  observe  how  the  posterior  part  of  the  capsule,  remaining  attached  to  the  aceta- 
bulum, may  obstruct  reduction.  This  means  of  obstruction,  potent  enough  when  the 
pulleys  and  extension  in  the  axis  of  the  dislocation  limb  are  resorted  to,  is  overcome 
by  well-applied  manipulation. 

Symptoms. — The  symptoms  of  dislocation  on  the  ischium  very  closely  resemble 
those  of  dislocation  upwards  on  to  the  dorsum,  but  are  in  some  respects  less  marked. 
Thus  shortening  rarely  exceeds  half  an  inch,  though  it  may  be  an  inch  or  more.  In 
standing  the  knee  projects  but  slightly,  and  the  point  of  the  great  toe  rests  on  the 
ball  of  the  great  toe  of  the  opposite  foot  instead  of  on  the  tarsus.  Though  the  head 
of  the  femur  is  not  so  high  as  in  the  dorsal  luxation,  ifc  is  further  back,  and  the 
trunk  is  often  much  inclined  to  the  sound  side ;  as  a  result  of  this,  the  knee  may  be  from 
two  to  three  inches  higher  than  natural,  and  directed  over  the  middle  of  the  opposite 
thigh,  and  yet  only  a  slight  difference  between  the  two  limbs  may  be  detected  on 
measuring  from  the  anterior  superior  spine  of  the  ilium  to  the  externus  malleolus. 


1  Bigelow,  op.  cit. 

3  Quain,  Med.-Chir.  Trans,  vol.  xxxi.  p.  343. 

4  W.  Adams,  1'utlt.  Soc.  Trans,  vol.  xxi.  p.  305. 


2  Holmes,  op.  cit.  p.  299. 
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On  the  other  hand,  the  inversion  is  more  extreme,  and  in  the  recumbent  position 
flexion  is  generally  much  more  marked. 

The  head  of  the  femur  is  with  difficulty,  if  at  all,  felt,  owing  to  the  massive 
covering  of  the  gluteus  maximus.  The  limb  is  fixed,  all  movements,  whether 
voluntary  or  passive,  being  abolished  except  flexion. 

As  a  rule  the  limb  is  adducted  and  advanced,  but  Mr.  Quain  1  has  reported  two 
cases  in  which  the  displaced  limb  was  at  some  distance  from  its  fellow  and  further 
ba^k  than  it,  though  extremely  inverted.  This  is  a  condition  to  be  remembered, 
because,  as  Mr.  Quain  says,  it  shows  that,  though  the  advanced  and  adducted  position 
of  the  thigh  and  foot  when  present  is  a  valuable  aid  to  diagnosis,  its  absence  is  by  no 
means  a  proof  of  the  non-existence  of  the  sciatic  dislocation.  In  one  of  these  cases 
it  was  proved,  in  the  other  it  is  almost  cei'tain,  that  the  neck  of  the  dislocated  thigh- 
bone was  strapped  down  by  the  great  sciatic  nerve ;  and  this  complication  was 
probably  the  cause  of  the  exceptional  position,  as  the  nerve  thereby  would  be  rendered 
less  tense  than  if  the  limb  had  been  advanced  and  adducted. 

3.  Direct  backward  dislocation  with  fracture  of  the  rim  of  the  acetabulum.,  or 
head  of  femur. — In  these  dislocations,  in  addition  to  the  usual  signs  of  the  injury  there 
may  be  crepitus,  and  in  all  likelihood  there  will  be  a  tendency  to  redisplacement  after 
reduction.  It  is  probable  that  in  some  of  these  cases  the  head  of  the  bone  is  at  first 
but  little  displaced  from  its  socket,  but  rests  between  the  broken  margin  on  one 
aspect  and  the  displaced  fragment  of  bone  with  the  capsule  attached  to  it  on  the  other. 
In  this  condition  the  real  injury  may  not  be  detected ;  but  after  a  while,  even  during 
rest  in  bed,  muscular  action  may  by  degrees  draw  the  femur  quite  on  to  the  dorsum, 
and  then  the  well-marked  signs  of  this  luxation  are  developed.  I  have  published  a 
case  in  which  I  believe  this  was  the  order  of  events.2 

If  these  dislocations  with  fracture  of  the  acetabulum  are  unreduced,  a  very  use- 
ful and  movable  new  joint  will  be  formed,  for  the  head  of  the  bone  resting  imme- 
diately upon  the  dorsum  ilii  (and  not  having  muscle  intervening  as  in  ordinary 
dorsal  dislocation)  very  quickly  forms  for  itself  a  new  though  shallow  socket;  a  new 
capsule  is  built  up  around  it,  and  a  wide  range  of  movement  will  soon  be  obtained 
if  the  patient  will  persevere  in  using  it.  In  the  case  recorded  by  me,  the  man  could 
flex  the  thigh  perfectly,  could  extend  perfectly,  and  adduct  and  abduct  quite  freely, 
and  whilst  in  a  boot  the  heel  of  which  was  raised  f  inch  and  the  sole  \  inch,  he  stood 
with  pelvis  and  shoulders  perfectly  level  and  without  any  unusual  curving  of  the 
spine. 

Occasionally,  instead  of  the  acetabulum  yielding,  the  head  of  the  bone  is  chipped  off 
level  with  the  edges  of  the  socket,  and  the  broken  head  passes  out  of  the  capsule,  or 
both  head  of  femur  and  margin  of  socket  may  break  as  in  Mr.  Birkett's  case.  Much 
difficulty  will  then  be  experienced  in  keeping  the  femur  in  place;  indeed  this  may  be 
quite  impossible  owing  to  the  detached  part  of  the  head  filling  the  acetabulum. 

Treatment. — In  all  dislocations  of  the  thigh  it  is  advisable  to  give  the  patient  an 
anaesthetic  and  attemj)t  reduction  by  manipulation  as  soon  as  possible.  As  soon  as 
the  reduction  is  accomplished  the  patient's  legs  should  be  tied  together  with  a  pillow 
between  the  knees,  or  a  long  outside  splint  extending  from  axilla  to  foot  should  be 
applied  and  kept  in  place  for  a  week  or  ten  days.  The  patient  may  then  be  allowed 
to  walk  about,  but  the  joint  should  be  kept  supported  for  a  week  or  two  longer  by 
means  of  a  leather  splint  or  plaster  of  Paris  spica. 

Since  the  introduction  of  chloroform  manipulation  has  in  the  great  majority  of 
recent  dislocations  succeeded  admirably,  and  it  has  also  been  successful  in  many  old 
dislocations  after  extension  by  means  of  the  pulleys  had  been  used  in  vain.3 
Manipulation  has  been  practised  from  the  earliest  times,  but  had  fallen  into  desue- 
tude ;  it  has,  however,  been  revived,4  and  now  happily  has  well-nigh  driven  the 

1  Quain,  Med.-Chir.  Trans,  vol.  xxxi. 

2  Med.-Chir.  Trans,  vol.  lxv.  See  also  Brit.  Med.  Journ.  Oct.  21,  1382,  a  case  reported 
by  Mr.  Puzey. 

3  Med.  Times  and  Gaz.  Aug.  16,  1856,  and  Oct.  30,  1858. 

4  Spence,  Address  on  Surgery,  British  Medical  Association,  Edinburgh,  1875. 
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pulleys  into  oblivion.  The  method  of  combined  flexion  and  rotation  (i.e.  manipula- 
tion) is  known  in  America  as  Nathan  Smith's  and  as  Reid's,  and  in  France  as 
Despres's.  Pouteau  employed  it  in  the  last  century,  but  it  was  erected  into  a 
system  by  Despres  in  1835.  Professor  Dolbeau  1  has  given  striking  testimony  in  its 
favour.  During  17  years  as  a  Paris  hospital  surgeon  he  has  reduced  15  disloca- 
tions of  the  hip  (12  of  them  ilio-ischiatic,  2  ilio-pubic,  and  1  ischio-pubic)  without 
assistance  and  without  difficulty  by  the  '  procede  de  Despres.'  He  considers  that  all 
recent  dislocations  of  the  femur,  of  whatever  variety,  may  be  reduced  by  this  pro- 
cedure, and  that  by  its  means  the  head  of  the  bone  is  made  to  pass  along  the  various 
parts  of  the  circumference  of  the  acetabulum  until  it  is  brought  into  relation  with 
the  laceration  of  the  capsule,  the  only  aperture  by  which  it  can  re-enter  the  cavity. 
Bigelow  2  thinks  that  '  the  flexion  method  is  the  only  rational  one,  and  that  pulleys 
are  practically  obsolete,  unless  perhaps  to  steady  the  limb  in  some  rare  cases  by 
rectangular,  not  longitudinal,  traction.'  My  own  experience  has  convinced  me  of  the 
general  truth  of  these  statements,  for  during  the  nineteen  years  that  I  have  been  a 
constant  witness  of  London  hospital  practice,  I  nave  never  seen  the  pulleys  used 
or  required  in  a  recent  case  or  succeed  in  an  old  one,  though  I  am  aware  that  Mr. 
De  Morgan  employed  them  successfully  in  a  case  of  recent  dislocation  in  the 
Middlesex  Hospital  in  1870.  He  had,  however,  much  difficulty.  The  case  was  an 
ischiatic  luxation,  and  before  reducing  it,  and  in  the  efforts  to  do  so,  he  converted  it 
accidentally  into  a  dorsal  luxation. 

The  object  being  to  bring  the  head  of  the  displaced  femur  opposite  the  rent  in  the 
capsule,  the  best  way  is  to  make  it  retrace  the  route  along  which  it  escaped.  As 
Busch  observes,  '  the  reduction  of  a  dislocation  is  most  easy  when  the  dislocated 
bone  follows  the  s  .me  course,  but  in  the  opposite  direction,  to  the  one  along  which 
it  originally  passed  ;  and  the  most  favourable  position  of  the  limb  for  reduction  is 
that  in  which  the  displacement  occurred.'  3  Bearing  in  mind  this  principle,  and 
having  regard  to  the  manner  in  which  the  several  dislocations  occur,  it  follows  that 
the  proper  manipulations  for  the  reduction  of  the  posterior  dislocations  must  be  by 
flexion,  abduction,  and  outward  rotation.  (1)  First  of  all  flex  the  leg  on  the  thigh 
to  relax  the  sciatic  nerve  which  may  be  involved,  and  the  hamstrings  which  assist 
in  drawing  up  the  thigh ;  next  flex  the  thigh  on  the  abdomen  so  as  to  relax  the 
untorn  portion  of  the  capsule,  and  thus  to  allow  the  head  of  the  bone  to  retrace  its 
course  at  the  back  of  the  acetabulum.  (2)  In  flexing  the  thigh  the  knee  must  be 
carried  over  the  symphysis  pubis,  because  adduction,  at  this  stage,  increases  the  effect 
of  flexion  in  guiding  the  head  of  the  bone  round  the  acetabulum.  (3)  As  soon  'as 
flexion  is  complete,  abduction  of  the.  flexed  limb  should  follow,  so  as  to  distend  the 
edges  of  the  orifice  in  the  capsule  preparatory  to  returning  the  head  of  the  femur 
into  the  socket,  and  also  to  cause  the  head  to  pass  forwards,  as  in  dislocation  it 
passed  backwards,  between  the  gemellus  inferior  and  the  quadratus  fenioris  muscles, 
and  thus  to  reach  the  rent  in  the  capsule  and  the  lower  and  shallow  edge  of  the 
acetabulum.  (4)  Fourthly,  the  thigh  should  be  rotated  outwards,  so  as  to  turn  the 
head  of  the  bone  through  the  opening  in  the  capsule  at  which  it  escaped  back  again 
to  its  socket.  (5)  Finally,  the  outward  rotation  should  be  accompanied  or  instantly 
followed  by  extension,  so  that  the  head  of  the  bone  may  at  once  recede  into  the  upper 
and  deepest  part  of  the  socket  and  be  retained  there. 

These  several  movements  require  care  and  nicety,  and  they  should  follow  one 
another  as  parts  of  a  single  proceeding ;  there  need  be  no  fear  of  over-flexion,  but 
in  the  third  stage  abduction,  if  carried  beyond  a  line  drawn  from  the  front  of  the 
shoulder  parallel  to  the  linea  alba,  is  liable  to  send  the  head  of  the  femur  too  far 
inwards  below  the  acetabulum,  and  thus  convert  a  posterior  into  either  a  thyroid 
or  pubic  dislocation.  Manipulation,  when  well  executed,  effects  reduction  in  most 
cases  in  a  manner  which  when  seen  for  the  first  time  looks  like  magic. 

Obstacles  to  reduction. — There  are,  however,  several  obstacles  to  be  overcome 

;  1  Bull,  de  Titer.  March  15,  1875,  and  Med.  Times  and  Guz.  April  17,  1875. 
8  Billow,  Lancet,  June  15,  1878. 

3  Arch.f.  Uin.  Chir.  vol.  iv.  p.  1.    Prof.  W.  Busch,  New  Syd.  Soc.  Year  Booh,  18G3. 
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before  reduction  can  be  accomplished,  and  cases  every  now  and  then  will  occur  in 
which  great  difficulty  will  be  experienced.  These  obstacles  are  (1)  The  untorn 
capsule  and  its  overlying  muscles  (especially  the  obturator  internus)  which  are  in 
front  of  the  dislocated  head  and  between  it  and  the  socket.1  There  is  reason  for 
thinking  that  in  some  cases  a  flap  of  the  capsule  or  of  muscle  has  been  carried 
before  the  head  of  the  bone  into  the  socket.  (2)  The  resistance  of  the  untorn 
capsule,  especially,  as  Bigelow  has  shown,  of  the  ilio-femoral  band,  which  is 
rendered  very  tense  and  prevents  the  descent  of  the  head  of  the  femur.  (3)  The 
head  of  the  bone  may  be  looped  up  by  the  sciatic  nerve.  The  movements  of 
manipulation  are  designed  to  overcome  these  three  obstacles.  (4)  If  the 
obturator  externus  be  not  ruptured,  and  its  tendon  be  tightly  stretched  over  the 
back  of  the  neck  of  the  femur,  it  will  act  like  a  tight  strap  over  the  bone,  and  must 
be  relaxed  by  strong  rotation  outwards  during  the  abduction  before  reduction  can 
be  effected.2  (5)  If  the  dislocation  be  complicated  by  fracture  of  the  head  of  the 
femur,  a  part  of  which  may  be  left  in  the  socket,  or  by  fracture  of  the  acetabulum  or 
of  some  other  part  of  the  innominate  bone,  reduction  may  be  rendered  difficult. 
Another  difficulty  which  occurs  in  these  cases  is  due  to  what  the  French  call 
'  la  boutonnicre  musculaire,'  or  the  mode  in  which  the  neck  of  the  bone  is  embraced 
by  the  muscles  when  the  head  is  displaced  directly  backwards  between  them. 
(6)  It  is  stated  that  the  rent  in  the  capsule  has  been  so  small — a  mere  button-hole 
in  fact — that  the  bone  could  not  be  returned  through  it.  Fenner,  and  Hamilton  of 
Dublin,  have  each  recorded  such  a  case.  But  when  it  is  considered  how  inelastic 
the  ligamentous  structures  are,  and  with  what  facility  a  rent  can  be  enlarged  by 
manipulation,  it  will  be  conceded  that  resistance  by  button-holing  must  be  very 
exceptional.  If,  however,  the  edge  of  the  acetabulum  be  broken  away,  as  in 
Hamilton's  case,  one  can  understand  how  the  head  of  the  bone,  when  drawn  towards 
the  acetabulum,  drags  the  flap  of  capsule  before  it  and  thus  fails  to  re-enter  the 
socket. 

Reduction  by  combined  manipulation  and  extension. — If  the  mode  of  production 
of  hip  dislocations  here  described  be  correct,  it  is  obvious  that  extension  in  the 
axis  of  the  displaced  thigh  can  only  succeed,  if  it  do  so  at  all,  by  lacerating  some 
of  the  untorn  portions  of  the  capsule,  which  become  tightly  stretched  by  traction  on 
the  thigh.  Hence  the  failures  of  extension  with  the  pulleys  so  often  experienced  in 
cases  in  which  manipulation  has  subsequently  succeeded. 

If  the  thigh  is  Hexed  before  traction  is  applied,  and  abducted  while  it  is  being 
made,  the  more  likely  is  it  to  succeed ;  because  by  flexion  the  head  of  the  bone  is 
brought  nearer  to  the  lower  part  of  the  acetabulum  where  the  capsule  is  lacerated, 
and  by  abduction  it  is  turned  forwards  still  nearer  to  its  natural  situation.  For 
this  reason  Mr.  Quain  3  was  led  to  modify  the  practice  of  Sir  A.  Cooper  of  traction 
in  the  axis  of  the  dislocated  limb  :  by  bringing  the  extending  force  to  bear  upon 
the  thigh  when  flexed  to  a  right  angle  with  the  trunk,  and  then  abducting,  he  found 
that  the  head  of  the  bone  speedily  returned  to  the  acetabulum. 

Mr.  Lee, 1  in  a  case  of  dislocation  of  the  femur  in  a  child  aged  1 0  years,  after 
failure  by  Sir  A.  Cooper's  method,  succeeded  at  once  on  adopting  Mr.  Quain's  advice 
to  flex  the  thigh  upon  the  abdomen.  In  this  plan  there  is  extension,  it  is  true,  but 
extension  superadded  to  the  chief  movements  of  manipulation,  and  to  these  move- 
ments the  reduction  is  chiefly  due. 

Quain's  method  is  indeed  the  same,  only  with  the  addition  of  the  pulleys,  as 
that  recommended  by  Bigelow  for  dorsal  dislocations,  viz.  '  Flex  and  forcibly  lift  ; 
if  this  fails,  flex,  and  lift  while  abducting.'  5 

Treatment  in  backward  dislocation  with  fracture  of  the  r  im,  of  the  acetabulum. — ■ 
If  in  ordinary  cases  of  posterior  dislocations  of  the  hip,  manipulation  alone  is  the  best 
and  simplest  method  of  reduction,  there  are  other  cases  in  which  extension  may,  but 

1  See  a  case  of  Stanley's  in  Land.  Med.  Gaz.  Sept.  30,  1837,  p.  25,  of  dorsal  dislocation 
unreduced. 

2  Med-Chir.  Trans,  vol.  lx.  p.  184.  3  Ibid.  vol.  xxxi.  p.  349. 
4  S.  Lee,  St.  George's  Hosp.  Repts.  vol.  vii.  p.  171.              5  Lancet,  June  15,  1878. 
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manipulation,  as  ordinarily  practised  and  recommended  for  backward  dislocations, 
cannot,  succeed  without  fresh  laceration  of  capsule  and  muscles. 

Such  are  the  cases  of  dislocation  in  which,  owing  to  fracture  of  the  head  of  the 
femur,1  or  of  the  rim  of  the  acetabulum,2  or  of  some  other  part  of  the  innominate 
bone,3  the  head  of  the  bone  is  driven  straight  back  into  its  new  position.  Such  also 
is  the  case  of  Sir  W.  MacCormac  figured  above.  When  the  head  of  the  bone,  having 
passed  directly  backward,  either  remains  more  or  less  covered  by  the  muscles 
overlying  the  back  of  the  joint,  or  has  been  shot  backwards  between  them,  there  is 
no  object  in  attempting  to  get  the  head  of  the  bone  to  the  lower  margin  of  the 
acetabulum  ;  and  it  is  plain  that  the  ordinary  method  of  manipulation  would  be 
unsuccessful,  perhaps  impossible  ;  or  if  successful,  only  so  by  lacerating  the  capsule, 
or  the  capsule  and  muscles,  which  remain  untorn  between  the  luxated  head  and  the 
lower  edge  of  the  socket. 

On  the  other  hand,  extension  in  the  axis  of  the  dislocated  bone  draws  the  head 
of  the  femur  along  its  most  direct  course  to  the  acetabulum,  and  if  the  laceration  of 
the  capsule  and  muscles  has  been  considerable  will  succeed  readily  in  reducing  the 
dislocation.  If,  however,  the  femur  has  been  button-holed  between  the  pyriformis 
and  glutaeus  medius,  or  pyriformis  and  obturator  interims,  and  rests  upon  the  super- 
ficial surface  of  one  or  both  of  them,  extension,  as  was  shown  by  M.  Legouest,4  only 
increases  the  passive  resistance  offered  by  the  muscle  or  muscles  between  the  head  of 
the  bone  and  the  acetabulum.  In  such  cases,  in  order  to  disengage  the  femur,  the 
thigh  should  be  flexed,  and  abducted  and  rotated  outwards  whilst  traction  is 
employed.  In  other  words,  manipulation  should  be  emplo}red  as  well  as  extension 
in  these  cases,  for  by  the  manipulation  the  capsule  and  the  muscles  embracing  the 
neck  of  the  femur  are  lacerated,  and  the  head  of  the  femur  is  thus  loosened  from  the 
grip  of  the  tissues  which  fix  and  obstruct  it.  Bigelow  5  clearly  recognised  this,  and 
gives  instructions  how  the  capsular  orifice  is  to  be  enlarged  by  circumduction  of  '  the 
flexed  thigh  across  the  abdomen  in  a  direction  opposite  to  that  in  which  it  is  desired 
to  lead  the  head  of  the  bone,  which  should  be  made  in  this  way  to  pass  across  below 
the  socket.'  After  the  capsule  has  been  thus  enlarged,  and  the  muscles  below  the 
head  and  neck  of  the  femur  torn,  vertical  traction  is  especially  useful  either  at  the 
moment  of  outward  rotation,  or  alone  without  rotation. 

It  is  probable  that  combined  extension  and  manipulation  would  succeed  in  most 
of  those  rare  cases  in  which  the  head  of  the  femur  has  emerged  above  the  obturator 
internus  or  pyriformis.  Thus  in  MacCormac's  case,  though  no  attempt  at  reduction 
was  made  either  before  or  after  death,  it  seemed  to  him  that  '  extension  of  the  limb 
at  right  angles  to  the  trunk,  with  rotation  inwards  to  relax  the  capsule,'  and  then, 
'  as  soon  as  the  head  of  the  bone  had  been  thus  drawn  to  the  edges  of  the  socket, 
abduction  with  rotation  outwards,  would  immediately  prize  the  head  of  the  bone 
into  its  place.'  6 

If,  however,  it  be  thought  well  to  employ  extension  in  the  axis  of  the  limb  in  its 
displaced  position,  this  may  be  done  by  placing  the  foot  in  the  perinseuni  on  the  side 
affected,  using  it  as  a  counter-extending  force,  while  with  the  hands  the  thigh  is 
grasped  just  above  the  knee ;  or,  what  is  better,  let  a  jack-towel  be  fixed  to  the  thigh 
by  means  of  the  clove-hitch,  while  the  other  end  of  the  towel  is  carried  round  the 
shoulders  of  the  surgeon  j  the  latter  should  then  incline  backwards  at  the  same  time 
that  his  foot  is  making  increasing  pressure  in  the  perinaeum  ;  this,  with  slight 
rotation  of  the  limb,  has  proved  successful  in  several  dislocations  reported  by  the 
late  Mr.  Morgan  and  Mr.  Cock,  in  '  Guy's  Hospital  Reports.'  The  limb  may  be 
slightly  abducted  during  the  traction. 

After  the  reduction  of  a  dislocated  hip  in  which  the  rim  of  the  acetabulum  has 
been  fractured,  or  a  part  of  the  head  of  the  femur  detached  and  left  in  the  acetabulum, 

1  Birkett,  Guy's  Museum,  and  Med.-Chir.  Trans,  vol.  lii.  Case  of  fracture  of  head  of 
femur  and  also  of  cotyloid  rim. 

2  Hamilton,  Bigelow,  St.  Barth.  Museum  Catalogue  ;  Syme,  Tyer,  Glasgow  Med.  Journ. 
Feb.  1830.  3  Parmentier,  op.  pit.  p.  177. 

4  Legouest,  Bxdl.  dc  la  Soc.  de  Chir.  18G3,  p.  488.  5  Billow,  The  Hip,  p.  34. 

6  MacCormac,  St.  Thomas's  Hasp.  Itepts.  N.S.  vol.  ii.  1871,  p.  147. 
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cai'e  should  be  taken  to  keep  up  moderate  extension  and  fixation  by  means  of  a  long 
splint  or  the  weight  and  pulleys.  The  tendency  to  redisplacement  in  these  cases  is 
very  great,  and  its  occurrence  should  be  carefully  watched  for  and  corrected.  Union 
of  the  fractured  rim  may  be  expected  in  about  four  weeks.  Maisonneuve  relates  a 
case  in  which  union  was  complete  in  twenty-seven  days. 

It  would  be  impossible  in  the  limits  of  this  article  to  describe  all  the  many 
of  plans  which  have  been  devised  and  employed  for  reducing  hip  dislocations  by 
(I)  manipulation,  (2)  extension,  and  (3)  by  combined  extension  and  manipulation. 
Extension  by  means  of  the  pulleys,  in  recent  dislocations  at  least,  must  be  looked 
upon  as  an  obsolete  method  of  reduction.  The  '  automatic  mode  ' 1  is  but  a  method 
of  combined  extension  and  flexion,  i.e.  flexion  and  vertical  extension  ;  it  consists  in 
lifting  the  patient  by  placing  the  hands  under  his  knees  and  swinging  his  body 
gradually  from  side  to  side,  during  which  the  head  may  slip  into  the  acetabulum. 

To  sum  up.  The  best  method  of  reduction,  and  the  one  which  will  be  success- 
ful in  the  great  majority  of  cases  of  recent  dislocations,  is  manipulation  as  above 
described.  It  has  often  succeeded,  too,  in  old  dislocations  after  failure  by  the  pulleys. 
If  there  is  any  reason  to  think  that  fracture  complicates  the  dislocation,  and  that 
the  bone  has  passed  straight — i.e.  directly  backwards — to  its  new  position,  traction  in 
the  axis  of  the  limb,  with  the  foot  of  the  surgeon  in  the  perinasum,  or  moderate 
flexion  combined  with  oblique  vertical  traction,  should  be  first  a-ied ;  but  if  in  such 
a  case  the  head  of  the  bone  is  button  holed  by  the  rotator  muscles  or  the  capside, 
then  the  tissues  should  be  further  lacerated  by  flexion  and  circumduction  outwards, 
and  afterwards  vertical  traction — i.e.  traction  with  the  thigh  flexed  to  a  right  angle — 
should  be  employed. 

Anomalous  Forms  of  Posterior  Dislocations. 

There  are  varieties  of  the  regular  forms  of  hip  dislocations  which  have  been 
called  '  irregular '  and  '  anomalous,'  and  which,  as  they  have  fairly  constant  and 
distinctive  characters,  require  to  be  separately  described.  Each  regular  form  has 
one  or  more  '  anomalous  '  varieties.  Thus  of  the  dorsal  there  are  the  anterior 
oblique,  the  everted  dorsal,  and  the  supra-spinous ;  of  the  ischiatic  there  is  the 
'  downward  and  backward  '  dislocation,  in  which  the  head  of  the  femur  rests  against 
the  tuberosity  of  the  ischium  ;  of  the  thyroid  there  are  the  dislocations  '  vertical 
downward  '  and  on  the  perinaeum  ;  and  of  the  pubic,  or  ilio-pubic,  there  is  the 
sub-spinous  dislocation. 

The  latter  three  will  be  described  in  connection  with  the  regular  dislocations  of 
which  they  are  the  varieties.  For  the  present,  attention  will  be  given  to  anomalous 
forms  of  the  posterior  dislocations  only,  and  as  the  dislocation  upon  the  tuberosity 
is  by  far  the  most  common,  it  will  be  first  considered. 

Dislocation  backwards  and  doivnwards,  i.e.  near  the  tuber  ischii. — This  is  the 
position  which  the  displaced  head  of  the  femur  occupies  in  its  first  step  towards  a 
dorsal  or  ischiatic  dislocation.  If  at  the  moment  of  dislocation  flexion  be  very 
extreme,  and  in  excess  of  the  inward  rotation  of  the  limb,  and  if  the  violence  which 
causes  the  luxation  be  not  continued,  the  head  of  the  bone  pauses  close  to  the  tuber 
ischii,  and  a  dislocation  *  downwards  and  backwards '  is  the  result.  There  is, 
therefore,  nothing  in  the  least  peculiar  or  exceptional  in  this  variety  of  backward 
dislocation  ;  the  head  of  the  bone  may  be  arrested  at  any  point  between  the  place 
at  which  it  leaves  the  acetabulum  and  its  highest  or  farthest  possible  destination, 
the  exact  point  at  which  the  arrest  occurs  depending  on  the  violence  which  causes, 
and  the  kind  and  amount  of  movement  associated  with,  the  dislocation. 

Symptoms. — The  thigh  is  usually  flexed  to  a  marked  degree,  rotated  inwards 
and  strongly  adducted.  In  rare  cases  the  limb  has  been  but  slightly  flexed  subse- 
quently.2 In  Luke's  3  case,  in  which  the  head  of  the  bone  rested  midway  between 
the  ischiatic  notch  and  the  thyroid  foramen,  the  limb  was  lengthened  one  inch  and 

1  Nexo  York  Med.  Journ.  July  1877. 

2  Bouisson  of  Montpellier,  Gaz.  Med.  1853,  p.  664. 

3  Med.  Times  and  Gaz.  Jan.  2,  1858. 
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was  neither  inverted  nor  everted.  Mr.  Luke  does  not  state  to  what  extent  the  limb 
was  flexed,  but  he  mentions  that  the  capsular  ligament  was  lacerated  only  below, 
and  that  the  gemellus  inferior  and  quadratus  femoris  were  torn  through. 

A  typical  case  of  '  downward  and  backward  '  luxation  is  recorded  by  Wormald.1 
The  thigh  was  shortened  and  inverted,  forming  about  half  a  right  angle  with  the  body, 
and  the  shaft  of  the  femur  crossed  the  symphysis  pubis.  The  parts  were  dissected 
before  any  attempt  at  reduction  had  been  made,  and  all  the  external  rotator  muscles 
were  found  more  or  less  torn.  The  specimen  is  in  St.  Bartholomew's  Hospital 
Museum.2  This  case  is  particularly  interesting  and  important,  for  it  is  one  of 
the  commonplaces  of  the  literature  of  hip-dislocations.  It  is  Case  70  in  Sir  A. 
Cooper's  great  work.  Cooper  includes  it  under  '  anomalous  dislocations  of  the  hip 
downwards,'  and  says  of  it,  '  I  have  been  informed  by  Mr.  Wormald  that  the  ramus 
of  the  ischium  and  the  ilio-pubic  symphysis  were  also  fractured,  which  in  itself  would 
be  sufficient  to  produce  the  anomaly  detailed.  The  case  cannot  be  quoted  as  a 
deviation  from  the  usual  position  of  the  head  of  the  femur  in  the  dislocations  of  the 
hip,  in  the  technical  application  of  the  term.'  Mr.  Quain  3  writes  of  it,  '  The  difference 
is  so  small  between  this  and  the  cases  adverted  to  in  the  text,  that  it  might  well  he 
considered  a  modification  of  the  dislocation  backwards.'  It  is  quoted  from  the 
'  London  Medical  Gazette '  by  Bigelow  as  a  '  dislocation  below  the  tendon  of  the 
obturator  internus,' 4  and  the  same  author  again  refers  to  it  (when  he  quotes  Case 
70  from  Sir  A.  Cooper)  as  a  'dislocation  near  the  tuberosity.'  5 

Treatment. — To  reduce  this  kind  of  dislocation  the  thigh  should  be  bent,  and 
then  traction  should  be  made  upon  it  in  a  direction  upwards  and  inwards,  or  after 
being  bent  the  thigh  should  be  abducted  and  rotated  outwards,  as  in  reducing  dorsal 
dislocations. 

Anterior  oblique  dislocation. — Bigelow  remarks,6  '  In  a  common  dorsal  dislo- 
cation, let  the  leg  be  carried  across  the  symphysis.  .  .  .  With  some  force  the  thigh 
can  now  be  everted  and  afterwards  brought  down  across  the  upper  [.art  of  its  fellow. 
It  is  here  firmly  locked,  with  great  shortening  and  some  eversion,  the  limb  facing 
forwards  and  obliquely  crossing  the  opposite  thigh,  until  the  toe  points  outwards.' 
He  adds  that  in  this  dislocation  the  head  of  the  bone  has  a  supra  spinous  position, 
but  differs  from  what  is  called  the  supra  spinous  dislocation  in  the  soundness  of  the 
ilio-femoral  ligament. 

I  know  of  no  authentic  case  of  this  sort.  Oldnow's,  the  only  instance  mentioned 
as  such,  was  an  old  dislocation  of  twelve  years'  date  ;  the  position  of  the  head  of  the 
bone  and  of  the  new  acetabulum  was  immediately  above  the  old  socket,  and  was  formed 
'  partly  by  the  body  of  the  pubes  and  partly  by  the  inner  side  of  the  inferior  spinous 
process  of  the  ilium.' 7  The  head  of  the  femur  was  therefore  sub-spinous,  not  supra- 
spinous in  its  displacement,  and  the  case  looks  more  like  a  pubic  dislocation  altered 
by  unsuccessful  efforts  at  reduction  in  the  first  place,  and  by  long  use  subsequently, 
rather  than  an  '  anomalous '  dorsal  dislocation.  Should  such  a  dislocation  as  the 
'  anterior  oblique '  figured  and  described  by  Bigelow  occur,  it  should  be  converted 
into  the  common  dorsal  by  inward  circumduction  and  rotation,  and  then  the  rules 
for  the  reduction  of  dorsal  luxations  should  be  followed. 

The  everted  dorsal  dislocation. — In  this  variety  most  of  the  usual  signs  of 
dislocation  on  to  the  dorsum  are  present,  excepting  that  the  limb  is  turned  outwards 
instead  of  inwards,  and  is  but  very  slightly  adducted.  Sometimes  the  limb  lies  flat 
upon  the  bed  or  is  even  directed  backwards.  Van  Buren 8  has  reported  a  case 
in  which  the  limb  was  shortened  an  inch,  the  trochanter  was  an  inch  and  a  half 
behind  and  above  its  usual  place,  the  head  of  the  bone  was  obscurely  felt  at  the  sciatic 
notch,  and  the  limb  was  slightly  everted.    Another,  which  occurred  at  St.  George's 

1  Wormald,  Lond.  Med.  Gaz.  vol.  xix.  1837,  p.  G57. 

-  >S.  3,  No.  56,  Catalogue  St.  Bartholomew's  Ifo.spital  Museum. 

3  Quain,  Med.-Chir.  Trans,  vol.  xxxi.  p.  342.         4  Bigelow,  The  Hip,  p.  Gl  et  seq. 

5  Ibid.  The  Hip,  p.  74.  u  Ibid.  pp.  94  and  !)7. 

7  Guy's  Hosp.  Repts.  1830.  vol.  i.  p.  08. 

8  Contributions  to  Practical  Surgery,  by  W.  H.  Van  Buren,  riii>ade]pliia,  18G5,  p.  157. 
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Hospital,1  is  on  record  in  which  the  head  of  the  femur  Avas  situated  above  the 
acetabulum,  a  little  external  to  a  line  drawn  perpendicularly  down  from  the  anterior 
superior  iliac  spine,  the  great  trochanter  being  backwards  and  outwards  from  the 
head,  and  the  lesser  trochanter  resting  on  the  outer  edge  of  the  acetabulum,  the  great 
toe  pointed  outwards  and  backwards,  and  the  gkitsei  medius  and  minimus  and  the 
small  rotator  muscles,  including  the  pyriformis,  were  ruptured.  Bigelow  considers 
that  in  this,  as  well  as  in  the  supra-spinous  dislocation,  the  outer  fibres  of  the  ilio- 
femoral ligament  are  ruptured.  This  may  be  so,  but  it  is  a  point  which  has,  I 
believe,  yet  to  be  proved  by  post-mortem  examination  ;  it  is  not  stated  whether  it 
was  so  or  not  in  the  St.  George's  case.  The  mode  of  occurrence  of  this  dislocation 
is  the  same  as  that  of  the  common  dorsal  luxation,  followed  by  forcible  external 
rotation  of  the  dislocated  limb  after  it  has  reached  the  dorsum  ilii. 

Treatment. — Flexion  and  rotation  inwards,  aided  if  necessary  by  adduction,  will 
reduce  it  to  a  common  dorsal  dislocation;  then  the  ordinary  rules  should  be  followed. 

Supraspinous  dislocation.  Symptoms. — The  limb  is  shortened  two  or  three 
inches,  everted,  and  a  little  abducted.  The  neck  of  the  bone  rests  across  the  edge  of 
the  pelvis  between  the  superior  and  inferior  iliac  spines,  or  the  head  rests  on  the 
ilium  just  below  the  anterior  superior  spine,  being  above  and  to  the  outer  side  of 
the  anterior  part  of  the  capsule,  whereas  in  the  sub-spinous  luxation  the  head  and 
neck  of  the  femur  are  below  and  to  the  inner  side  of  the  ilio-femoral  band.  The 
trochanter  is  turned  back  and  sunk  deeply,  and  the  limb  cannot  be  drawn  down 
by  extension.  Cases  of  supra-spinous  dislocation  have  been  reported  by  Cummins  2 
and  Travers,3  each  of  which  are  contained  in  Sir  A.  Cooper's  work.  Lente  4  has 
related  a  casein  which  an  ischiatic  luxation— i.e.  a  luxation,  as  Bigelow  would  call  it, 
'  below  the  tendon  ' — was  converted  in  the  effort  to  reduce  it  into  a  dislocation 
below  the  anterior  superior  spinous  process  by  suddenly  relaxing  the  extension  and 
at  the  same  instant  abducting  and  rotating  the  limb  outwards. 

Treatment. — Extend  the  limb  downwards  and  outwards,  and  at  the  same  time 
l'otate  it  outwards  so  as  to  disengage  the  head  from  the  brim  of  the  pelvis;  or  adduct 
the  limb,  rotating  it  outwards.  Thus  the  head  of  the  bone  will  be  brought  upon  the 
dorsum,  and  then  the  ordinary  manipulation  should  be  employed. 

Dislocations  inwards  or  forwards. 

These  dislocations  may  be  either  downwards  or  upwards — that  is,  the  head  of  the 
bone,  after  escaping  over  the  lower  edge  ot  the  acetabulum,  may  rest  there  or  may 
plough  its  way  upwards  along  the  inner  edge  of  the  socket. 

In  the  first  case  the  dislocation  is  the  thyroid  or  obturator  variety ;  in  the  other 
it  is  the  ilio-pubic.  Whether  the  head  of  the  bone  will  remain  in  the  thyroid  foramen 
or  will  ascend  beneath  Poupart's  ligament  depends  on  whether  extension  and  out- 
ward rotation  accompanies  the  displacement.  If  these  occur  the  ilio-pubic  variety 
will  be  produced. 

Pathology. — The  injuries  sustained  by  the  soft  parts  are  (1)  Rupture  of  the 
ligamentum  teres,  or  the  tearing  away  of  the  ligament  from  the  head  of  the  femur. 
(2)  Rupture  of  the  capsular  ligament  in  the  same  manner  as  in  the  posterior  disloca- 
tions, but  at  the  rim  of  the  acetabulum  the  rent  extends  further  forwards,  often 
running  up  to  the  inner  edge  of  the  ilio-femoral  segment  of  the  capsule  instead  of 
backwards  to  the  lower  edge  of  the  isohio-femoral  band.  (3)  The  pectineus, 
gracilis,  adductor  longus,  and  adductor  brevis,  some  or  all,  have  been  found  torn,  and 
the  psoas  and  iliacus  muscles,  together  with  the  glutsei  and  pyriformis,  are  put  on  the 
stretch  or  partially  lacerated.  (4)  The  obturator  nerve  may  be  stretched,  pressed, 
or  torn  ;  in  the  upward  and  forward  dislocations  the  anterior  crural  5  may  be  involved , 

1  Lancet,  May  15,  1841,  p.  281. 

2  Cummins,  Guy's  Hosp.  Ee'pts.  vol.  iii.  1838  ;  also  Sir  A.  Cooper's  work,  Case  LXV. 

3  Travers,  Med.-Chir.  Trans,  vol.  xx.  p.  113;  also  Sir  A.  Cooper's  work,  p.  106. 

4  Lente.    Hamilton,  Fract.  and  Dislocations,  5th  ed.  p.  680  ;  and  Bigelow,  The  Hip,  p.  99. 

5  Bransby  Cooper,  Guy's  Hosp.  Bepts.  vol.  i.  p.  83. 
Vol.  I.  3  Z 
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and  Mr.  Shaw  1  has  observed  in  a  case  of  dislocation  '  near  the  perinseum  '  ecchymosis 
of  the  great  sciatic  nerve. 

Causes. — Any  accident  whereby  the  thighs  become  suddenly  and  violently 
separated  is  sufficient  to  produce  these  dislocations.  Jumping  or  falling  from  a  height 
and  alighting  on  the  feet  widely  apart  and  then  falling  backwards ;  treading  in  a 
hole  in  the  ground,  and  then  to  save  falling  forwards  throwing  the  body  backwards, 
have  been  pregnant  causes  of  the  ilio-pubic  luxation.  The  sudden  movement  of  a 
carriage  which  a  person  was  in  the  act  of  mounting,  and  whilst  one  foot  was  on  the 
ground  and  the  other  on  the  step  of  the  vehicle ;  the  falling  of  a  mass  of  earth  on 
the  abducted  hip ;  the  falling  over  of  a  horse  whilst  rearing,  and  the  stepping  from  a 
boat  which  is  just  pushing  off,  are  the  kind  of  accidents  which  have  been  known 
to  cause  thyroid  luxations.  A  case  has  been  related  to  me  by  Mr.  Critchett  in 
which  both  hips  were  displaced  into  the  thyroid  foramen  in  a  man  who  was  stepping 
from  one  steamer  to  another  just  as  they  were  pushing  apart.    Mr.  Shaw  has  pointed 

Fig.  192. — Dislocation  of  the  Hip        Fig.  193. — Position  of  Head  of  Femur  to  Pelvis 
into  the  Obturator  Foramen.  in  Obturator  or  Thyroid  Dislocation. 


out  how  the  changes  in  the  direction  of  the  acetabulum  and  the  neck  of  the  femur 
add  to  the  tendency  of  the  femur  to  be  dislocated  on  to  the  obturator  fossa,  in  case  of 
injury  ('  Path.  Soc.  Trans.'  vol.  x.  p.  213). 

Dislocation  downwards  and  inwards,  or  into  the  obturator  foramen. — In  this 
dislocation  the  head  of  the  femur  lies  upon  the  obturator  externus  muscle. 

Symptoms. — The  limb  is  abducted  and  advanced  in  front  of  the  other  and  flexed 
on  the  trunk  slightly,  owing  to  the  tension  of  the  psoas  and  iliacus.  It  is  generally 
said  to  be  lengthened  about  two  inches ;  but  this  lengthening  is,  I  believe,  apparent, 
not  real,  and  due  to  the  tilting  of  the  pelvis  over  to  the  injured  side.  How  consider- 
able this  tilting  is,  may  be  judged  by  comparing  the  dissected  bones  placed  in  the 
positions  of  thyroid  and  pubic  dislocations  with  the  positions  assumed  by  patients 
.suffering  from  these  dislocations  respectively.  In  the  thyroid  dislocation  the  thigh 
bone  is  inclined  at  a  much  greater  angle  than  in  the  iliopubic  variety,  and  yet,  owing 
to  the  tilting  of  the  pelvis,  this  does  not  appear  to  be  so  from  the  figures  of 

1  Shaw,  Med.  Times  and  Gaz.  Oct.  30,  1858,  p.  459;  also  Path.  Soc.  Trans,  vol.  x.  p.  213. 
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patients  affected  with  these  two  kinds  of  dislocation.  Compare  figures  192  and  193 
with  figs.  194  and  195.  In  a  case  under  my  own  care  in  1879,1  in  which  the  head  of 
the  bone  could  be  felt  resting  opposite  the  junction  of  the  rami  of  the  ischium  and  pubis, 
there  was  actual  shortening  of  nearly  1^-  inch  in  the  measurement  from  the  anterior 
superior  iliac  spine  to  the  top  of  the  patella  as  compared  with  the  other  limb  placed  as 
nearly  as  possible  in  a  similar  position  to  the  dislocated  one.  Mr.  Holmes,2  in  a 
clinical  lecture  on  this  kind  of  dislocation,  mentions  a  case  in  which  '  the  injured  limb 
looked  much  longer  than  the  other  ;  but  accurate  and  repeated  measurement,  taken 
from  the  spine  of  the  ilium  to  fixed  points  in  the  limb  on  the  two  sides,  showed  that 
this  was  due  entirely  to  twisting  of  the  pelvis.'  Mr.  Rivington  3  has  also  recorded  a 
case  in  which  there  was  apparent  lengthening  but  real  shortening  of  from  ^  to  |  of 
an  inch. 

The  foot  is  pointed  forwards  or  slightly  everted ;  the  trochanter  major  is  less  pro- 
minent and  nearer  the  median  line  than  natural ;  the  fold  of  the  buttock  is  lower 
than  on  the  sound  side ;  there  is  a  slight  concavity  at  the  upper  and  front  part  of 
the  thigh,  behind  which  the  head  of  the  bone  can  be  felt  on  making  deep  pressure  ; 
when  not  torn  the  adductor  muscles  are  on  stretch,  forming,  as  Fabbri4  has  pointed 
out,  a  tense  cord  parallel  to  the  axis  of  the  thigh  from  the  spine  of  the  pubis  to  the 
middle  of  the  thigh.  The  limb  can  be  flexed  by  the  surgeon,  and  slightly  by  the 
patient;  but  adduction  and  extension  are  impossible  without  using  force,  and  these 
movements  cause  pain  and  numbness  from  pressure  upon  the  obturator  nerve. 

Treatment. — Reduction  by  manipulation  under  chloroform  will  generally  succeed. 
"While  the  patient  lies  on  his  back  the  leg  should  be  flexed  on  the  thigh,  and  the  thigh 
on  the  trunk  in  the  direction  of  the  crest  of  the  ilium;  then  circumduct  inwards 
until  the  knee  is  brought  inwards  nearly  as  far  as  the  median  line  of  the  body.  These 
movements  relax  the  untorn  portion  of  the  capsule  and  disengage  the  head  of  the 
bone,  bringing  it  opposite  the  lower  edge  of  the  acetabulum.  Then  rotating  out- 
wards, at  the  same  time  commencing  to  extend  the  thigh,  the  surgeon  turns  the  head 
of  the  bone  back  into  its  socket.  Finally  the  limb  is  kept  in  the  extended  j)Osition 
by  means  of  a  long  Liston  splint  for  a  week  or  ten  days,  and  subsequently  in  some 
fixed  apparatus  for  a  fortnight  longer. 

Various  modifications  of  this  proceeding  have  been  successful ;  thus,  after  flexion 
and  circumduction  inwards,  strong  rotation  inwards,  as  recommended  by  Bigelow 
and  Buck,  may  reduce  the  bone ;  or,  instead  of  rotation  either  inwards  or  outwards, 
the  knee  may  be  dragged  upwards  and  then  depressed,  raising  the  upper  end  of  the 
thigh  at  the  same  time,  as  recommended  by  Fabbri.  On  the  whole,  from  the  result 
of  experiments  on  the  dead  body,  I  prefer  the  flexion,  inward  circumduction,  and 
outward  rotation  ;  only,  in  order  to  make  this  manoeuvre  succeed,  the  circumduction 
must  not  be  carried  much  beyond  the  line  above  indicated,  and  the  rotation  outwards 
must  not  be  too  extreme  and  must  be  accompanied  with  commencing  extension.  If 
otherwise,  the  head  of  the  bone  will  be  carried  backward  below  the  socket  into  one 
of  the  posterior  positions,  as  happened  in  my  case  above  referred  to ;  owing  to  the 
house  surgeon  who  was  reducing  the  luxation  being  a  little  too  vigorous  in  his  mani- 
pulations, the  head  of  the  bone  passed  on  to  the  dorsum  and  was  then  reduced  easily 
by  the  manipulation  for  posterior  dislocation.  Bigelow  recommends,  as  one  of  the 
methods  of  reduction,  to  '  convert  the  thyroid  into  a  dorsal  luxation,  and  proceed 
accordingly.'  5  A  ready  way  of  reducing  thyroid  dislocations,  and  one  which  has 
been  often  successful,  is  by  placing  the  patient  with  a  bed-post  between  his  thighs, 
and  forcing  the  head  of  the  bone  into  its  place  by  traction,  and  dragging  the  foot 
inwards. 

Anomalous  variety.  Dislocation  downwards  and  ivwards  on  to  the  perinaium. — 
If  a  heavy  weight  falls  with  great  violence  upon  the  hip  whilst  the  thigh  is  freely 
abducted,  the  head  of  the  bone  will  be  driven  on  to  the  perinseum.    So  in  the  dead 

1  Trans.  Med.  and  Chir.  Society,  vol.  lxv. 

2  Holmes,  Med.  Times  and  Gaz.  Oct.  27,  1877,  p.  455. 

3  Bivington,  Lancet,  vol.  i.  1878. 

4  Holmes,  Mtd.  Times  and  Gaz.  Oct.  1877.  5  Bigelow,  The  Hip,  p.  83. 
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body,  if  abduction  without  rotation  of  the  thigh  be  very  forcibly  effected,  the  same 
result  happens.  Dislocation  on  to  the  perinseuin  is  but  an  extreme  modification  of 
the  thyroid  variety.  When  the  head  of  the  bone  has  left  the  socket  it  may  incline 
only  a  little  inwards  or  forwards,  resting  in  front  of  the  groove  between  the  acetabu- 
lum and  tuber  ischii  ;  this  is  the  first  step  towards  a  thyroid  dislocation,  and  the 
symptoms  are  slight  abduction,  apparent  elongation,  and  outward  rotation.  When  the 
head  of  the  bone  is  carried  further  inwards  than  the  thyroid  foramen,  the  perinseum 
is  reached,  and  then  the  symptoms  of  the  thyroid  dislocation  are  much  exaggerated. 

Symptoms. — The  head  of  the  bone  will  be  easily  felt  in  its  new  position,  and  even 
the  dimple  in  it  for  the  ligamentum  teres  may  be  made  out  beneath  the  stretched  skin. 
The  thigh  is  in  extreme  abduction,1  and  directed  outwards  at  almost  right  angles 
with  the  body  ;  as  there  is  nothing  to  resist  the  head  of  the  bone  turning  forwar  ds 
or  backwards,  the  toes  may  be  either  everted  or  inverted  ;  and  any  attempt  to  adduct 

Fig.  194. — Dislocation  of  the  Hip  on  the  Fig.  195. — Position  of  Femur  in  the 

Pubes.    (After  Sir  A  Cooper.)  Ilio-Pubic  Dislocation. 


or  depress  the  thigh  is  attended  with  much  resistance  and  great  pain.2  As  Bigelow  3 
has  well  pointed  out,  there  is  an  affinity  between  all  the  downward  luxations,  of  which 
the  thyroid  is  frequent  and  the  others  rare :  when  the  head  passes  towards  the  back 
of  the  socket  the  limb  inclines  to  the  median  line,  i.e.  is  adducted ;  and  when  the 
head  passes  inwards  the  limb  is  directed  outwards,  i.e.  is  abducted.  As  the  head  may 
occupy  any  position  below  the  socket,  so  the  limb  may  be  inclined  at  any  angle 
between  extreme  adduction  and  extreme  abduction.  There  is  marked  flexion  in  most 
of  these  downward  dislocations,  as  Bigelow's  diagrams  show. 

Treatment. — Reduction  is  effected  by  extension  in  the  axis  of  the  displaced  limb, 
aided  subsequently  by  the  manipulation  as  for  thyroid  dislocation.  Indeed  the 
extension  outwards  and  downwards  carries  the  head  of  the  bone  into  the  thyroid 
foramen.  Instead  of  the  above  method  the  limb  may  be  flexed  still  more  than  is 
requisite  for  the  thyroid  dislocation,  and  then  traction  can  be  employed  in  an  upward 
and  outward  direction. 


1  Keate,  Land.  Med.  Gaz.  vol.  x.  p.  19  ;  also  Sir  A.  Cooper's  work,  Case  09. 

2  Path.  Soc.  Trans,  vol.  x.  p.  211.  3  Bigelow,  The  Hip,  p.  77. 
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Dislocation  upwards  and  inwards,  or  ilio-pubic  dislocation. — This  dislocation  is 
usually  designated  '  dislocation  on  the  pubes ; '  but  the  head  of  the  femur  does  not 
rest  so  much  on  that  bone  as  on  the  ilium  at  its  junction  with  the  horizontal  ramus 
of  the  pubis  ;  hence  the  term  '  ilio-pubic  '  applied  to  it  by  Malgaigne  is  the  more  correct. 
In  the  dead  subject,  however,  the  head  of  the  bone  can  be  made  to  lie  near  the  body 
and  spine  of  the  pubis,  in  which  case  the  limb  is  more  abducted  and  everted  than  in 
the  ilio-pubic  variety. 

Sgmpioms. — The  limb  is  everted,  abducted,  and  shortened  to  the  extent  of  an 
inch  or  more  ;  it  cannot  be  rotated  inwards,  but  can  be  slightly  flexed  in  a  direction 
outwards.  The  head  of  the  bone  can  be  felt  in  the  groin,  generally  to  the  outer  side 
of  the  femoral  artery,  and  sometimes  it  forms  a  very  distinct  projection  ;  the  great  tro- 
chanter lies  nearer  to  the  mesial  line  and  to  the  anterior  superior  spine  of  the  ilium 
than  natural,  and  the  roundness  of  the  hip  is  consequently  lost.  This  accident  can 
be  readily  distinguished  from  a  fracture  of  the  neck  of  the  femur  by  the  greater  im- 
mobility of  the  limb,  but,  above  all,  by  the  situation  of  the  head  of  the  bone  in  the 
groin.  There  is  sometimes  pain  and  numbness  down  the  thigh  from  pressure  on  the 
anterior  erural  nerve. 

Treatment. — Manipulation  under  chloroform  should  be  practised  in  the  following 
manner  :  With  the  leg  bent  on  the  thigh  and  the  thigh  on  the  trunk  in  an  abducted 
direction,  the  knee  should  be  carried  inwards  until  it  is  in  a  line  parallel  to  the 
median  plane  of  the  body  ;  in  other  words,  the  thigh  should  be  flexed  in  the  abducted 
direction  and  circumducted  inwards.  By  these  means  the  head  of  the  bone  is  made 
to  retrace  its  course  around  the  acetabulum  to  the  lower  and  inner  side,  and  then 
rotation  outwards  will  turn  the  bone  back  again  through  the  opening  in  the  capsule. 
As  in  the  thyroid  dislocation,  if  the  inward  circumduction  be  overdone  the  head  of 
the  bone  will  slip  past  the  socket,  and  one  of  the  posterior  displacements  will  be  the 
resiilt.  As  in  the  thyroid  dislocation,  too,  inward  rotation  instead  of  outward  rota- 
tion has  succeeded  ;  but  whether  outward  or  inward  rotation  be  employed,  the  surgeon 
should  commence  to  straighten  the  limb  at  the  same  moment,  so  as  to  bring  the  knee 
to  or  beyond  a  right  angle  with  the  trunk,  and  thereby  tighten  the  untorn  part  of  the 
capsule  and  raise  the  head  of  the  femur  over  the  cotyloid  lip. 

Anomalous  variety.  Dislocation  upwards  below  the  anterior  inferior  spine  of 
the  ilium.- — In  this  dislocation,  which  is  sometimes  called  the  sub-spinous,  the  head 
of  the  femur  is  carried  further  on  than  in  the  ilio-pubic  variety,  and  becomes  situated 
a  little  to  the  inner  or  pubic  side  of  the  anterior  inferior  iliac  spine. 

It  is  considered  one  of  the  anomalous  dislocations.  Like  the  ilio-pubic  itself, 
the  subspinous  dislocation  is  secondary  except  when  accompanied  by  fracture  of  the 
acetabulum,  or  other  fracture  of  pelvis.  A  case  of  extreme  interest,  on  account  of 
the  complexity  of  the  injuries  and  the  difficulty  in  diagnosis,  has  been  reported  by  my 
friend,  M.  Fere  :  1  A  man  set.  48  years  fractured  his  thigh  at  the  junction  of  the 
upper  and  middle  thirds,  and  on  the  same  side  fractured  also  the  rim  of  the  acetabu- 
lum at  its  anterior  superior  part ;  the  anterior  part  of  the  capsule  and  the  ligamen turn 
teres  were  destroyed,  and  the  hea,d  of  the  bone  was  displaced  upwards  and  forwards, 
and  remained  immovable  even  under  chloroform,  until  it  became  loosened  by  suppur- 
ation some  ten  weeks  afterwards.  There  was,  besides,  asymmetrical  development  of 
the  pelvis,  the  measurement  from  the  anterior  superior  spine  of  the  ilium  to  the 
spine  of  the  pubis  on  the  injured  side  being  twelve  millimetres  less  than  on  the 
other  side  ;  and  this,  together  with  the  fact  that  the  bone  causing  the  prominence  in 
the  groin  was  immovable,  led  to  the  diagnosis  of  fracture  of  the  horizontal  ramus  of 
the  pubis,  instead  of  dislocated  hip. 

Symptoms. — The  limb  is  shortened  about  two  inches  and  strongly  rotated  out- 
wards, but  is  less  abducted  or  advanced.  In  Morgan's  2  case,  which  I  have  no  doubt 
was  one  of  this  kind,  the  heel  rested  on  the  instep  of  the  opposite  foot,  and  the  toes 
had  almost  a  direction  backwards.  Besides  the  above  symptoms  there  are  flattening 
of  the  hip,  and  fulness  or  a  distinct  tumour  in  the  situation  of  the  head  of  the  bone. 
The  bead  moves  with  the  limb,  which  is  a  diagnostic  mark  between  this  form  of  dis- 

1  Le  Pr ■ogres  med.  1881,  p.  32G.  2  Gui/s  IIosp.  Repts.  vol.  i.  p.  79. 
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location  and  fracture  of  the  neck.  The  psoas  and  iliacus  tendon  may  be  displaced 
towards  the  symphysis  and  be  quite  slack.  Tbe  treatment  is  the  same  as  for  ilio- 
pubic dislocation. 

Instead  of  reaching  to  the  brim  of  the  pelvis,  the  head  of  the  bone  may  rest 
between  the  acetabulum  and  tbe  anteiior  inferior  spine  if  the  dislocation  be  direct 
owing  to  fracture  of  the  rim  of  the  acetabulum.  The  limb  will  then  be  everted, 
slightly  abducted,  and  shortened  half  an  inch  or  more.  Wormald  1  has  recorded  an 
old  dislocation  of  this  sort  in  which  the  rim  of  the  acetabulum  was  fractured,  but 
the  ligamentum  teres  remained  entire. 

Old  dislocations. — A  question  which  the  surgeon  will  sometimes  be  called  on  to 
decide  is,  how  long  after  a  dislocation  of  the  hip  may  its  reduction  be  attempted  1 
Much  must  necessarily  depend  on  the  age  and  constitution  of  the  patient,  and  some- 
thing on  his  own  wish  in  the  matter.  Syme  2  reports  a  case  of  dorsal  dislocation 
reduced  by  extension  after  nine  weeks,  another  after  six  weeks,  and  a  third  after 
five  weeks.  Square,3  of  Plymouth,  reduced  a  dorsal  dislocation  fifty  days  after  its 
occurrence  by  the  ordinary  method  of  manipulation,  and  after  extension  by  the 
pulleys  had  been  tried  under  chloroform  for  fifty  minutes.  In  an  interesting  paper 
he  gives  credit  to  the  pulleys  in  old  dislocations  as  of  value  in  breaking  down  adhesions 
and  elongating  contracted  muscles,  but  is  strongly  in  favour  of  manipulation. 
Wormald  4  succeeded  in  reducing  a  sciatic  dislocation  six  weeks  after  the  accident, 
though  pulleys  had  been  used  in  vain;  and  Dolbeau,5  a.  case  fifty-five  days  after  the 
accident,  in  which  the  overlooked  dislocation  was  complicated  with  fracture  of  the 
same  leg  ;  reduction  being  effected  by  flexion  and  rotation  outwards  in  what  was  only 
intended  as  an  exploratory  examination.  Mr.  Durham  effected  reduction  five  months 
after  dislocation ;  and  it  has  been  accomplished  after  the  lapse  of  six  months,0  twelve 
months,7  and  even  longer,  as  in  the  remarkable  case  of  Mr.  Cornish,  related  by  Sir 
A.  Cooper.  Under  ordinary  circumstances,  reduction  is  hardly  to  be  looked  for  later 
than  eight  weeks  after  the  accident.  This  was  the  limit  fixed  by  Sir  A.  Cooper, 
beyond  which,  with  rare  exceptions,  it  should  not  be  attempted.  Eergusson  never 
witnessed  a  success  after  the  third  week;  but  he  deemed  it  quite  correct  to  make 
trial  of  all  reasonable  means  at  a  much  longer  date.  Mr.  Pollock,  after  failure  with 
the  pulleys,  reduced  an  ischiatic  dislocation  in  a  man  of  72  years  by  means  of  mani- 
pulation. The  dislocation  was  of  seventy  days'  standing,  and  after  three  days' 
reduction  it  was  again  dislocated,  but  the  bone  was  replaced  under  ether  by  manipu- 
lation ('  Lancet,'  July  24,  1880,  p.  130). 

The  line  of  practice  to  be  pursued  when  the  dislocation  is  complicated  with  a 
fracture  of  the  femur  of  the  same  side.  — Guy  de  Chauliac  laid  down  the  following 
general  rule  :  When  a  dislocation  is  complicated  with  a  fracture,  let  the  dislocation 
be  first  reduced,  and  then  the  fr  acture,  if  that  is  possible ;  but  if  it  is  not  possible, 
let  the  fracture  be  first  reduced,  and  after  the  callus  is  firm,  the  dislocation.8 
Boyer  considered  that  a  dislocation  of  an  orbicular  joint  could  not  be  reduced 
if  a  fracture  were  present,  and  that  when  the  latter  had  united,  the  reduction  of 
the  dislocation  could  not  be  effected,  owing  to  its  age.  However,  Sir  A.  Cooper 
relates  a  case  (29th)  in  which  reduction  was  effected  five  weeks  after  the  double 
accident,  the  fractured  bone  having  become  sufficiently  firm  in  this  time  to  admit 
of  extension  being  made;  this  occurred  in  a  youth  16  or  18  years  of  age,  but  the 
practice  cannot  be  recommended  if  the  patient  be  old.  Whenever  there  is  room 
enough  to  fix  the  fracture  securely  in  four  short  splints,  reduction  of  the  dislocation 
by  manipulation  should  be  at  once  attempted.  The  head  of  the  femur  may  perhaps 
be  assisted  and  guided  to  its  place  by  the  fingers  of  the  surgeon.  Bloxam  reduced  a 
dislocation  upon  the  pubis  accompanied  by  a  fracture  of  the  thigh  a  little  above  its 

1  Wormald,  Lond.  Med.  Gaz.  vol.  xix.  p.  658 ;  also  Sir  A .  Cooper's  Work.  Case  68. 

2  Syme,  Contributions  to  Pathology  and  Practical  Suryery,  p.  127!). 

3  Square,  Med.  Times  and  Gaz.  Nov.  13,  1858. 

4  Wormald,  Med.  Times  and  Gaz.  Aug.  16,  1856.       5  Bull,  de  Ther.  March  15,  1875. 

6  Gockelius,  Gallicinium  Medico-practicum,  Ulm,  1700,  p.  228. 

7  Malgajgae,  tome  ii.  p.  821.    Cooper,  Case  64.  s  Malgaigue,  tome  ii.  p.  203. 
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middle  on  the  eighth  day  after  the  accident,1  and  M.  Eteve  2  one  into  the  ischiatic 
notch,  the  fracture  being  in  the  centre  of  the  bone.  Other  successful  cases  of  reduc- 
tion of  the  dislocation,  where  the  bone  has  been  broken  much  higher  up  than  its 
middle,  have  been  recorded  by  Thornhill  and  Bryant ;  but  probably  in  no  case  in 
which  the  femur  has  been  fractured  above  the  trochanters  has  the  dislocated  head 
been  reduced.  A  woman,  set.  50,  was  admitted  into  the  Middlesex  Hospital  in  1873 
with  a  fracture  of  the  neck  of  the  femur,  with  dislocation  of  the  head  of  the  bone  on 
to  the  spine  of  the  ischium.  There  was  shortening  to  the  extent  of  three  inches, 
eversion  and  crepitus.  Reduction  was  not  effected  ;  the  fracture  was  treated  by  ex- 
tension by  weights.  This  case  was  briefly  reported  in  the  '  Med.  Times  and  Gazette ' 
(May  24,  1873).  Douglas  has  reported  a  case  of  dislocation  upon  the  pubes,  com- 
plicated with  fracture  of  the  neck  of  the  femur,  which  remained  unreduced.  The 
nature  3  of  the  accident  was  verified  by  dissection  twelve  years  after. 

Dr.  O.  Allis 4  has  pointed  out  that,  if  it  be  determined  to  obtain  union  of  the 
fracture  before  making  the  attempt  to  reduce  the  dislocation,  the  lower  fragment  of 
the  shaft  should  be  brought  into  a  line  with  the  upper;  for  if  it  be  brought  parallel 
to  the  other  limb,  and  reduction  afterwards  be  accomplished,  the  limb  will  be  per- 
manently deformed  and  in  great  part  useless. 

Accidents  and  ill  consequences  of  dislocation  of  the  hip. — Fractures  of  the  neck  of 
the  thigh  ;  rupture  of  the  sciatic  nerve  5  leading  to  permanent  paralysis ;  and  other 
injuries,  such  as  rupture  of  the  ligaments  of  the  knee,  have  been  caused  by  violent 
and  injudicious  efforts  at  reduction.  Inflammation  and  suppuration  in  and  around 
the  joint,  and  even  complete  disorganisation  of  the  hip,  and  death,  have  followed 
reduction. 

The  ill  consequences  are  more  likely  to  arise  from  persistent  attempts  to  reduce 
old  dislocations,  and  in  former  times  were  doubtless  conduced  to  by  the  excessive 
bleedings  which  used  to  form  part  of  the  treatment.6 

In  a  case  recorded  by  Bigelow  and  another  mentioned  in  Gross's  '  Surgery,'  in 
which  the  neck  of  the  thigh-bone  was  fractured  in  trying  to  reduce  an  old  dislocation, 
a  better  limb  resulted,  though  reduction  was  not  effected,  than  the  patient  had  before 
the  fracture;  in  Bigelow's7  case  prolonged  extension  by  weights  was  the  treatment 
adopted  ;  and  six  years  after,  the  patient  could  walk  freely  and  firmly,  with  but  little 
lameness,  and  could  swing  the  limb  in  all  directions.  An  elderly  man  recently  under 
my  care  for  impacted  fracture  of  the  neck  of  the  thigh-bone  had  many  years  before 
dislocated  the  same  thigh  backwards,  and  this  had  not  been  reduced.  I  was  able 
to  improve  the  position  of  the  limb  very  considerably  by  converting  the  impacted 
into  a  non-impacted  fracture  and  putting  tin  limb  straight.  The  patient  made  a  good 
recovery. 

Spontaneous  dislocation  of  the  femur. — Sir  Astley  Cooper  mentions  a  case  8  in 
which  the  head  of  the  thigh-bone  could  be  dislocated  and  reduced  at  pleasure. 
Samuel  Cooper,  Stanley,  Brodie,  Bigelow,  and  Hamilton  have  met  with  others.  In 
some  of  the  cases  injury  has  preceded  by  a  longer  or  shorter  period  this  undesirable 
accomplishment.  In  other  cases  neither  disease  nor  injury,  but  good  health  and 
muscular  development,  have  been  the  antecedent  conditions.9  In  one  case,  recorded 
by  Hamilton,10  the  bone  was  dislocated  every  time  the  gentleman  (a  doctor)  sat 
down,  and  resumed  its  place  again  when  he  stood  up.  He  had  been  injured  when 
16  years  old  ;  but  the  spontaneous  dislocation  did  not  occur  until  the  65th  year, 
though  the  lameness  persisted  during  the  whole  interval.  This  case  was  clearly 
pathological,  the  upper  and  outer  margin  of  the  acetabulum  being  partly  absorbed 
and  the  neck  of  the  femur  probably  altered. 

1  Lond-  Med.  Gaz.  Aug-.  24,  1833 ;  and  Lond.  Med.-Chir.  Rev.  vol.  xix.  p.  420. 

2  Gaz.  med.  1838,  p.  757  ;  and  Malgaijnie,  tome  ii.  p.  206. 

3  Lond.  and  Edinb.  Month.  Joum.  of  Med.  Set.  Dec.  1843. 

4  Transactions  of  the  Medical  Society  of  Pennsylvania  for  1879. 

5  Hutchinson,  Med.  Times  and  Gaz.  1866. 

6  B.  Cooper,  Guys  Hosp.  JRepts.  vol.  i.  pp.  82  et  seq. 

7  Bigelow,  The  Hip,  pp.  109,  110.  8  Sir  A.  Cooper,  Bisloc.  and  Fract.  Case  2. 

9  Stanley,  Med.-Chir.  Trans,  vol.  xxiv.  p.  142. 

10  Hamilton,  Fract.  and  Disloc.  p.  696,  5th  ed. 
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No  case  in  which  a  dissection  of  the  parts  has  been  made  seems  to  have  been 
recorded  as  yet. 

An  interesting  case  of  what  appears  to  have  been  a  spontaneous  dislocation  after 
an  injury  to  the  hip  is  referred  to  by  Mr.  Favell  in  his  address  at  the  British 
Medical  Association  in  August,  1876. 

Compound  dislocation  of  the  hip. — Owing  no  doubt  to  the  deep  position  of  this 
joint  and  the  thick  layer  of  muscles  which  covers  it  in  on  the  side  towards  which  the 
dislocated  head  generally  passes ;  and  also  no  doubt  in  part  to  the  kinds  of  accidents 
which  usually  cause  it,  compound  dislocations  of  the  hip  are  rare. 

Moxon  1  has  reported  the  case  of  a  railway  porter  who  was  knocked  down 
violently  by  a  train,  and  died  very  quickly  after  admission  into  Guy's.  At  the  post- 
mortem examination,  Dr.  Moxon  found  '  the  left  lower  extremity  much  swollen  and 
discoloured  throughout  its  whole  extent.  The  position  of  the  limb  was  that  of  dis- 
location of  the  femur  on  the  dorsum  ilii.  When  the  body  was  on  its  face  no  wound 
was  seen  until  the  left  great  gluteal  fold  was  forcibly  lifted  to  expose  the  anal  region. 
Then  a  large  irregular  rent  in  the  skin  appeared,  its  position  corresponding  to  the 
junction  of  the  left  sacro-sciatic  ligament  with  the  tuber  ischii.  On  passing  three  or 
four  fingers  into  this  hole  a  way  was  found  through  a  pulp  of  torn  muscles  and  blood- 
clot,  till  the  fingers  rested  on  the  naked  head  of  the  thigh-bone ;  further  dissection 
showed  the  gluteal  muscles  much  torn  up  and  infiltrated  with  blood.  The  head  of 
the  thigh-bone  lay  half  an  inch  outside  the  great  sciatic  nerve,  free  under  the  remains 
of  the  glutaei.  It  had  escaped  through  the  muscles  immediately  around  the  joint  by 
passing  between  the  quadratus  femoris  and  the  obturator  internus.  A  portion  of  the 
head  of  the  bone  remained  in  the  hip-joint,  attached  by  the  round  ligament,  so  that 
fracture  as  well  as  dislocation  had  occurred.  Evidently  on  the  displacement  of  the 
head  of  the  bone,  some  violent  force,  taking  advantage  of  the  leverage  the  limb 
afforded,  had  forced  the  head  of  the  femur  to  plough  its  way  among  the  muscles,  the 
thigh  being  flexed  at  the  same  moment  that  the  bone  was  carried  backward,  and 
whilst  it  pivoted  on  the  side  of  the  pelvis.  Death  was  attributed  to  hemorrhage  and 
shock .' 

In  this  case,  notwithstanding  the  fact  that  a  fragment  of  the  head  of  the  femur 
was  torn  off  by  the  violence,  the  ordinary  mechanism  of  dorsal  dislocation  is  well 
illustrated  and  described ;  viz.  the  head  of  the  bone  left  the  acetabulum  at  its  lower 
part,  and  then,  rising  above  the  obturator  internus  tendon,  ploughed  its  way  on  to  the 
dorsum.  A  very  similar  case,  of  compound  dorsal  dislocation,  so  far  as  can  be  in- 
ferred from  the  description,  has  been  reported  by  Mr.  Harvey,2  the  House  Surgeon 
of  the  Southern  Hospital,  Liverpool. 

Dislocations  of  the  Patella. 

Dislocations  of  the  patella  may  take  place  either  outwards,  inwards,  upwards, 
or  edgeways  ;  they  may  be  complete  or  partial.  They  are  more  frequently  produced 
by  muscular  action  than  any  other  dislocation,  if  we  except  those  of  the  lower  jaw. 
The  conformation  of  the  trochlear  surface  of  the  femur  points  to  the  internal 
displacement  as  much  more  likely  to  occur  than  the  external,  but  the  contrary  is  true ; 
external  is  very  much  more  frequent  than  internal  dislocation.  The  reason  is  that 
the  quadriceps  tendon,  the  patella,  and  ligamentum  patellae  are  not  normally  in  the 
same  straight  line,  but  form  a  slight  curve  with  the  concavity  outwards ;  muscular 
action,  and  especially  the  great  power  of  the  vastus  externus  fibres,  tends  to  convert 
this  curve  into  a  right  line,  and  thus  to  pull  the  patella  over  the  elevated  outer  lip 
of  the  trochlear  surface  into  a  position  of  outward  luxation. 

Outwards. — This  is  by  far  the  commonest  variety  of  the  accident,  and  may  be 
caused  either  by  muscular  action  during  jumping,  dancing,  wrestling,  or  some 
sudden  twist  of  the  knee ;  or  by  direct  violence  such  as  a  blow  or  fall  on  the  inner 
side  of  the  patella.    It  has  been  said  to  occur  more  frequently  to  those  who  have  a 

1  Mod.  Times  and.  Gaz.  Jan.  27,  1872,  p.  90. 

2  Ibid.  March  23,  1872,  p.  ^44. 
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slight  inclination  of  the  knee  inwards ;  but  Malgaigne  found  only  one  patient  so 
affected  out  of  forty- six  cases  of  this  luxation.  Moreover,  in  genu  valgum  the 
outward  displacement  of  the  patella  is  only  apparent,  not  real ;  it  is  due  to  the  great 
enlargement  of  the  internal  condyle ;  and  in  some  cases  this  enlargement  is  sufficient 
so  to  turn  the  patella  as  to  give  it  the  appearance  of  being  quite  on  the  outer  side 
of  the  joint,  though  it  is  still  resting  on  the  trochlear  surface  of  the  femur.  This 
condition  was  well  seen  on  dissection  in  a  case  of  my  own.1  Mr.  Hussey,2  of  Oxford, 
has  recorded  a  case,  which  lends  support,  however,  to  the  view  that  knock-knee 
conduces  to  outward  dislocation  if  violence  happens  to  the  knee.  The  case  is  further 
of  interest  from  the  unusual  character  of  the  dislocation.  '  The  patella  was  driven 
off  the  outer  condyle  and  turned  on  its  long  axis,  with  its  outer  edge  directly  forwards, 
making  a  sharp  projection  under  the  skin ;  the  inner  edge,  or  rather  its  anterior 
surface,  resting  against  the  outer  tuberosity  (condyle)  of  the  femur.  .  .  .  The  limb 
was  slightly  bent  at  the  knee  :  the  tendon  of  the  rectus  femoris  was  tense  at  its 
attachment  to  the  patella  ;  the  ligamentum  patella?  was  flaccid.'  The  lad  was 
knock-kneed  on  each  side,  but  more  markedly  on  the  side  of  the  dislocation. 

The  situation  of  the  patella  varies  according  to  the  extent  of  displacement,  and 
the  degree  of  flexion  of  the  joint.  When  only  partially  dislocated  it  will  be  obliquely 
situated  from  below  upwards  and  from  within  outwards ;  its  outer  margin  will  be 
tilted  forwards  by  the  outer  edge  of  the  trochlea,  if  the  degree  of  flexion  is  slight ; 
but  if  forced  flexion  exists  the  patella  will  be  in  front  of  the  tibial  portion  of  the 
external  condyle,  and  then  its  outer  edge  will  not  project  forward. 

In  complete  dislocations,  the  articular  surface  of  the  patella  rests  on  the  outer 
side  of  the  condyle  with  its  inner  margin  directed  forwards ;  the  breadth  of  the  knee 
is  increased,  the  limb  is  slightly  flexed  and  fixed,  and  any  attempt  to  move  it  causes 
great  pain.  In  forced  flexion  the  quadriceps  extensor  tendon  causes  a  marked 
projection  along  the  outer  side  of  the  femur  ;  if  the  limb  is  in  extension  the  patella 
will  not  be  very  prominent,  but  the  patellar  ligament  will  stand  out  in  relief,  running 
obliquely  upwards  and  outwards  ;  if  the  limb  is  semiflexed  the  patella  will  cause  a 
marked  prominence,  but  the  patellar  ligament  will  scarcely,  if  at  all,  project. 

In  incomplete  and  still  more  in  complete  dislocations  there  is  often  considerable 
laceration  of  the  capsule  of  the  joint;  but  that  complete  dislocation  outwards  may 
take  place  without  rupture  of  this  ligament  seems  possible  from  a  specimen  in  the 
Musee  Dupuytren ;  3  the  capsule  is  intact,  and  on  the  inner  side  thin,  and  stretched  so 
as  to  give  rise  to  a  number  of  strongly  marked  transverse  bands  of  unequal  thickness, 
and  on  the  outer  side  thickened  and  puckered. 

Inwards. — Professor  Streubel 4  was  not  able  to  produce  a  dislocation  inwards  ex- 
perimentally ;  and  he  believes  that  it  can  only  occur  in  persons  whose  ligaments  are 
relaxed.  Though  very  rare,  this  luxation  does  happen  as  the  result  of  accidents, 
and  cases  of  both  partial  and  complete  dislocation  inwards  have  been  reported. 
They  are  generally  produced  by  direct  violence  upon  the  outer  edge  of  the  patella. 
The  symptoms,  mutatis  mutandis,  are  the  same  as  in  dislocation  outwards. 

Treatment. — This  consists  in  pressing  the  patella  into  its  place,  whilst  the 
extensor  muscles  are  relaxed  by  extending  the  knee  and  flexing  the  hip-joint. 
Chloroform  may  be  requisite ;  but  generally  reduction  is  easily  effected  by  placing 
the  patient  in  a  sitting  posture,  raising  the  limb  towards  the  trunk,  and  then  pressing 
down  that  edge  of  the  patella  which  is  most  remote  from  the  joint;  this  raises  the 
opposite  edge,  and  the  bone  is  immediately  drawn  by  the  action  of  the  muscles  into 
its  natural  situation.  A  woman,  set.  40,  who  was  admitted  into  the  Middlesex 
Hospital  under  Mr.  Hulke's  care,  had  fallen  whilst  drunk  and  dislocated  her  patella 
on  to  the  outer  condyle  of  the  femur.  The  knee  was  fixed,  flexed  at  an  angle  of  90°, 
and  much  swollen.  The  displacement  was  reduced  by  the  house  surgeon  flexing  the 
knee  very  acutely  and  then  suddenly  extending  the  leg. 

After  reduction,  ice,  or  a  cooling  lotion  to  the  joint,  and  a  back  splint  with  a 

1  Path.  Soc.  Trans,  vol.  xxxii.  2  Med.  Times  and  Gaz.  Sept.  4,  1858. 

3  Catalogue  des  Pieces,  par  M.  Houel,  No.  759d. 

4  Schmidt's  Jahrb.  I860,  vol.  cxxxix.  p.  311. 
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foot-piece  should  be  applied  for  some  days ;  subsequently  an  elastic  or  a  flannel 
bandage  should  be  worn  for  several  weeks.  In  a  case  of  M.  Voilleroier,1  in  which 
the  patella  was  completely  dislocated  outwards,  and  remained  unreduced  till  death 
fifteen  years  after,  the  patient  was  able  to  walk  without  lameness  and  to  kick  out 
forwards  with  ease. 

Vertical  rotation. — In  the  dislocation  edgeways  the  patella  is  turned  on  its  axis, 
so  as  to  bring  its  lateral  margins  forwards  and  backwards,  and  its  surfaces  sideways ; 
indeed,  in  some  instances  this  has  taken  place  to  such  an  extent  as  almost  to  reverse 
the  normal  position  of  the  two  surfaces.  According  to  Malgaigne,  it  is  the  outer 
edge  of  the  bone  which  is  most  frequently  directed  backwards,  being  buried  in  the 
fossa  between  the  condyles.  There  is  no  difficulty  in  detecting  the  nature  of  these 
dislocations ;  the  patella  can  be  easily  felt  in  its  unnatural  position,  causing  a 
projection  in  front  of  the  joint,  and  a  depression  on  each  side,  while  the  joint  is 
immovably  fixed  in  an  extended  position.  This,  like  the  other  forms  of  dislocation 
of  the  patella,  has  been  known  to  occur  from  muscular  action,  as  in  jumping ;  but 
most  frequently  it  has  i-esulted  from  a  sudden  blow  applied  to  the  patella  while  the 
knee  was  bent,  as  in  Mr.  Mayo's  case,  related  by  Sir  A.  Cooper,  of  the  life-guardsman, 
in  whom  the  injury  was  caused  by  a  blow  from  the  knee  of  another  soldier,  as  the 
opposite  lines  rode  through  each  other. 

A  man,  set.  33,  under  Mr.  Hulke's  care,  had  the  inner  edge  of  the  patella  resting 
on  the  trochlea  of  the  femur  and  its  articular  surface  looking  outwards  ;  the  injury 
was  caused  by  his  striking  his  knee  in  falling ;  the  displacement  was  easily  reduced 
by  manipulation. 

In  a  case  related  by  Mr.  Flower,  the  patient,  a  young  man,  aped  22,  was  stepping  over 
the  s-eats  of  the  gallery  of  a  theatre,  and  fell  between  them,  without,  so  far  as  lie  was  aware, 
striking  the  knee  ;  severe  pain  and  inability  to  flex  the  joint  were  the  immediate  results. 
On  examination  Mr.  Flower  found  the  patella  twisted  on  its  longitudinal  axis,  with  its  outer 
edge  projecting  forwards  under  the  skin,  and  its  inner  edge  wedged  in  between  the  condyles 
of  the  femur  and  the  head  of  the  tibia.  The  limb  was  extended,  and  all  attempts  at  reduc- 
tion by  bending  the  knee,  manipulating  the  patella,  &C.,  produced  great  pain,  and  were  un- 
availing till  chloroform  was  given,  when,  on  bending  the  knee,  the  bone  directly  slipped  back 
into  its  place. 

Treatment. — In  the  cases  just  alluded  to,  reduction  was  effected  under  chloroform 
by  suddenly  bending  the  knee.  In  other  cases  the  same  result  has  been  obtained 
by  pressing  the  edges  of  the  bone  in  opposite  directions  while  the  leg  was  extended  ; 
and  in  others,  in  which  chloroform  has  not  been  used,  all  means,  even  dividing  the 
quadriceps  muscle  and  the  ligamentum  patella?,  opening  the  joint,  and  endeavouring 
to  raise  the  bone  from  its  position  by  an  elevator,  have  failed.  This  practice  is  not 
to  be  lightly  recommended.  Under  chloroform  manipulation  alone  will  probably 
effect  reduction.  Incisions,  subcutaneous,  or  otherwise,  which  involve  the  knee-joint, 
and  whether  performed  under  the  carbolic  spray  or  not,  may  be  successful  and 
satisfactory  in  their  results ;  but  the  risks  are  considerable,  and  as  a  useful  limb 
will  probably  result,  even  if  reduction  is  not  accomplished,  they  are  not  to  be  readily 
encountered.  In  a  case  reported  by  Dr.  Gazzam,2  of  Pittsburg,  in  which  the  inner 
edge  of  the  patella  rested  in  the  groove  between  the  condyles  of  the  femur,  and  the 
articular  surface  looked  outwards,  reduction  was  effected  whilst  the  thigh  was  flexed 
on  the  pelvis  and  the  lesf  on  the  thigh  by  pressing  '  very  strongly  against  the  lower 
edge  of  the  patella  from  without,  with  the  head  of  a  door-key  well  wrapped,  while 
an  assistant  pressed  with  both  thumbs  against  the  upper  edge  of  the  bone  towards 
the  external  condyle.  On  the  fourth  trial  this  manoeuvre  succeeded,  the  bone 
springing  into  its  place  with  a  snap.'  And  this  was  after  bleeding  near  to  syncope 
and  division  of  the  ligamentum  patella1  had  failed.  Recovery  was  uninterrupted, 
and  perfect  use  of  the  joint  was  obtained.  The  extreme  difficulty  that  has  been 
experienced  in  the  reduction  of  some  of  these  dislocations  is  supposed  to  arise  from 
the  upper  extremity  of  the  bone  having  become  firmly  wedged  in  the  intercondyloid 
notch  ;  but  it  is  probable  that  in  some  cases  the  difficult}'  has  been  clue  to  the  patella 

1  Musee  Dupuytren,  No.  759n  ;  also  Clinique  chirurgicale,  p.  409. 

2  Prov.  Med.  and  Surg.  Journ.  1843,  p.  2t  lJ  ;  and  Amer.  Journ.  Med.  Set.  1843. 
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being  held  in  a  slit  in  the  capsule  of  the  joint.  This  no  doubt  was  the  obstacle  in 
Gazzam's  case. 

Upwards. — The  dislocation  of  the  patella  upwards  is  an  exceedingly  rare  accident, 
and  cannot  take  place  without  a  rupture,  or  a  tearing  away  from  the  tibia,  of  the 
ligamentum  patella; ;  this  is  most  usually  brought  about  by  a  sudden  and  violent 
contraction  of  the  quadriceps  muscle,  made  in  an  effort  to  prevent  falling  backwards  ; 
the  dislocation  has  also  taken  place  from  division  of  the  ligament  by  sword- cuts,  and 
by  falling  with  the  knee  on  broken  glass.  The  nature  of  the  accident  is  at  once 
obvious,  from  the  position  of  the  patella,  the  hollow  beneath  it,  and  the  inability  of 
the  patient  to  bear  the  weight  of  his  body  on  the  limb.  It  is  usually  followed  by  a 
good  deal  of  inflammation  of  the  joint.  The  dislocation  should  be  treated  in  all 
respects  like  a  fracture  of  the  patella.  This  dislocation  is  sometimes  pathological  in 
origin,  and  due  to  an  unnatural  elongation  of  the  patellar  ligaments. 

Downwards. — What  have  been  called  downward  dislocations  of  the  patella  are 
really  cases  in  which  the  quadriceps  femoris  tendon  has  been  ruptured.  The  signs 
of  such  an  accident  are  very  characteristic;  they  have  been  described  under  Injuries 
to  Muscles  (p.  994). 

Congenital  dislocations  of  the  fiatella. — Several  such  cases  have  been  recorded 
by  South,1  Hamilton,2  Holthouse,3  and  others.  They  are  generally  outward  luxations. 
In  Caswell's  case  4  both  knees  were  affected  ;  and  the  affection  was  hereditary,  and 
existed  in  the  patient's  father,  son,  nephew,  and  sister.  In  South 's  case  the  patient 
was  an  aged  man,  and  there  was  dislocation  of  each  knee-cap.  In  a  young  lad 
mentioned  by  Smith  there  was  congenital  luxation  outwards  of  both  patellae.  W. 
Stokes  5  has  recorded  a  case  of  congenital  luxation  outwards  of  the  right  patella  ; 
and  refers  to  two  others  which  had  been  exhibited  at  the  Dublin  Pathological  Society 
by  Professor  Smith.  In  Stokes'  case  and  in  one  of  Smith's  the  external  condyle  of 
the  femur  was  altogether  deficient,  owing  to  a  failure  of  development.  In  Smith's 
case  there  was,  besides,  a  congenital  luxation  of  the  radius  of  one  forearm.  Malgaigne 
regarded  these  congenital  luxations  as  due  to  paralysis  of  adjacent  muscles,  relaxation 
of  ligaments,  or  some  other  pathological  condition.  Others  have  thought  them  due 
to  some  mechanical  cause  operating  during  intra- uterine  life.  But  their  occasional 
association  with  absence  of  the  external  condyle  of  the  femur  lends  more  support  to 
the  physiological  theory,  viz.  that  they  result  from  an  early  arrest  of  development 
in  the  part. 

Dislocations  of  the  Knee-Joint. 

Dislocations  of  the  knee  from  violence  are  very  rare  in  spite  of  the  large  size  and 
superficial  position  of  the  joint.  This  rarity  proves  how  admirably  adapted  the 
ligaments  of  the  knee  are,  both  as  to  their  number  and  arrangement,  to  compensate  for 
the  want  of  security  afforded  by  the  shape  of  the  surfaces  of  the  two  long  bones 
which  enter  into  its  formation. 

Congenital  dislocations  are  recorded  by  Hamilton,  Hilton,  Godlee  ('Brit.  Med. 
Journal,'  March  3,  1877).  They  are  generally  forward,  the  tibia  being  in  front  of 
the  condyles. 

The  tibia  may  be  displaced  as  the  result  of  accidents,  in  four  principal  directions, 
viz.  outwards,  inwards,  forwards,  and  backwards.  Each  of  these  dislocations  may  vary 
in  degree,  but  the  lateral  are  always  partial,  and  the  antero-posterior  generally  com- 
plete. They  are  usually  combined  with  a  slight  rotation  of  the  tibia  on  its  axis. 
Dislocations  of  the  knee  may  also  occur  in  the  diagonal  directions,  viz.  antero- 
laterally  or  postero-laterally. 

Lateral  dislocations. — Unless  compound  these  luxations  are  always  incomplete. 
Velpeau  did  not  find  one  complete,  but  Malgaigne  has  refeired  to  two  both  of  which 
were  inwards  and  compound. 

1  South,  Chelius's  System  of  Surgery,  and  notes  by  J.  F.  South,  vol.  i.  p.  805. 

2  Hamilton,  Fract.  and  Dislocations. 

3  Lancet,  vol.  ii.  1872.  4  Hamilton,  op.  cit.  p.  779. 
5  VV.  Stokes,  Proc.  Path.  Soc.  Dublin,  N.S.  vol.  ii.  p.  247. 
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In  the  dislocations  outwards  the  spine  of  the  tibia  or  the  inner  articular  surface 
of  that  bone  is  driven  beneat  h  the  external  condyle  of  the  femur.  In  the  dislocations 
inwards  the  spine  of  the  tibia  or  the  outer  articular  facet  is  displaced  beneath  the 
internal  condyle. 

The  causes  of  these  displacements  are  falls  upon  the  foot  with  the  leg  bent  under 
the  patient's  body,  or  blows  directed  laterally  against  the  joint,  or  sudden  twists  of  the 
femur  or  leg.  M.  Flenry  1  has  reported  a  case  in  which  the  dislocation  was  caused 
by  the  assistant  who  was  in  charge  of  the  leg  of  a  patient  from  whom  some  labial 
warts  were  being  removed,  giving  the  limb  a  sharp  twist  outwards ;  inflammation 
was  followed  by  amputation  and  death.  The  preparation  is  in  the  Musee  Dupuytren, 
and  should  be  a  caution  to  all  who  have  to  assist  in  keeping  a  patient  in  the  litho- 
tomy position. 

Owing  to  the  extreme  violence  of  the  injury,  the  lateral  and  crucial  ligaments 
and  the  tendinous  fibres  of  the  vasti  are  more  or  less  torn  ;  but  in  M.  Fleury's  case 
just  referred  to,  and  in  which  the  conditions  seen  are  no  doubt  largely  due  to  patho- 
logical changes,  the  posterior  ligament  is  puckered,  not  torn,  and  the  external  lateral 
ligament  is  stretched  over  the  outer  articular  surface  of  the  tibia,  but  is  not  torn ;  the 
inner  edge  of  the  tibia  rests  in  the  intercondylar  notch. 

The  symptoms  of  these  dislocations  are  so  characteristic  that  a  mistake  in  diag- 
nosis is  not  likely  to  occur. 

There  is,  however,  one  accident  which  very  closely  resembles  them,  viz.  separation 
of  the  lower  epiphysis  of  the  femur,  or  a  fracture  through  it.  A  little  boy,  four 
years  of  age,  was  riding  behind  a  cart,  when  his  left  leg  got  between  the  spokes  of 
the  wheel,  and  he  was  brought  into  the  Westminster  Hospital  with  an  apparent 
dislocation  of  the  tibia  inwards.  With  very  slight  extension  of  the  limb,  the  de- 
formity was  removed  and  distinct  crepitus  elicited,  thus  pointing  to  the  nature  of  the 
injury. 

Whether  the  displacement  be  external  or  internal,  there  will  be  a  marked  promi- 
nence made  by  the  condyle  of  the  femur  on  the  one  side,  and  by  the  head  of  the  tibia 
on  the  other  side  of  the  knee.  The  limb  is  not  shortened,  though  the  leg  and  thigh 
are  no  longer  in  the  same,  but  more  nearly  in  parallel  planes ;  the  position  of  the  leg 
to  the  thigh  is  generally  one  of  partial  flexion  ;  though  this  is  by  no  means  diagnostic, 
as  it  has  sometimes  been  found  straight.  In  two  cases  of  outward  displacements  in 
the  Musee  Dupuytren,  viz.  M.  Fleury's  and  a  specimen  of  Malgaigne,  the  patella  is 
seen  to  be  in  contact  at  the  outer  face  of  the  external  condyle  of  the  femur.  The 
toes  are  sometimes  everted  in  the  outward  displacements.  It  has  been  remarkable 
in  some  cases  how  very  little  swelling  or  inflammation  has  followed  the  accident,  and 
how  rapidly  and  completely  the  patients  have  regained  useful  limbs.  In  other  cases, 
however,  the  swelling  and  inflammation  have  been  extreme,  and  the  joints  have  re- 
mained insecure  and  painful  for  a  long  while. 

The  treatment  of  lateral  dislocations  of  the  knee  is  very  simple,  and  reduction  is, 
as  a  rule,  quite  easily  effected  by  moderate  extension  and  counter-extension,  combined 
with  rotation,  or  with  alternate  flexion  and  extension.  In  the  only  case  of  inward 
dislocation  which  was  under  Sir  A.  Cooper's  own  care,  he  was  surprised  at  the  ease 
with  which  the  bone  was  reduced  by  direct  extension,  and  at  the  little  inflammation 
which  followed.  In  Bransby  Cooper's  case  the  fellow  workman  of  the  patient  re- 
duced an  inward  displacement  by  extension  and  pressure. 

Dislocations  in  the  antero-posterior  direction  cannot  take  place  without  the 
application  of  great  force.  They  are  sometimes  incomplete,  and  are  then  marked 
by  the  same  symptoms,  though  to  a  less  degree,  as  when  complete.  Velpeau  found 
13  complete  dislocations  forwards,  and  8  backwards.  Malgaigne  found  only  2  out  of 
26  forward  dislocations  incomplete  ;  24  being  complete :  and  of  12  cases  of  posterior 
displacement  6  were  complete,  and  6  incomplete. 

They  are  generally  caused,  when  the  knee  is  more  or  less  flexed,  either  by  a  force 
applied  to  the  lower  end  of  the  femur  whilst  the  leg  is  fixed,  thus  driving  the 
condyles  backwards  or  forwards,  as  for  instance  when  a  person  falls  forwards  or 
1  Arch.  gen.  de  Med.  1837,  t.  xiv.  p.  194. 
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backwards  when  the  feet  are  immovably  fixed  ;  or  by  a  force  applied  to  the  front  or 
back  of  the  leg  or  the  foot  whilst  the  thigh  is  fixed,  thus  driving  the  head  of  the 
tibia  backwards  or  forwards.  Generally,  too,  there  is  a  twisting  force  exerted  at  the 
same  moment  with  the  direct. 

Dislocation  forward. — -The  symptoms  are  a  prominence  in  the  ham  produced  by 
the  condyles  of  the  femur,  and  another  in  the  front  of  the  knee  caused  by  the  heads 
of  the  tibia  and  fibula,  and  the  patella ;  while  a  depression  exists  below  the  posterior 
and  above  the  anterior.  The  outlines  of  the  prominences  suggest  the  shape  of  the 
ends  of  the  bones  which  cause  them.  The  patella,  which,  as  a  rule,  is  quite  movable 
owing  to  the  relaxation  of  the  quadriceps  extensor  tendon,  will  be  either  above  the 
head  of  the  tibia  or  in  front  of  it.  The  limb  is  shortened  to  a  variable  extent  from  one 
to  three  or  even  four  inches,  according  as  the  tibia  is  higher  or  lower  in  front  of  the 
femur.  In  the  majority  of  cases  the  limb  is  extended,  but  in  some  it  has  been  found 
flexed  ;  the  mobility  also  varies  from  almost  complete  fixity  to  a  considerable  amount 
of  motion  in  every  direction.  The  leg  may  be  rotated  outwards  or  inwards.  There 
may  be  much  pain  from  pressure  on  the  popliteal  nerves,  and  in  some  cases  pulsa- 
tion cannot  be  felt  in  the  tibials  at  the  ankle  owing  to  compression  of  the  popliteal 
artery.  Houston  has  recorded  one  case  1  at  least,  if  not  two,  in  which  dry  gangrene 
resulted  from  this  complication  ;  in  other  cases  pulsation  has  returned  at  once  after 
reduction  of  the  dislocation.  It  seems  that  the  forward  displacement  is  somewhat 
more  likely  to  be  attended  by  injury  to  the  popliteal  vessels  than  the  posterior.  Mr. 
Bradley,2  of  Manchester,  has  recorded  three  cases  of  complete  forward  dislocation  of  the 
head  of  the  tibia,  in  one  of  which  the  knee  was  slightly  flexed  and  the  leg  shortened 
one  and  a  half  inch.  The  head  of  the  tibia  was  drawn  up  in  front  of  the  condyles, 
and  the  patella  lay  in  a  deep  depression  above  the  head  of  the  tibia  ;  it  was  very 
movable  owing  to  the  relaxed  state  of  the  extensor  muscles.  Pulsation  was  felt  in 
the  posterior  tibial  artery  at  the  ankle,  though  feebler  than  on  the  other  limb. 
Reduction  under  chloroform  was  easily  effected,  and  the  man  was  quite  well  in  less  than 
eight  weeks.  In  the  second  case  the  limb  was  shortened  to  the  extent  of  three  inches 
and  the  condyles  were  almost  bursting  through  the  ham  ;  the  leg  was  blue  and  cold 
from  pressure  on  the  vessels.  Reduction  was  easily  effected  by  manual  extension 
under  chloroform,  pulsation  in  the  posterior  tibial  at  the  ankle  almost  immediately 
returned,  and  pain  ceased  and  the  case  did  well.  The  third  case  was  much  like  the  first.3 

Dislocation  backwards. — The  head  of  the  tibia  forms  a  projection  in  the  ham  ; 
the  condyles  of  the  femur  project  strongly  in  front,  and  a  deep  depression  exists  be- 
low the  patella  and  projecting  condyles  of  the  femur  ;  and  depression  is  very  often 
strongly  marked  on  each  side  of  the  ligamentum  patellae.  If  the  popliteal  nerve  is 
pressed  upon,  there  will  be  intense  pain.  The  patella,  still  connected  by  its  liga- 
ments to  the  tibia,  has  its  anterior  surface  facing  downwards  and  its  superior 
border  forwards.  The  limb  may  be  not  at  all  or  only  a  little  shortened ;  the  shorten- 
ing rarely  exceeds  one  inch.  Most  commonly  the  leg  is  in  a  position  of  extreme 
extension,  or  it  may  be  even  bent  forward ;  but,  on  the  other  hand,  it  has  been  found 
in  some  instances  straight,  in  others  slightly  flexed,  in  others  again  greatly  flexed. 
A  specimen  of  incomplete  luxation  of  the  tibia  backwards  I  have  seen  in  which  the 
knee  was  bent  to  a  right  angle,  the  patella  being  below  the  femoral  condyles,  but 
well  in  front  of  them.  In  a  case  reported  by  Mr.  Rose  4  in  which  the  head  of  the 
tibia  was  completely  dislocated  behind  the  condyles  of  the  femur,  the  patella  was 
thrown  on  to  the  outside  of  the  outer  condyle,  the  leg  being  fixed  and  extended. 
Backward  dislocation  is  more  rare  than  the  forward. 

The  injury  done  to  the  soft  parts  about  the  knee  in  these  dislocations  is  often  very 
extensive ;  the  crucial,  lateral,  and  posterior  ligaments,  the  tendinous  expansion  of 
the  vasti,5  the  gastrocnemius,  and  the  biceps,  flexor  cruris  muscles  may  be  torn  ;  or 

1  Houston,  Dublin  Hosp.  Bepts.  Feb.  15,  1845,  p.  8. 

2  Bradley,  Brit.  Med.  Journ.  May  5,  1877,  p.  544. 

3  Ibid.  Sept.  21,  1878,  p.  439. 

4  Rose,  Prov.  Med.  Journ.  June  11,  1842. 

5  Sir  Astley  Cooper  mentious  a  case  of  dislocation  backwards  which  was  not  complete, 
hut  in  which  the  quadriceps  extensor  tendon  was  ruptured. 
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bruised  and  stretched,  if  not  torn.  In  the  forward  displacement  the  hamstring 
tendons  may  not  yield,  but  may  slide  forward  past  the  condyles  of  the  femur.1 

In  either  form  of  luxation  the  vessels  and  nerves  of  the  ham  may  be  compressed, 
but  in  most  cases  seem  to  have  escaped  actual  laceration.  Speaking  generally,  it 
may  be  stated  that  if  these  antero  posterior  luxations  are  complete,  as  they  mostly  are, 
all  the  soft  structures  about  the  knee  are  either  stretched,  torn,  or  compressed. 

The  treatment  of  these  dislocations  is  simple  ;  reduction  being,  as  a  rule,  easy,  and 
followed  by  complete  recovery  in  from  5  or  6  weeks  to  4  or  5  months ;  some  weak- 
ness and  a  little  lameness  may  possibly  remain  for  a  time.  Even  when  incomplete 
backward  luxation  has  remained  unreduced,  a  very  serviceable  joint  may  result. 
Malgaigne  tells  us  he  has  seen  two  persons  who,  at  the  end  of  5  weeks  and  12  months 
respectively,  had  tolerably  useful  limbs,  and  ultimately  were  able  to  walk  at  least 
twelve  leagues  a  day.  Sir  Win.  Fergusson  2  saw  two  cases  of  unreduced  dislocation 
of  old  date,  in  which  '  the  joint  seemed  little  the  worse  in  regard  to  its  movement.' 
Dr.  Le  Roy  Yale  3  has  reported  a  fatal  case  of  forward  dislocation. 

The  best  method  of  reduction  is  by  extension  made  from  the  ankle  in  the  axis 
of  the  displaced  tibia,  and  counter-extension  from  the  thigh  or  perinseum,  aided  if 
necessary  by  pressure  on  the  condyles  and  head  of  the  tibia.  Chloroform  and  ether 
mixture  may  be  administered  with  advantage  to  facilitate  reduction  and  to  remove 
the  pain  attending  it.  After  reduction  is  accomplished,  the  joint  must  be  kept 
perfectly  motionless  for  two  or  three  weeks  at  least,  and  the  ordinary  remedies  em- 
ployed for  preventing  or  subduing  inflammation.  Subsequently  passive  movements 
should  be  practised,  and  for  a  time  support  by  means  of  an  india-rubber  bandage 
should  be  afforded  the  knee. 

Dislocation  outwards  with  rotation  backwards. —  Some  four  or  five  cases  of 
traumatic  dislocation  in  this  direction  have  been  reported,  in  which,  besides  being 
displaced  outwards,  the  leg  is  rotated  so  that  the  fibula  looks  backwards  and  the 
inner  surface  of  the  tibia  forwards.  This  accident  arises  from  a  violent  twist  of  the 
leg  whilst  the  thigh  is  fixed.  In  these  cases  the  patella  forms  a  prominence  exter- 
nally, and  the  inner  condyle  projects  iuternally  ;  the  foot  is  turned  outwards,  and  the 
crest  of  the  tibia  is  along  the  outer  side  of  the  leg  in  its  rotated  position.  Partial 
dislocation  backwards  and  outwards,  with  some  outward  rotation,  is  very  frequently 
the  result  of  long-standing  disease  of  the  knee-joint. 

Complications. — Fracture  may  complicate  dislocations  of  the  knee;  the  inner 
condyle  of  the  femur  has  been  broken  in  one  case,  the  upper  part  of  the  fibula  in  an- 
other. The  patella  has  been  displaced  outwards  in  a  case  of  complete  backward 
luxation  of  the  tibia.  Rupture  of  the  popliteal  vessels,  necessitating  immediate 
amputation,  has  occurred  in  two  or  three  recorded  instances.  Sir  Wm.  Fergusson  4 
saw  a  case  in  which  the  popliteal  artery  was  lacerated  by  the  backward  projection 
of  the  condyles  of  the  femur,  the  displacement  being  such  that  the  femur  was  thrust 
through  the  skin  of  the  ham.  At  a  later  date  suppuration  of  the  joint  may  arise, 
and  general  purulent  infection  of  the  system  follow.  The  dislocation  may  be  com- 
pound. 

Compound  dislocation. — This  is  one  of  the  most  grave  accidents  which  the 
surgeon  can  be  called  upon  to  treat,  on  account  of  the  large  size  and  complex  character 
of  the  joint,  the  large  size  of  the  wound  and  of  the  protruded  bone,  and  the  general 
stretching,  bruising,  and  often  extensive  laceration  of  the  soft  structures  in  the 
neighbourhood  of  the  knee.  There  is  the  risk  of  gangrene  to  consider;  and  if  this 
does  not  happen,  exhaustive  and  prolonged  suppuration  and  necrosis  may  follow  if  an 
attempt  be  made  to  save  the  limb.  For  these  reasons  amputation,  as  a  general  rule, 
is  the  right  practice  to  pursue  ;  but  if  the  subject  of  the  accident  be  young  and  of 
good  constitution,  if  the  wound  in  the  integument  be  small,  and  the  soft  parts  around 
the  joint  not  much  bruised,  and  if  the  popliteal  vessels  are  not  injured,  an  effort 
may  be  made  to  save  the  limb.    Excision  may  be  performed  instead  of  amputation 

1  Mile  Hamilton,  Tract,,  and  Bisl.  p.  707,  4th  ed.       2  Practical  Surgery,  5th  ed.  p.  323. 
:!  Yale,  New  Y»rl;  Mod.  Journ.  vol.  ii.  p.  124,  Nov.  18G5. 
4  Pract.  of  Surg.  5th  ed.  p.  821. 
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in  certain  cases  if  the  patient  be  young  and  has  healthy  viscei-a,  and  the  nerves  and 
vessels  of  the  ham  are  intact,  and  the  muscles  not  very  much  lacerated.  A.  White 
sawed  off  the  projecting  end  of  the  femur  in  a  case  of  forward  dislocation  in  a  boy, 
and  succeeded  in  saving  both  limb  and  life.  Malgaigne  gives  two  cases  of  complete 
compound  luxation  inwards  in  which  the  protruded  bone  was  replaced  and  the 
patients  recovered.1 

Dislocation  of  the  semilunar  cartilages. — These  accidents,  which  have  been  de- 
scribed by  Malgaigne  as  sub  luxation  of  the  semilunar  fibro- cartilages,  are  the  result 
of  slight  twists  of  the  foot  and  lew  when 


Fig.  196. — Dislocation  of  External  Semi- 
lunar Cartilage.  (Godlee,  '  Path.  Trans, 
vol.  xxxi.) 


the  knee  is  in  a  more  or  less  flexed  position. 
They  often  occur  during  walking,  in  rising 
from  the  stooping  posture,  or  by  catching 
the  toes  against  some  stone  or  ridge  of 
ground,  or  in  the  bedclothes.   Joints  which 
have  been  the  seat  of  inflammatory  changes, 
or  in  which  the  ligaments  are  relaxed,  and 
the  cartilages  swollen,  are  most  prone  to 
'  internal  derangement  of  the  knee,'  as  Hey 
called  these  accidents.   The  internal  carti- 
lage is  said  to  be  more  frequently  dis- 
placed than  the  outer,  though  there  is,  I 
think,  room  to  question  this ;  certainly 
the  anatomical  conditions  of  the  cartilages 
would  point  to  the  external  as  being  the 
most  liable  to  slip  from  its  position.  The 
displacement  may  take  place  either  in- 
wards, or  inwards  and  backwards,  towards 
the  spine  of  the  tibia  ;  or  outwards  beyond 
the  margin  of  the  tibial  facet  and  the 
femoral  condyle.     These  may  fitly  be  de- 
scribed as  the  median  and  the  marginal 
forms  of  dislocation  of  the  cartilages.  In 
illustration  of  the  median  form  two  cases 
may  be  quoted.    Sir  W.  Fergusson  2  ob- 
served an  instance  in  the  dissecting-room, 
"where  one  of  the  cartilages  had  been  torn 
from  its  connection  with  the  tibia  through- 
out its  whole  length,  with  the  exception  of 
its  extremities.  .  .  .  The  cartilage  was  flattened  on  its  outer  margin,  and  where  it  passed 
behind  the  condyle  of  the  femur,  seemed  to  fit  into  the  articular  surfaces  almost  as 
accurately  as  the  internal  concavity  does  in  the  natural  position  of  the  parts.' 
Another  case  (fig.  196),  also  a  dissecting-room  specimen,  is  described  by  Mr.  Godlee,3  in 
which  the  circumference  of  the  external  fibro-cartilage  was  torn  away  from  its 
attachments  and  occupied  a  vertical  position  in  the  inteicondyloid  fossa,  the  cartilage 
being  obviously  flattened  by  the  pressure  of  the  inner  part  of  the  condyle.  A  capital 
illustration  of  the  marginal  form  of  dislocation,  though  not  resulting  from  any  of  the 
causes  usually  mentioned  as  producing  it,  has  been  described  by  R.  W.  Smith.4  The 
subject  was  a  boy,  set.  16,  who  was  wounded  by  a  hackle-pin,  the  sharp  curved  point 
of  which  penetrated  the  edge  of  the  internal  fibro-cartilage ;  the  pin,  as  the  boy  fell 
backwards,  tore  its  way  out.    On  the  joint  recovering  from  this  injury,  it  was  found 
that  there  was  no  general  stiffness  of  thejoint,  but  that  neither  flexion  nor  extension 
could  be  fully  accomplished ;  when  walking  was  attempted  the  joint  would  yield 
bending  forward,  and  a  very  distinct  projection  was  seen  and  felt  between  the  tibia 
and  inner  condyle ;  the  most  prominent  part  of  the  projection  was  at  the  cicatrix. 

1  Tom.  ii.  p.  95G.  2  Practical  Surgery,  5th  ed.  p.  323. 

3  Path.  Soc.  Trans,  vol.  xxxi.  p.  240. 

4  R.  W.  Smith,  Proc.  Path.  Soc.  Dublin,  vol.  ii.  N.S.  p.  253. 


external  semilunar  cartilage,  occupying  a  vertical 
position  in  the  intercondylar  notch  ;  b,  outer  part  of 
capsule,  from  which  the  cartilage  has  been  torn  ; 
c,  c,  c,  patches  of  erosion  from  chronic  rheumatic 
arthritis  of  femur ;  rf,  patches  of  erosion  on  part  of 
tibia  on  which  the  displaced  cartilage  normally  lay  ; 
e,  internal  semilunar  cartilage  in  the  natural  posi- 
tion ;  /,  transverse  ligament  ;  ij,  tendon  of  popliteus 
muscle  ;  ft,  anterior  crucial  ligament ;  i,  posterior 
crucial  ligament ;  I,  infra-patellar  fat ;  m,  tendon  of 
extensor  cruris. 
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Pressure  caused  pain.  The  projection  presented  a  curved  outline,  was  rather  elastic 
to  the  feel,  and  was  manifestly  not  osseous.  Prof.  Smith  considered  the  natui'e  of  the 
case  so  obvious  as  to  amount  to  an  actual  demonstration  of  the  injury. 

The  symptoms  of  displacements  of  these  cartilages  are  a  sudden  and  severe  pain 
in  the  joint  with  inability  to  straighten  it,  followed  in  a  short  time  by  effusion  and 
the  usual  symptoms  of  synovitis.  Sometimes  there  is  slight  relaxation  of  the  liga- 
nientum  patellae.  Passive  flexion  and  extension  are  unattended  by  pain,  or  by  more 
than  trifling  uneasiness ;  but  the  patient  cannot  of  himself  extend  or  freely  bend  the 
knee,  and  he  is  obliged  to  keep  the  knee  stiff  and  in  a  slightly  bent  position  dining 
walking,  resting  upon  his  toes  when  the  sound  limb  is  off  the  ground  ;  in  fact, 
walking  is  performed,  as  one  of  Hey's  patients  thus  afflicted  expressed  it,  '  as  if  he 
had  no  joint  in  the  knee.' 1  If  the  dislocation  be  in  the  marginal  direction  there  will 
be  a  projection  on  the  side  of  the  displacement,  which  will  be  the  more  pronounced 
if  the  cartilage  is  enlarged  ;  if  the  luxation  be  in  the  median  direction  there  will  be 
no  projection,  but  probably  a  depression  to  mark  the  place  from  which  the  cartilage 
has  slipped  away,  though  there  might  be  a  slight  projection  due  to  the  antero- 
posterior elongation  of  the  semilunar  cartilage  in  its  new  position,  and,  if  so,  it  would 
be  most  likely  evident  just  on  one  side  of  the  ligamentum  patella;  as  in  Mr.  Clement 
Lucas's  case.2 

Hey  and  Astley  Cooper  3  observed  no  projection  in  their  cases,  and  it  is  therefore 
probable  that  the  fibro-cartilages  took  the  median  direction  ;  on  the  other  hand,  cases 
have  been  recorded  by  Bassius,4  Malgaigne,  and  Dequevauviller,5  in  which  there 
was  a  projection ;  and  in  Bassius's  case  the  external  cartilage,  which  had  become 
much  enlarged  by  previous  inflammation  of  the  joint,  was  projecting  strongly  out- 
wards. 

It  should  be  borne  in  mind  that  loose  cartilages  in  the  knee-joint  have  been,  and 
are  liable  to  be,  mistaken  for  luxation  of  the  cartilages.  M.  Gimelle  6  has  related  a 
case  in  which  this  mistake  was  made ;  but,  the  true  cause  having  been  at  length 
discovered,  Larrey  cut  into  the  joint  and  removed  the  foreign  body. 

Several  conditions  which  may  be  grouped  under  Hey's  designation,  '  Internal 
derangement  of  the  knee,'  may  give  rise  to  much  the  same  class  of  symptoms  :  thus, 
Hey  himself  says  7  that  the  symptoms  he  has  described  'may  be  brought  on,  I  appre- 
hend, by  any  such  alteration  in  the  state  of  the  joint  as  will  prevent  the  condyles  of 
the  os  femoris  from  moving  truly  in  the  hollow  formed  by  the  semilunar  cartilages  and 
articular  depressions  of  the  tibia.  An  unequal  tension  of  the  lateral  or  cross  liga- 
ments of  the  joint,  or  some  slight  derangement  of  the  semilunar  cartilages,  may  pro- 
bably  be  sufficient  to  bring  on  the  complaint.' 

Treatment. — Hey  succeeded  in  his  cases  by  first  extending  and  then  suddenly  bend- 
ing the  leg  on  the  thigh  and  repeating  the  process  two  or  three  times,  the  patient  being 
seated  the  while  on  a  high  seat  which  would  allow  of  the  limb  being  bent  under  it. 
Another  plan  is  to  flex  the  knee  to  its  utmost  extent  and  then  suddenly  to  straighten 
it  ,  imparting  to  the  leg  at  the  same  time  a  slight  rotatory  movement.  An  anaesthetic 
may  be  administered  before  performing  these  movements  if  thought  desirable.  Should 
reduction  be  effected,  the  patient  will  at  once  be  able  to  extend  his  limb  and  move  it 
freely  ;  sometimes,  however,  all  plans  fail,  and  then  the  patient  must  constantly  wear 
a  bandage  or  knee-cap  firmly  around  the  joint.  Even  when  reduction  is  effected, 
similar  support  of  the  joint  is  required  in  order  to  prevent  a  return  of  the  luxation, 
to  which  persons  who  have  once  suffered  are  particularly  prone.  In  all  cases  some 
degree  of  inflammation  of  the  joint  is  set  up,  which  requires  the  usual  treatment  for 
synovitis. 

Dislocations  of  the  Fibula. 

Dislocation  of  the  upper  end  of  the  fibula. — Sometimes  the  superior  tibio- 
fibular ligaments  become  very  lax,  and  permit  of  an  abnormal  amount  of  mobility 

1  Hey,  Practical  Observations  in  Surgery,  3rd  ed.  p.  341. 

2  Brit.  Med.  .Town.  Nov.  15,  1879,  p.  774.  3  A.  Cooper,  Fract.  and  DM.  p.  212. 
4  Malgaigne,  tome  ii.  p.  908.  6  Rev.  med.-chir.  tome  vi.  p.  160  ;  tome  vii.  p.  311. 
«  Gas.  med.  1835,  p.  221.                                 7  Hey,  op.  cit.  p.  334. 
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at  this  joint,  amounting  almost  to  dislocation  ;  sometimes  as  the  result  of  an  oblique 
fracture  of  the  tibia,  the  head  of  the  fibula  has  been  drawn  upwards  by  the  contraction 
of  the  gastrocnemii  and  biceps  muscles;  sometimes  upward  dislocation  of  the  head 
of  the  fibula  has  resulted  from  dislocation  of  the  ankle,  as  in  Boyer's  case  recorded  by 
Malgaigne  ;  sometimes,  too,  the  fibula  is  luxated  at  its  upper  end  as  the  result  of 
direct  injury. 

Malgaigne  and  Hamilton  have  collected  and  recorded  several  instances  of  trau- 
matic luxation,  both  forwards  and  backwards,  of  the  upper  end  of  the  fibula.  In 
dislocation  forwards  the  head  of  the  fibula  occupies  a  position  near  the  edge  of  the 
ligamentum  patellre ;  the  direction  of  the  biceps  is  consequently  altered ;  there  is 
intense  pain,  and  the  leg  may  remain  semiflexed  1  and  immovably  fixed  until  reduction 
is  completed.  The  causes  of  the  forward  displacement  have  been  twofold,  viz  (1) 
violent  action  of  the  muscles  attached  to  the  front  of  the  fibula;  ("2)  direct  violence. 
The  best  method  of  reduction  seems  to  be  pressure  upon  the  head  of  the  fibula  while 
the  leg  is  flexed  on  the  thigh,  and  the  foot  flexed  on  the  leg.  In  some  cases  recovery 
has  been  very  rapid  ;  thus  in  Hawley's  case  the  patient  was  attending  to  his  usual 
duties  after  a  week  of  complete  rest  and  cooling  lotions. 

In  backward  dislocations  the  head  of  the  fibula  is  behind  its  normal  position 
and  forms  a  prominence  just  beneath  the  skin  ;  the  leg  is  partially  flexed,  and  both 
flexion  and  extension  of  the  leg  is  impaired  ;  pain,  or  it  may  be  coldness  or  numb- 
ness, will  be  felt  along  the  outer  side  of  the  leg  according  to  the  degree  of  pressure 
on  the  external  popliteal  nerve  j  and  the  toes  or  even  the  whole  foot  may  be  drawn 
outwards.  Like  the  anterior  displacements,  the  posterior  also  may  be  caused  either 
by  muscular  or  direct  violence.  Ia  Dubreuil's  case  the  dislocation  seemed  due  to 
violent  contraction  of  the  biceps  flexor  cruris  ;  in  Sanson's  to  the  passage  of  the 
wheel  of  a  waggon  over  the  joint.  In  Richardson's  *  case,  a  boy,  aet.  9  years,  fell 
five  feet  and  struck  the  outside  of  his  knee.  Mr.  Erichsen  3  has  recorded  the  case 
of  a  young  man,  set.  23,  in  whom  the  backward  displacement  was  caused  by  a  fall  in 
descending  an  Alpine  slope  ;  when  seen  some  time  afterwards  the  bone  remained 
permanently  in  its  abnormal  position,  the  tendon  of  the  biceps  frustrating  all  attempts 
at  reduction  ;  but  with  the  exception  that  he  could  not  jump  and  the  leg  was  some- 
what weak,  the  patient  suffered  no  inconvenience. 

The  treatment  requisite  is  pressure  in  a  forward  and  outward  direction  upon  the 
upper  end  of  the  fibula  whilst  the  knee  is  flexed ;  the  bone,  will,  thus,  as  a  rule,  slip 
into  its  place,  and  there  it  should  be  retained  with  a  compress  and  bandage,  and  the 
limb  should  be  kept  at  rest  for  a  month  or  five  weeks.  It  has  been  noticed  that 
there  is  a  tendency  for  the  leg  to  incline  outwards ;  when  this  is  the  case  some  fixed 
apparatus,  such  as  the  plaster  of  Paris  bandage,  should  be  worn  for  some  few  weeks 
longer. 

Mr.  Bryant  speaks  of  dislocation  outwards  and  mentions  having  seen  three  cases  ; 
he  thinks  the  accident  is  generally  caused  by  some  violent  adduction  of  the  foot  with 
simultaneous  abduction  of  the  knee. 

Dislocation  of  the  lower  end  of  the  fibula. — It  is  a  very  rare  tiling  for  the 
lower  end  of  the  fibula  to  be  displaced  from  the  tibia  and  the  outer  side  of  the 
astragalus,  except  in  connection  with  dislocation  of  the  astragalus  or  of  the  ankle- 
joint.  Luxation  backwards  of  this  end  of  the  fibula  at  the  inferior  tibio  fibular 
articulation  has,  however,  been  described  by  no  less  an  authority  than  Nelaton  ;  the 
accident  was  caused  by  the  passage  of  the  wheel  of  a  carriage  obliquely  across  the 
leg,  thus  pushing  the  malleolus  backwards  until  it  was  in  close  contact  with  the  outer 
edge  of  the  tendo  Achillis;  the  outer  articular  facet  of  the  astragalus  could  be  plainly 
felt ;  the  foot  retained  its  natural  position.  The  dislocation  had  occurred  thirty-nine 
days  before  the  subject  of  it  was  seen  by  M.  Gerdy,  and,  though  reduction  was  not 
effected,  the  patient  could  walk  fairly  well. 

1  Hawley's  case  reported  by  Hamilton. 

2  Richardson,  Am.  Journ.  Med.  Sci.  April  1863. 

3  Sci.  and  Art  of  Surg.  vol.  i.  p.  512,  7th  ed. 
Vol.  I.  4  A 
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In  such  an  injury  the  proper  treatment  would  be  to  extend  the  foot  forcibly  on 
the  leg,  and  then,  the  peronei  muscles  being  thus  relaxed,  to  press  forward  the  external 
malleolus  into  its  place. 

Dislocations  of  the  Foot. 

Much  confusion  prevails  in  the  nomenclature  of  this  class  of  injuries  owing  to 
some  authors  describing  the  distal  bone  or  bones  as  being  dislocated  from  the 
proximal,  while  others  speak  of  the  proximal  as  being  dislocated  from  the  distal. 
Thus  in  dislocations  of  the  ankle-joint  much  ingenuity  has  been  expended 
in  discussing  whether  it  is  the  tibia  which  is  dislocated  from  the  astragalus,  or 
the  astragalus  and  the  rest  of  the  foot  from  the  tibia.  Sir  A.  Cooper  and  other 
English  surgeons,  Malgaigne,  and  Hamilton  speak  of  the  tibia  as  the  bone 
displaced  ;  though  Hamilton  1  expresses  some  doubts  as  to  the  propriety  of  this 
mode  of  appellation.  On  the  other  hand,  Petit,  Boyer,  and  the  majority  of  the 
French  and  several  English  and  German  surgeons  describe  the  foot  as  tbe  part  dis- 
located. In  this  way  the  dislocation  inwards  of  tlie  one  class  woidd  correspond  with 
the  dislocation  outwards  of  the  other.  Again,  when  the  astragalus,  retaining  its 
normal  relation  to  the  tibio-fibular  mortise,  has  been  torn  away  from  its  calcaneo- 
scaphoid  connections,  some  writers  have  spoken  of  the  injury  as  a  dislocation  of  the 
astragalus  ;  while  others  with  more  propriety  have  described  it  is  a  dislocation  of  the 
foot  beneath  the  astragalus,  and  have  reserved  the  term  '  dislocation  of  the  astragalus' 
exclusively  for  displacements  of  that  bone  from  all  its  connections,  viz.  the  tibio-fibular 
mortise  as  well  as  the  calcaneo-scaphoid  articulations.  In  luxations  of  all  joints 
excepting  those  of  the  foot  the  more  distal  part  of  the  limb  is  described  as  being 
dislocated  from  the  more  proximal ;  and  there  is  no  valid  reason  why  this  mode  of 
description  should  not  hold  good  in  the  case  of  dislocations  of  the  foot  also.  It  is  the 
mode  adopted  in  the  present  article. 

Dislocations  of  the  Ankle 

In  these  dislocations  there  is  a  displacement  of  the  trochlea  of  the  astragalus  from 
the  tibio-fibular  mortise,  the  astragalus  still  retaining  its  natural  relations  with  the 
rest  of  the  foot.  They  may  take  place  in  five  directions,  which  will  be  mentioned 
in  the  order  of  their  frequency,  viz.  outwards,  inwards,  backwards,  forwards,  and 
upwards  between  the  tibia  and  fibula.  In  the  greater  number  of  instances  the  so- 
called  lateral  dislocations  of  the  ankle  are  in  reality  lateral  twists  of  the  foot  with 
consequent  rotation  of  the  astragalus  beneath  tbe  tibio-fibular  arch.  In  most  gingly- 
moid  joints,  the  elbow  for  instance,  such  lateral  rotation  cannot  by  any  possibility 
take  place,  though  partial  and  complete  horizontal  displacements  outwards  occur. 
But  at  the  ankle-joint  the  outward  and  inward  luxations,  whether  partial  or  com- 
plete, are  not  usually  in  a  horizontally  lateral  direction,  though  dislocations  in  such 
a  direction  do  occasionally  happen.  However,  in  accordance  with  custom  we  speak 
of  them  all  as  dislocations  of  the  ankle,  whether  the  astragalus  and  with  it  the  foot 
is  simply  rotated  on  its  axis  or  is  displaced  in  a  horizontal  manner  without  being 
rotated. 

In  the  lateral  and,  though  less  constantly,  in  the  antero- posterior  forms  also,  the 
dislocation  is  associated  with  fractui'e  of  one  or  both  of  the  bones  of  the  leg ;  the 
fibula  yields  in  the  displacements  backwards,  forwards,  and  outwards ;  whilst  the  tibia 
gives  way  in  dislocations  inwards.  Often,  however,  in  dislocations  outwards  the  tip 
of  the  internal  malleolus  is  broken,  and  sometimes,  as  in  Dupuytren's  fracture,  the 
inferior  tibio-peroneal  ligaments  are  ruptured,  as  well  as  the  lower  end  of  the  fibula 
fractured  ;  and,  again,  the  external  malleolus  as  well  as  the  internal  malleolus  is 
sometimes  broken  off  in  dislocations  inwards. 

The  lateral  displacements  are  caused  by  some  violent  and  sudden  twist  of  the  foot ; 
thus  treading  on  the  edge  of  the  kerb  stone,  or  alighting  forcibly  upon  a  lower  level 
than  expected  with  one  edge,  and  not  the  flat  sole,  of  the  foot  first  touching  the  ground, 

1  Hamilton,  Fract.  and  Disluc.  5th  ed.  p.  ioO. 
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are  pregnant  causes  of  these  accidents.  The  a ntero- posterior  luxations  are  produced 
by  the  sudden  arrest  of  the  foot  during  some  violent  impulse  of  the  body,  or  by  some 
great  force  applied  to  the  foot  when  the  leg  is  fixed. 

Dislocations  outward. — In  this  dislocation  the  fibula  is  broken  from  two  to  five 
inches  above  the  malleolus ;  the  astragalus,  in  the  commonest  form  of  the  accident, 
has  its  upper  and  outer  margin  tilted  inwards  beneath  the  articular  surface  of  the 
tibia,  so  that  the  outer  surface  of  the  astragalus  looks  upwards  as  well  as  outwards ; 
the  foot  is  everted  and  its  outer  edge  raised,  whilst  its  inner  rests  on  the  ground  ; 
a  hollow  exists  at  the  seat  of  the  fracture,  and  the  extremity  of  the  tibia  projects  on 
the  inner  side  of  the  joint,  immediately  beneath  the  skin.  This  is  the  accident 
which  goes  by  the  name  of  Pott's  fracture. 

Fig.  197.— The  Foot  in  Pott's  Fracture.  Fig.  198.— The  Bones  in  Pott's  Fractur 

(After  Pott.) 


'  The  support  of  the  body,  and  the  due  and  proper  use  and  execution  of  the  office  of  the 
joint  of  the  ankle,'  observes  Pott,  '  depend  almost  entirely  on  the  perpendicular  bearing;  of  the 
tibia  upon  the  astragalus,  and  on  its  firm  connection  with  the  fibula.  Jf  either  of  these  be 
perverted  or  prevented,  so  that  the  former  bone  is  forced  from  its  just  and  perpendicular 
position  on  the  astragalus,  or  if  it  be  separated  by  violence  from  its  connection  with  the 
latter,  the  joint  of  the  ankle  will  suffer  a  partial  dislocation  internally  ;  which  partial  dislo- 
cation cannot  happen  without  not  only  a  considerable  extension,  or  perhaps  laceration  of  the 
bursal  ligament  of  the  joint,  which  is  lax  and  weak,  but  a  laceration  of  those  strong  tendinous 
ligaments  which  connect  the  lower  end  of  the  tibia  with  the  astragalus  and  os  calcis,  and 
which  constitute  in  great  measure  the  ligamentous  strength  of  the  joint  of  the  ankle.  This 
is  the  case,  when,  by  leaping  or  jumping,  fhe  fibula  breaks  in  the  weak  part  already  men- 
tioned, that  is  within  two  or  three  inches  of  its  lower  extremity.  When  this  happens,  the 
inferior  fractured  end  of  the  fibula  falls  inward  toward  the  tibia,  that  extremity  of  the 
bone  which  forms  the  outer  ankle  is  turned  somewhat  outward  and  upward,  and  the  tibia 
having  lost  its  proper  support,  and  not  being;  of  itself  capable  of  steadily  preserving  its  true 
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perpendicular  bearing:,  is  forced  off  from  the  astragalus  inwards,  by  which  means  the  weak 
bursal  or  common  ligament  of  the  joint  is  violently  stretched,  if  not  torn,  and  the  strong 
ones,  which  fasten  the  tibia  to  the  astragalus  aad  os  calcis,  are  always  lacerated ;  thus  pro- 
ducing at  the  same  time  a  perfect  fracture  and  a  partial  dislocation.' 1 

Besides  the  fracture  of  the  fibula,  which  nearly  always  accompanies  this  disloca- 
tion, the  internal  lateral  ligament  is  sometimes  torn  through,  and  there  may  be  de- 
tached with  it  more  or  less  of  the  internal  malleolus  ;  or  the  lower  end  of  the  tibia 
may  be  broken  very  obliquely,  so  that  only  the  portion  which  is  connected  by  liga- 
ment with  the  fibula  remains  attached  to  that  bone.    When  the  dislocation  is  in  a 
horizontal  direction  and  unaccompanied  by  rotation  of  the  foot,  the  inner  portion  of 
the  trochlear  surface  of  the  astragalus  is  beneath  the  outer  part  of  the  tibial  mortise. 
This  may  happen  without  fracture  of  the  fibula,  in  which  case  the  inferior  tibio- 
fibular ligaments  must  be  lacerated.    There  is  a  remarkable  if  not  unique  case, 
related  by  Boyer,  in  which  the  dislocation  was  unaccompanied  by  a  fracture  of  the 
Fig  199    D       t  n's  ^ula  >         *n  ^eu  °^  this,  the  entire  fibula  was  forced  up- 
Fracture     (Copied  war^s>  an<^  its  head  dislocated  from  the  articular  facet  of 
from  Sir  A.  Cooper's  the  tibia.2     There  is  in  the  Middlesex  Hospital  Museum  a 
specimen    in     St.  cast  of  the  ankle  and  inside  of  the  right  foot  of  a  case  quite 
Thomas  s  Museum.)  as  im[que  though  of  a  different  character  from  Boyer's ;  it  shows 
well  that  there  was  dislocation  with  fracture  of  the  fibula  and 
complete  twisting  of  the  foot  in  a  horizontal  plane  to  a  right 
angle  outwards. 

Dupuytren's  fracture  of  the  fibula  is  also  a  very  rare  acci- 
dent ;  so  rare,  indeed,  that  he  only  met  with  it  once  in 
200  fractures  of  the  fibula.  It  involves  not  only  fracture  of 
the  fibula,  but  also  laceration  of  the  strong  tibio-fibular  liga- 
ment; or  else  a  slip  of  the  tibia  is  torn  off  with  the  ligament 
and  thus  remains  connected  with  the  lower  fragment  of  the 
fibula  :  in  addition,  the  foot  is  displaced  nearly  horizontally 
outwards  and  then  upwards,  carrying  with  it  the  external 
malleolus ;  and  the  tibia  may  be  forced  through  the  skin  on 
the  inner  side  of  the  ankle.  The  extent  to  which  the  foot  will 
he  drawn  upwards  depends  on  the  height  at  which  the  fibula 
breaks,  which  may  be  two  or  three  inches  above  the  tip  of  the 
malleolus,  or  not  much  above  the  base  of  the  malleolus.  Some- 
times the  tip  of  the  inner  malleolus  remains  attached  to  the 
side  of  the  astragalus  by  ligament.  Dupuytren  thought  the 
upward  displacement  of  the  foot  was  due  to  separation  of  the 
fibula  from  the  tibia,  but  his  own  and  other  preparations  seem 
to  prove  that  the  upper  part  of  the  fibula  keeps  its  position 
to  the  tibia.  Mr.  W.  Thomson,  of  Dublin,  has  reported  a  very 
interesting  case  of  this  sort  in  the  '  British  Medical  Journal '  (June  9,  1880.) 

Dislocation  inwards. — Simple  dislocation  of  the  foot  inwards  is  a  rare  and  rather 
severe  accident,  greater  force  being  required  to  produce  it  than  the  dislocation  out- 
wards ;  hence,  in  addition  to  the  tibia  being  generally  obliquely  fractured  through 
the  malleolus,  and  separated  from  the  shaft,  there  may  also  be  a  fracture  of  the 
astragalus,  and  of  the  outer  malleolus.  If  there  be  no  fracture  of  the  latter,  the  ex- 
ternal lateral  ligament  will  be  torn  through ;  but  the  deltoid  ligament  remains  un- 
affected by  the  displacement.  Either  the  astragalus  may  have  its  inner  surface 'tilted 
upwards,  or  the  whole  foot  may  slide  inwards  from  beneath  the  tibio-fibular  arch, 
without  in  either  case  the  ligaments  of  the  inferior  tibio-fibular  articulation  being 
interfered  with.  The  symptoms  of  this  injury  are,  inversion  of  the  foot,  a  great  pro- 
minence of  the  outer  ankle,  which  almost  touelies  the  ground,  and  a  depression  on 
the  opposite  side  of  the  ankle. 

The  reduction  of  these  dislocations  may  be  accomplished  by  extension  made  from 

1  Pott's  Works,  by  James  Earle,  1790,  vol.  i.  p.  409. 

2  Boyer,  Maladies  chirury.  tome  iii.  p.  88:3. 
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the  foot,  while  counter-extension  is  made  by  an  assistant  grasping  the  limb  near  the 
knee,  the  leg  and  thigh  being  previously  flexed,  so  as  to  reduce  to  a  minimum  the 
resistance  of  the  muscles.  Pressure  at  the  same  time  should  be  made  on  the  pro- 
jecting bone,  and  it  is  often  serviceable  to  give  the  foot  a  gentle  rocking  motion. 
The  division  of  the  tendo  Achillis  sometimes  renders  reduction  easy  in  cases  of  dis- 
location of  the  foot  which  are  otherwise  quite  irreducible.1  Two  side  splints, 
with  foot-pieces  made  of  wood,  leather,  or  gutta-percha,  or  the  starch-bandage 
strengthened  with  millboard,  must  be  applied  and  kept  on  for  six  weeks,  the  patient 
being  allowed  to  go  about  upon  crutches.  Dupuytren's  splint  is  often  used,  and  is 
good  when  properly  applied. 

Dislocation  backwards. — Dislocation  of  the  foot  backwards  may  arise  from  jumping 
off  a  carriage  in  motion,  or  from  a  fall  backwards  whilst  the  foot  is  confined  •  from 
either  cause,  the  capsular  and  part  of  the  deltoid  ligaments  may  be  ruptured,  the 
fibula  broken  above  the  malleolus,  and  the  tibia  forced  from  the  astragalus  on  to  the 
navicular  and  cuneiform  bones.  The  symptoms  of  this  accident  are,  shortening  of 
the  foot  and  lengthening  of  the  heel,  with  a  depression  above  the  latter.  The  toes 
are  pointed  downwards,  and  the  extremity  of  the  tibia  forms  a  projection  in  front  of 
the  ankle.  Reduction  may  be  accomplished  in  the  same  manner  as  in  the  lateral 
dislocations ;  the  back  and  side  splints,  or  a  plaster  of  Paris  apparatus,  is  the  best 
mode  of  treatment. 

Dislocation  forwards. — Dislocation  of  the  foot  forwards  is  so  rare  that  Sir  A. 
Cooper  never  saw  a  case,  and  but  few  such  are  on  record.  Malgaigne  has  collected 
five.  One  of  the  best- described  cases  is  that  recorded  by  Dr.  R.  W.  Smith,  of 
Dublin.2 

The  subject  of  the  accident  was  a  sailor,  who,  while  assisting  to  raise  a  very  heavy  cask 
on  board  ship,  having-  at  the  same  time  one  leg  much  flexed  on  the  foot,  and  the  thigh  on  the 
leg,  was  struck  by  the  falling  of  the  cask  just  above  the  knee,  forcing  the  distal  end  of  the 
tibia  backwards  from  off  the  astragalus  on  to  the  upper  and  posterior  surface  of  the  calcaneum. 
The  symptoms  of  this  accident  were,  a  lengthening  of  the  dorsum  of  the  foot  to  the  extent  of 
one  inch,  and  a  shortening  of  the  leg  to  the  extent  of  half  an  inch,  the  two  malleoli  being 
that  much  nearer  the  ground.  The  projection  of  the  heel  had  disappeared,  and  the  tibia 
formed  a  remarkable  projection  in  front  and  to  the  inner  side  of  the  tendo  Achillis.  The 
fibula  was  uninjured  ;  but  the  extremity  of  the  inner  malleolus  had  been  fractured. 

The  only  accident  with  which  this  could  be  confounded  is  a  fracture  of  the  tibia 
immediately  above  the  ankle-joint ;  but  the  situation  of  the  malleoli  would  be  decisive 
as  to  the  nature  of  the  injury.  In  the  few  cases  of  this  accident  which  have  been 
published,  reduction  was  not  effected,  and  the  patients  remained  very,  lame ;  but 
there  seems  to  be  no  reason  why  cases  of  this  description,  if  seen  early  and  properly 
recognised,  should  not  be  reduced  by  the  same  means  as  the  lateral  dislocations,  and 
treated  in  all  respects  similarly.  Mr.  Poland  has  reported  a  case  of  simple,  partial 
dislocation  of  the  foot  forwar  ds  in  which  the  posterior  part  of  the  astragalus  was 
caught  in  the  anterior  part  of  the  tibia  and  fibula  and  wedged  in  tightly,  the  foot 
being  much  extended,  and  the  tendo  Achillis  very  tense,  and  seeming  to  assist  im- 
paction. '  All  attempts  at  forcible  reduction,  even  under  chloroform,  were  unsuccess- 
ful. Division  of  the  tendo  Achillis  was  performed,  when  the  bones  loosened  and 
readily  admitted  of  replacement.' 3 

Dislocation  upwards. — What  Nelaton  describes  as  a  '  luxation  of  the  foot  up- 
wards '  has  been  established  as  a  recognised  form  of  dislocation  by  Sir  W.  Fergusson,4 
Mr.  Bryant  5  and  others.  In  Mr.  Bryant's  case,  both  feet  of  a  man,  set.  55,  were 
similarly  injured.  In  this  dislocation  the  tibia  and  fibula  are  separated  at  their 
lower  ends,  and  the  astragalus  is  forced  up  between  them  ;  the  malleoli  of  course 
being  widely  apart,  and  the  tips  of  these  processes  much  nearer  to  the  sole  of  the  foot 
than  normal.  The  skin  over  one  or  both  malleoli  is  greatly  stretched  ;  and  the  out- 
line of  the  anterior  margin  of  the  inferior  articular  facet  of  the  tibia  becomes  very 

1  Vide  Gwifs  Hosp.  Septs,  vol.  i.  ser.  3.  pp.  271  et  seq.   Cases  3  and  4. 

2  Dublin  Quart.  Journ.  Med.  Set.  May  1852. 

3  Guy's  Hosp.  Repts.  vol.  i.  3rd  ser.  p.  277. 

4  Fergusson,  Practical  Surgery,  5tb  ed.  p.  318. 

6  Bryant,  Pract.  of  Surg.  3rd  ed.  vol.  ii.  p.  365. 
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pronounced  :  whilst  the  astragalus  can  with  difficulty,  if  at  all,  be  made  out.  I  saw 
and  reported  a  case  of  the  kind  under  Mr.  De  Morgan's  care 1  in  which  the  symptoms 
were  well  marked,  the  foot  being  dislocated  backwards  as  well  as  upwards.  The 
accident  usually  results  from  a  fall  upon  the  soles  of  the  feet,  or  from  a  force  applied 
directly  to  the  ankle  as  in  a  scuffle  when  some  one  falls  or  tramples  on  the  part. 
Reduction  may  be  effected  under  chloroform  by  forcible  extension,  or  as  in  Mr.  De 
Morgan's  case  by  '  firmly  pulling  on  the  foot  and  at  the  same  time  pushing  it  up 
against  the  left  hand  which  acted  as  a  fulcrum  on  the  dorsum.  It  slipped  in  with  a 
jerk.'  On  the  other  hand  all  efforts  to  restore  the  foot  to  its  proper  place  may  be 
futile.  In  the  cases  which  have  been  reduced  there  was  no  tendency  for  the  foot  to 
slip  upwards  again.  The  treatment  consists  in  the  application  of  a  splint  without  a 
foot-piece,  and  subsequently  a  plaster  of  Paris  bandage  for  two  or  three  weeks. 

Compound  dislocations  of  the  foot  at  the  ankle-joint  take  place  in  the  same  direc- 
tions as  the  simple  dislocations,  and  are  accompanied  by  similar  injury  to  the  liga- 
ments and  bones  of  the  joint.  There  is,  however,  superadded  the  wound  in  the 
integuments  communicating  with  the  joint,  and  there  may  be  also  laceration  of  the 
blood-vessels  and  tendons,  and  extensive  comminution  of  all  the  bones  of  the  joint, 
and  even  of  the  os  calcis.  Compound  dislocation  inwards  may  occur  without  fractui'e 
of  either  malleolus  or  rupture  of  any  of  the  tendons.2 

It  would  be  impossible  to  lay  down  rules  suitable  for  the  treatment  of  every  case  ; 
each  must  be  studied  separately,  and  dealt  with  according  to  its  special  circumstances. 
If  arteries  are  wounded  and  bleeding,  they  must  be  tied  ;  if  bones  are  comminuted, 
the  pieces  must  be  removed  :  resection  may  be  required  in  some  cases,  and  amputa- 
tion in  others.  As  a.  general  rule,  amputation  is  improper,  and,  except  under  the 
circumstances  to  be  presently  mentioned,  the  preservation  of  the  limb  ought  always 
to  be  attempted.  Our  first  object,  therefore,  should  be  to  reduce  the  dislocation,  by 
bending  the  leg  on  the  thigh,  and  making  extension  and  counter-extension  from 
the  foot  and  thigh.  Reduction  having  been  effected,  and  the  wound  cleansed  from 
dirt  and  other  foreign  bodies,  the  limb  must  be  placed  on  a  well-padded  splint  with 
a  foot-piece,  in  such  a  position  as  admits  of  the  easy  application  of  dressings  to  the 
wound  without  disturbing  the  joint ;  then  a  piece  of  lint  soaked  in  compound  tinc- 
ture of  benzoin  or  in  terebene  and  oil,  or  carbolised  oil,  should  be  laid  on  the  wound. 
Should  the  case  proceed  favourably,  little  or  no  other  treatment  will  be  necessary, 
unless  it  be  the  occasional  administration  of  opiates  to  allay  irritation  and  relieve 
pain.  Some  months,  however,  must  elapse  before  the  patient  will  be  able  to  bear 
upon  the  limb  ;  and  however  complete  the  recovery,  the  movements  of  the  joint  are 
not  always  restored.  It  was  mentioned  just  now  that,  as  a  general  rule,  amputation 
should  not  be  had  recourse  to  in  these  accidents ;  nevertheless,  there  are  circum- 
stances which  justify,  and  even  demand,  this  operation.  Thus,  primary  amputation 
may  be  advisable  on  account  of  the  advanced  age  of  the  patient,  or  the  extensive 
laceration  and  contusion  of  the  soft  parts,  especially  if  complicated  with  wounds  of 
the  blood-vessels  or  with  extensive  shattering  of  the  bones.  Amputation  may  like- 
wise be  necessary  some  time  after  the  accident,  when  the  attempt  to  save  the  limb 
has  failed,  either  through  diffuse  inflammation,  or  sloughing  of  the  soft  parts  of  the 
foot  and  leg,  or  consecutive  haemorrhage ;  or  it  may  be  required  on  account  of 
severe  constitutional  disturbance  threatening  the  life  of  the  patient. 

Snb-astragaloid  Dislocations  of  the  Foot. 

These  are  dislocations  of  the  foot  at  the  calcaneo-  and  scapho-astragaloid  joints. 
They  have  often,  but  incorrectly,  been  spoken  of  as  dislocations  of  the  astragalus ; 
no  distinction  being  made  in  nomenclature  between  them  and  those  dislocations  in 
which  the  astragalus  is  separated  from  the  tibia  and  fibula  as  well  as  from  the  tar- 
sus, and  to  which  alone  the  name  of  dislocation  of  the  astragalus  is  applicable. 

In  dislocations  of  the  ankle-joint  the  astragalus  maintains  its  normal  relations 
with  the  tarsus,  and  is  altered  only  as  regards  its  position  to  the  bones  of  the  leg. 

1  Med.  Times  and  Gaz.  May  24,  1873,  p.  549. 

2  Pror.  Med.  and  Sura.  Journ.  1843,  p.  49. 
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In  tlie  sub-astragaloid  form  the  astragalus  maintains  its  relations  with  the  tibia 
and  fibula,  whilst  the  rest  of  the  foot  is  partially  or  completely  disarticulated  from  it. 
Sometimes,  however,  the  neck  of  the  astragalus  may  he  fractured,  and  the  head  of 
the  bone  left  undisturbed  in  its  proper  relation  to  the  scaphoid. 

Sub-astragaloid  dislocations  are  not  so  uncommon  as  is  sometimes  supposed,  and 
there  is  good  reason  for  thinking,  to  judge  from  the  descriptions  given,  that  many 
such  cases  have  been  called  by  other  names.  Instances  are  to  be  found  in  Sir  A. 
Cooper's  work,  and  others  have  been  recorded  by  M.  Chassaignac  and  Baron  Boyer, 
of  sub-astragaloid  luxations  described  as  luxations  of  the  astragalus  proper.1 

In  1837  (that  is  six  years  before  Mr.  Turner's  monograph  on  the  '  Dislocations 
of  the  Astragalus '  alone,  and  twenty-one  years  before  Mr.  Pollock's  paper  on  '  Sub- 
astragaloid  Dislocations  of  the  Foot '  appeared),  Mr.  Arnott  communicated  to  the 
'  London  Medical  Gazette '  2  the  report  of  a  case  of  compound  dislocation  of  the  foot 
outwards  and  backwards  beneath  the  astragalus  in  which  the  bone  was  removed  piece- 
meal by  means  of  a  chisel  and  mallet,  great  difficulty  being  found  in  separating  the 
astragalus  from  the  tibio  fibular  mortise.  The  case  was  treated  by  Mr.  Alexander 
Shaw  in  Mr.  Arnott's  absence,  and  it  is  quite  clear  that  both  these  surgeons  recog- 
nised the  sub-astragaloid  as  a  distinct  and  special  kind  of  luxation. 

The  principal  varieties  of  sub-astragaloid  dislocations  are  usually  described  as  two 
lateral,  and  backward,  and  forward ;  but  I  think  this  division  a  little  too  precise. 
In  nearly  all  the  recorded  cases,  and  in  most  of  the  specimens  to  be  seen  in  English 
and  French  museums,  the  lateral  is  combined  with  the  anterio-posterior  displace- 
ment of  the  foot.  The  most  usual  form  is  displacement  of  the  foot  outwards  or 
inwards  and  at  the  same  time  backwards.  In  some  rare  cases  the  lateral  has  been 
associated  with  forward  displacement.  In  the  College  of  Surgeons  Museum  there  is 
a  good  example  of  dislocation  outwards  and  forwards  of  the  foot  ;  the  tibia  and  fibula 
are  both  sound,  and  the  displacement  of  the  foot  from  the  astragalus  is  quite 
complete.  The  external  malleolus  is  on  the  inner  side  of  the  os  calcis,  and  behind 
its  faceted  surface  :  the  foot  is  clearly  displaced  forwards  as  well  as  outwards,  as  is 
shown  by  the  interval  between  the  navicular  fossa  of  the  scaphoid  and  the  head  of 
the  astragalus,  and  some  short  bars  of  ossific  deposit  are  seen  to  connect  the  two 
surfaces. 

Then,  again,  most  of  these  dislocations  are  incomplete,  the  astragalus  not  being 
altogether  shifted  from  off  the  upper  surface  of  the  os  calcis.  Thus  in  several  cases 
it  is  to  be  noticed  that  the  under  surface  of  the  neck  of  the  astragalus  is  resting  upon 
some  part  of  the  superior  and  posterior  edge  of  the  scaphoid,  whilst  the  posterior 
inferior  edge  of  the  astragalus  is  sunk  in  the  groove  between  the  superior  articular 
facets  of  the  os  calcis.  Unless  the  neck  of  the  astragalus  is  fractured,  the  displace- 
ment of  the  head  of  the  bone  from  the  scaphoid  fossa  is  usually  complete.  It  was  a 
matter  of  dispute  wdiether  the  scaphoid,  with  the  rest  of  the  foot,  can  be  luxated 
from  the  head  of  the  astragalus,  the  body  of  this  bone  retaining  its  connections  with 
the  os  calcis  through  the  unruptured  interosseous  ligament ;  or,  to  make  use  of  the 
phraseology  generally  employed,  whether  the  head  of  the  astragalus  can  be  luxated 
without  its  body  undergoing  displacement.  Till  the  publication  of  M.  Broca's 
memoir,3  this  form  of  injury  was  generally  believed  in ;  but  that  acute  surgeon, 
arguing  from  the  anatomical  relations  of  the  bones  of  the  tarsus,  especially  those  of 
the  os  calcis  and  cuboid,  questions  the  possibility  of  its  occurrence,  and  proves  in- 
contestably  that  some  of  the  recorded  examples  were  really  luxations  of  the  whole 
foot  at  the  calcaneo-astragaloid  joint,  with  rupture  of  the  interosseous  ligament, 
while  others  he  considers  had  their  origin  in  errors  of  diagnosis.  Without  doubting 
the  frequency  of  diagnostic  errors,  most  surgeons  will  probably  be  more  disposed  to 
admit  with  Malgaigne  as  '  tres-possibles  les  subluxations  sur  le  scaphoide  signalees 
par  Boyer  et  Richerand,  et  meme  les  luxations  completes  de  la  tete  de  l'astragale 
avec  un  deplacement  a  peine  sensible  du  corps  de  l'os  sur  le  calcaneum.' 4  Indeed, 


1  Vide  MacCormac's  paper  in  St.  Thomas's  Hosp.  Repfs.  vol.  iii.  N.S. 

2  Vol.  xv.  p.  588.  3  Mem.  de  la  Soc.  de  Chir.  tome  iii.  p.  566. 
4  Op.  cit.  tome  ii.  p.  1,031. 
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the  possibility  of  such  an  injury  must  now  be  considered  as  placed  beyond  a  doubt 
by  a  case  published  by  Arnott 1  in  which  the  head  of  the  astragalus  was  on  the 
cuboid,  as  well  as  by  another  recorded  by  Pollock  2  in  both  of  which  the  interosseous 
ligament  was  found  to  be  unruptured. 

The  chief  lesions  which  are  found  in  the  simple  dislocations  are  rupture,  partial 
or  complete,  of  the  interosseous  ligament  between  the  os  calcis  and  astragalus,  and 
of  the  synovial  capsules  between  these  bones.  The  scapho-astragaloid  ligament  is 
also  torn  through,  together  with  the  lateral  ligaments  of  the  ankle-joint,  sometimes 
on  both  sides,  but  more  frequently  on  the  one  which  is  opposed  to  the  direction 
of  the  displacement.  Partial  fractures  of  the  astragalus  and  os  calcis,  or  of  one  or 
other  malleolus  ;  injury  or  rupture  of  some  of  the  tendons,  blood-vessels,  or  nerves, 
are  occasionally  met  with  even  when  the  injury  is  not  compound. 

In  the  dislocation  of  the  foot  backwards  the  head  of  the  astragalus  rests  upon  the 
instep,  where  it  forms  a  tumour,  projecting  almost  through  the  skin.  The  foot  is 
somewhat  extended  upon  and  shortened  in  front  of  the  leg,  but  elongated  behind. 
Slight  flexion  and  extension  can  be  made,  though  attended  with  pain. 

Perhaps  the  best  example  of  this  variety  of  dislocation  is  that  published  by  Macdonnel, 
of  which  the  following  is  an  abstract:  On  August  (i,  1838,  Mr.  Carmichael  was  riding  at  a 
brisk  trot,  when  his  horse  suddenly  fell.  To  prevent  being'  pitched  forwards,  he  threw  him- 
self back  in  the  saddle,  and  strongly  extended  his  legs  to  meet  the  ground.  The  shock  of  his 
descent  was  accordingly  received  upon  the  anterior  extremities  of  the  metatarsal  bones,  espe- 
cially the  metatarsal  bone  of  the  great  toe  of  the  right  foot,  which  alone  came  to  the  ground. 
The  following  were  the  symptoms:  'The  toes  were  turned  outwards,  the  inner  edge  of  the 
foot  forming  an  angle  of  about  303  with  its  natural  direction  ;  the  sole  was  slightly  turned 
outwards,  and  the  outer  edge  slightly  elevated.  The  concavity  of  the  tendo  Achillis  pos- 
teriorly was  manifestly  increased,  and  the  heel  lengthened.  On  grasping  the  soft  parts 
between  the  tendo  Achillis  aud  tibia,  we  found  the  distance  between  these  parts  much 
greater  than  in  the  other  foot.  The  absence  of  the  hard  projection,  which  would  have  been 
formed  by  the  upper  articulating  surface  of  the  astragalus,  had  it  passed  backwards  with  the 
other  tarsal  bones,  was  evident.  The  malleoli  were  perfectly  defined.  Below  and  before  the 
inner  there  was  a  hard  prominence,  over  which  the  skin  was  tense,  formed  by  the  inner  sur- 
face of  the  astragalus  brought  into  relief  by  the  dislocation,  and  the  slight  eversion  of  the 
sole  of  the  foot.  Much  the  most  striking  part  of  the  deformity  consisted  in  a  prominence  on 
the  dorsum  of  the  foot.  Immediately  in  front  of  the  tibia  it  presented  a  flat  surface  broad 
enough  to  receive  the  finger,  and  from  which  there  was  an  abrupt  descent  upon  the  anterior 
part  of  the  tarsus.  Over  this  projection,  caused  by  the  head  of  the  astragalus,  the  integu- 
ments were  so  tense  that  it  was  evident  a  very  small  additional  force  would  have  driven  it 
through  the  skin.  Lastly,  on  taking  the  distance  from  the  point  of  the  internal  malleolus  to 
the  extremity  of  the  great  toe  with  a  tape-measure,  I  found  it  to  be  exactly  an  inch  less  than 
the  distance  between  the  same  points  in  the  left  foot.  We  could  detect  no  fracture.  The 
foot  could  be  flexed  and  extended,  but  it  occasioned  great  pain.'  3 

Reduction  was  attempted  by  making  extension  from  the  foot,  and  counter-extension  from 
the  knee,  previously  bent  to  the  utmost;  at  the  same  time  the  heel  was  pressed  forwards, 
and  the  astragalus  and  tibia  backwards,  the  toes  drawn  inwards,  and  the  outer  edge  of  the 
foot  depressed.  These  means  failing,  pulleys  were  applied,  and  the  manipulation  continued, 
aud  in  about  ten  minutes,  the  pain  having  become  unendurable,  Mr.  Carmichael  made  a 
violent  effort,  the  pulleys  were  relaxed,  and  the  reduction  was  effected  at  the  same  moment 
without  noise. 

Dislocation  of  the  foot  forwards  is  exceedingly  rare.  Malgaigne  could  find  but 
one  example,  which  is  recorded  by  M.  Parise.4 

It  happened  to  a  quarryman  who,  while  at  work,  with  his  left  foot  resting  on  a  block  of 
stone,  and  his  right  on  the  ground,  was  thrown  forcibly  forwards  by  the  falling  of  a  mass  of 
stone  ;  the  thigh  being  at  the  time  strongly  flexed  on  the  trunk,  the  leg  on  the  thigh,  and 
the  foot  on  the  leg.  The  following  were  the  symptoms :  the  foot  was  flexed  on  the  leg ;  the 
projection  of  the  heel  had  disappeared  ;  .and  the  extremities  of  the  bones  of  the  leg,  with  the 
astragalus,  were  directed  to  the  posterior  part  of  the  calcaneum.  As  no  crepitus  could  be 
elicited,  the  accident  was  presumed  to  be  a  dislocation  ;  but  the  swelling  and  pain  were  so 
great,  that  a  complete  examination  could  not  be  made,  and  reduction  was  not  attempted. 
Nine  months  afterwards  the  condition  of  the  limb  was  as  follows :  the  foot  was  flexed  at  a 
right  angle  with  the  leg,  its  point  inclined  inwards,  and  its  inner  border  slightly  depressed ; 
it  was  elongated  in  front  of  the  bones  of  the  leg,  and  the  projection  of  the  heel  was  completely 
effaced.    At  the  level  of  and  a  little  below  the  malleoli,  posteriorly,  was  a  bony  projection, 


J  Med.-Cliir.  Tram.  vol.  xlii.  p.  39,  1853.         2  Path.  Soc.  Trans,  vol.  ii.  p.  109,  1849. 
3  Dublin  Journal,  1339,  vol.  xiv.  p.  235.  4  Annales  de  la  Chirurgie,  1845,  tome  xiv. 
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Fig.  203. — Dislocation  of  the  Foot  at  the  Oalcaneo- 
and  Scapho-astragaloid  Joints.  The  tendo  Achillis 
is  seen  to  have  been  divided,  by  which  means  the 
dislocation  was  reduced  during  life.  After  death 
the  tarsus  was  put  into  the  inverted  position  which 
it  occupied  at  the  time  of  the  accident.  (From  the 
Museum  of  St,  George's  Hospital.  Pollock's  case. ) 


which  pushed  backwards  the  tendo  Achillis  beyond  the  heel.  Above  this  projection  was 
another  less  marked,  formed  by  the  posterior  and  inferior  margin  of  the  tibia  ;  the  malleoli 
were  not  separated  from  each  other,  nor  did  they  present  any  traces  of  fracture.  The  ex- 
tensor tendons  of  the  toes  were  stretched  over  the  instep,  and  beneath  these  on  the  outer  side 
was  a  projection,  which  appeared  to  be  the  head  of  the  astragalus,  and  immediately  in  front 
of  this  a  depression.    Flexion  and  extension  of  the  ankle-joint  existed  to  a  limited  extent. 

Dislocation  of  the  foot  sideways. — The  lateral  dislocations  of  the  foot  at  the 
calcaneo-astragaloid  joint  are  frequently  compound,  and  generally  incomplete  ;  that 
is,  the  astragalus  still  rests  on  a  portion  of  the  os  calcis,  and  is  not  placed  at  its  side 
as  in  the  complete  dislocations.  These  dislocations  are  produced  by  forcible  twists 
of  the  foot,  and  the  foot  retains  very  nearly  the  position  into  which  it  is  cast  by  the 
accident ;  but  in  some  cases  it  has  been  forced  from  under  the  astragalus  without 
any  deviation  of  its  borders  or 
surfaces,  as  happened  in  a  case 
reported  by  Mr.  Hancock,1  in 
which  the  foot  was  thrown  out- 
wards ;  in  a  case  of  Sir  James 
Paget's,  in  which  it  was  thrown 
inwards;  and  in  another  reported 
by  M.  Petit,2  the  dried  specimen 
of  which  is  to  be  seen  in  the 
Musee  Dupuytren,  in  which  the 
foot  was  thrown  outwards  and 
backwards.  The  symptoms  of  a 
luxation  outwards  are,  abduction 
of  the  foot,  its  outer  border  being 
raised,  and  its  inner  resting  on 
the  ground.  The  outer  malleolus 
is  buried  in  the  fossa  caused  by 
the  eversion  of  the  foot,  and  the 
inner  malleolus  and  the  head  of 
the  astragalus  project  unnaturally 
inwards  :  the  more  complete  the 
dislocation  the  greater  will  be  the 
projection.  In  addition  to  these 
symptoms,  there  will  be  a  shorten- 
ing of  the  limb,  the  extremity  of 
the  inner  malleolus  being  nearer 
to  the  sole  of  the  foot.  In  thir- 
teen examples  of  this  injury  col- 
lected by  Broca,  nine  were  com- 
pound, and  in  six  the  fibula  was 
broken.  In  Mr.  Pick's3  case  the 
fibula  was  also  broken. 

In  the  dislocation  inwards, 
the  foot  is  inverted  and  its  inner  border  raised,  resembling  the  varus  form  of  club- 
foot. The  head  of  the  astragalus  and  the  outer  malleolus  project  beyond  the  outer 
border  of  the  foot,  and  a  deep  depression  exists  below.  On  the  inner  side  of  the 
foot  an  elongated  projection,  formed  by  the  inner  border  of  the  calcaneum,  completely 
masks  the  inner  malleolus,  which  is  buried  in  a  deep  sulcus  produced  by  the  displaced 
os  calcis.  The  scaphoid  bone  can  be  felt  nearer  to  the  os  calcis  than  natural,  and  thus 
the  inner  border  of  the  foot  is  shortened  and  somewhat  concave,  while  the  outer  is 
lengthened  and  unnaturally  convex.  The  tibia  and  fibula  are  as  a  rule  unbroken. 
Two  cases  of  this  dislocation  have  been  described  by  M.  Letenneur,4  and  two  by 


the  head  of  the  astragalus  displaced  from  its  connection  with  the 
scaphoid  ;  bt  the  interosseous  calcaneo-astragaloid  ligament  not 
completely  ruptured  ;  c,  the  posterior  articular  surface  of  the 
astragalus,  marked  by  a  slight  Assure. 


1  Lancet,  1844,  vol.  ii.  pp.  35,  70,  and  Med.-Chir.  Trans,  vol.  xlii.  p.  46. 

2  Soc.  Anat.  1872.  3  Clin.  Soc.  Trans,  vol.  xiii. 
4  Rev.  Med.-chir.  1854,  tome  xii.  p.  19. 
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M.  Malgaigne,1  three  by  Sir  W.  MacCormac,2  one  by  Mr.  Pollock,3  one  by  Mr. 
Cock,4  and  there  is  one  specimen  in  the  Musee  Dupuytren. 

Sub-astragaloid  dislocations  associated  with  fracture  of  the  neck  of  the  astragalus 
occur  either  outwards  or  inwards,  .and  may  be  either  compound  or  not.  Mac- 


A        B     C     D  E 


A  and  n,  ruptured  tendons  with  new  attachments ;  c,  inner  malleolus  ancuyloscd  with  astragalus  and 
projecting  downwards  on  side  of  foot ;  D,  line  of  fracture  of  astragalus  ;  t,  head  o.  astrajaluB  in 
normal  relation  to  scaphoid. 


A  and  B.  tendons  nf  perohei  mnscles  raptured  and  having  formed  new  attachments  ;  c,  fibula  anchy- 
loscd  to  Upper  surface  of  os  calcis  ;  d,  lower  end  of  tendon  of  peroneus  lougus. 

Cormac  6  reports  such  a  case  of  dislocation  inwards;  it  was  compound,  attended  with 
inversion,  and  the  head  of  the  astragalus  remained  in  the  scaphoid  fossa.  On  the 
other  hand,  a  case  of  dislocation  of  the  foot  outwards6  occurred  in  my  own  practice 

Malgaighe,  op,  cit,  tome  ii.  p.  1044.  2  St.  ThoTnas't  Hasp.  Repts.  vol.  iii.  N.S. 

3  MedrChir,  Tram.  vol.  xlil.  4  Guy's  Hosp.  Repts.  1855,  3rd  ser.  vol.  i.  p.  281. 

6  MacCormac,  <SY.  Thomas's  Hasp,  Repts,  vol.  iii.  N.S. 
6  Path,  Soc,  Lond,  vol.  xxxii, 
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in  which  there  was  lateral  displacement  without  any  twisting  of  the  foot  outwards ; 
it  was  not  compound,  and  the  head  of  the  astragalus  retained  its  normal  relation  to 
the  scaphoid,  but  all  three  of  the  tendons  passing  round  the  inner  ankle  and  the  two 
peronei  tendons  had  been  ruptured  and  had  formed  new  connections  with  the  bones 
and  tissues  in  their  neighbourhood. 

Diagnosis  of  sub-astragaloid  dislocations  of  the  foot. — There  are  several  injuries 
with  which  dislocations  of  the  foot  at  the  calcaneo-astragaloid  joint  may  be  con- 
founded, the  principal  of  which  are  the  following  : 

1.  Dislocations  at  the  ankle-joint. 

2.  Fractures  of  the  tibia  just  above  the  ankle-joint. 

3.  Fractures  of  the  astragalus  in  a  horizontal  or  oblique  direction. 

4.  Dislocations  of  the  astragalus  f>roperly  so  called. 

The  absence  of  crepitus  or  of  other  evidence  of  fracture  of  the  tibia  or  of  either 
malleolus,  the  existence  of  a  projection  caused  by  the  head  of  the  astragalus,  or  the 
anterior  extremity  of  the  body  if  the  bone  be  broken,  the  persistence  of  the  normal 
relation  of  the  astragalus  to  the  malleoli,  and  of  some,  though  limited,  movement  of 
flexion  and  extension  at  the  ankle-joint,  are  sufficient  to  characterise  with  certainty 
the  sub-astragaloid  dislocations.  Luxations  of  the  astragalus  from  all  its  connectijns 
are  unquestionably  the  accidents  which  have  been  most  frequently  confounded 
with  the  sub-astragaloid  dislocations ;  but  the  shortening  of  the  Dg  produced  by  the 
approximation  of  the  tibia  to  the  os  calcis,  together  with  the  altered  relation  of 
the  astragalus  to  the  malleoli  and  the  loss  of  motion  at  the  ankle-joint,  are  sufficient 
to  distinguish  them. 

Treatment. — What  cannot  fail  to  haA-e  struck  any  one  who  has  looked  over  the 
published  cases  of  this  dislocation,  and  those  of  the  astragalus — with  which  it  has  been 
confounded — is  the  ease  with  which  some  of  them  have  been  reduced,  and  the  extreme 
difficulty,  and  even  impossibility,  of  reduction  in  others.  These  difficulties  are 
owing  to  the  following  circumstances.  1.  The  posterior  edge  of  the  astragalus  may 
become  wedged  in  the  fossa  between  the  articulating  facets  of  the  os  calcis.  This 
has  happened  in  several  instances,  and  has  hitherto  presented  an  insuperable  obstacle 
to  reduction  ;  thus  in  M.  Roux's  case  of  dislocation  outwards,  in  which  amputation  was 
performed,  Nelaton  found  the  head  of  the  astragalus  resting  on  the  inner  surface  of 
the  scaphoid  bone,  while  the  deep  fissure  between  its  two  inferior  articulating  sur- 
faces received  a  portion  of  the  sharp  margin  which  surrounds  the  articulating  cavity 
on  the  posterior  surface  of  the  scaphoid ;  the  posterior  edge  of  the  astragalus  was 
also  engaged  in  the  fossa  which  separates  the  two  superior  facets  of  the  calcaneum.1 
2.  The  head  of  the  astragalus  may  be  drrv  ^n  against  the  tendon  of  the  tibialis  pos- 
ticus muscle,  and  either  rupture  it,  or  escape  above  or  below  it.  In  the  last  case, 
the  neck  of  this  bone  will  be  firmly  constricted  between  the  tendon  and  the  calcaneo- 
scaphoid  ligament ;  and  extension  made  to  reduce  this  foi  m  of  dislocation  will  be 
the  most  effectual  means  of  preventing  it  from  taking  place.  Such  was  the  cause  of 
obstruction  in  Aston  Key's  case  recorded  by  Mr.  Bryant ;  in  M.  Petit's  case  before 
alluded  to ;  and  in  Mr.  Birkett's  and  Mr.  Poland's  cases  quoted  by  Mr.  Pollock 
('  Med.  Chir.  Soc.  Trans.'  vol.  xlii.)  3.  In  the  dislocation  inwards,  the  head  of 
the  astragalus  will  rupture  or  push  before  it  the  extensor  tendons  on  the  dorsum 
of  the  foot,  and  no  obstacle  will  be  presented  by  them  to  the  reduction ;  but  the 
scaphoid  and  anterior  part  of  the  foot  are  drawn  towards  the  heel,  so  that  the  sjjace 
between  the  scaphoid  and  os  calcis,  occupied  normally  by  the  under  and  inner  part 
of  the  head  of  the  astragalus,  is  obliterated  by  the  action  of  the  same  muscles  as  are 
engaged  in  the  production  of  talipes  equino-varus ;  chiefly  the  gastrocnemius  and 
soleus,  and  the  two  tibial  muscles.  The  dislocation  forwards  is  so  rare  that  no  dis- 
sections, I  believe,  have  been  made  to  show  what  were  the  obstacles  to  reduction  ; 
but  looking  at  the  form  of  the  os  calcis,  it  would  seem  highly  probable  that  it  was 
due  to  the  outer  border  of  the  posterior  facet  of  the  calcis  being  engaged  in  the  inter- 
articular  fossa  on  the  under  sur-face  of  the  astragalus.    With  our  present  knowledge, 


1  Bull,  de  la  Soc.  anat.  1835,  tome  x.  p.  38. 
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then,  of  the  chief  circumstances  which  have  hitherto  so  frequently  baffled  the  best 
attempts  to  effect  reduction  of  these  dislocations,  it  would  seem  expedient  in  all 
cases  of  simple  luxation  which  have  not  yielded  to  moderate  extension  and  manipu- 
lation, to  divide  subcutaneously  one  or  more  of  the  tendons  of  those  muscles  which 
offer  the  greatest  resistance  to  our  efforts.  In  all,  reduction  would  probably  be 
facilitated  by  division  of  the  tendo  Achillis,  and  in  the  lateral  displacements  one  or 
both  tibials  may  also  require  division.1  In  the  outward  dislocations  of  the  foot  the 
astragalus  is  likely  to  be  involved  by  the  posterior  tibial  tendon,  which  may  need 
division  as  well  as  the  tendo  Achillis.  In  the  inward  dislocation  of  the  foot,  division 
of  the  tendo  Achillis  alone  will  probably  suffice.  If  these  means  fail,  all  further 
operative  measures  should  be  abandoned  for  the  moment,  and  only  again  had  recourse 
to  if  the  integuments  slough,  and  the  exposed  astragalus  becomes  necrosed,  when  a 
part  or  the  whole  of  this  bone  may  be  removed  with  very  little  risk  to  the  patient. 
In  the  dislocations,  compound  from  the  beginning,  reduction  should  be  attempted,  as 
in  the  simple  forms  ;  but  in  the  event  of  failure,  the  astragalus  should  be  removed 
without  delay.  In  the  cases  in  which  the  neck  of  the  astragalus  is  broken  and  the 
head  is  left  in  its  proper  relation  to  the  scaphoid,  the  body  should  be  removed  if 
necessary,  but  the  head  should  be  left  undisturbed.  If  amputation  become  requisite, 
Syme's  or  Pirogoff's  amputation  of  the  foot,  or  Dupuytren's  sub-astragaloid  operation, 
should  be,  in  my  opinion,  as  a  rule  preferred  to  amputation  of  the  leg  as  advocated  by 
M.  Chaissagnac  in  1860. 

Dislocations  of  the  Astragalus  properly  so  called. 

These  are  the  dislocations  to  which  Boyer  and  Malgaigne  have  applied  the  term 
'  double  dislocations  of  the  astragalus,'  on  account  of  the  separation  of  the  astragalus 
from  both  the  tibia  and  os  calcis ;  but  when  complete  they  might  more  fitly  be 
spoken  of  as  '  quadruple  dislocations.'  It  is  the  only  true  dislocation  of  the  astra- 
galus. According  to  Malgaigne,  these  are  more  common  than  the  sub-astragaloid 
dislocations,  while  Pollock  believes  them  to  be  the  most  rare  of  all  dislocations 
implicating  the  bone.  Unfortunately  we  do  not  at  present  possess  sufficiently  re- 
liable data  on  which  to  determine  their  relative  frequency.  There  are  in  the  Musee 
Dupuytren  six  good  specimens  of  luxation  of  the  astragalus,  and  three  of  sub-astraga- 
loid dislocation.  In  the  Hunterian  Museum  there  are  two  astragali,  each  removed 
for  compound  dislocation,  but  whether  of  the  astragalus  alone  or  of  the  foot  from 
beneath  the  astragalus  is  uncertain ;  there  is  one  specimen  of  the  sub-astragaloid 
displacement.  In  St.  Bartholomew's,  there  are  two  astragali  which  have  been 
removed  for  pure  dislocation  of  that  bone,  and  there  is  one  specimen  of  partial  sub- 
astragaloid  dislocation  with  fracture  of  the  os  calcis.  In  the  Middlesex  Hospital 
Museum  there  are  casts  of  three  cases  of  dislocation  of  the  astragalus — two  outwards 
under  Mr.  Arnott's  care  and  one  inwards  under  Mr.  Shaw's. 

The  astragalus  may  be  displaced  in  the  same  directions  as  it  occupied  in  the 
last-described  luxations — viz.  forwards,  backwards,  and  laterally,  or  in  a  diagonal 
direction  between  any  of  these  ;  to  which  must  be  added  certain  peculiar  and 
rare  displacements  of  the  bone,  in  which  it  becomes  rotated,  to  a  greater  or  less 
extent,  on  one  or  other  of  its  axes.  Thus  it  has  been  found  rotated  from  a 
quarter  to  half  a  revolution  on  its  antero-posterior  or  long  axis,  so  as  to  bring  the 
upper  and  lower  surfaces  of  the  bone  to  look  sideways,  or  even  completely  to  reverse 
their  normal  position ;  it  has  also  been  found  rotated  around  its  transverse  axis  ; 
also  around  its  vertical  axis,  the  head  of  the  bone  looking  inwards,  and  the  outer 
surface  of  its  body  forwards.  A  very  remarkable  case  has  been  related  by  Thierry, 
in  which  the  head  of  the  bone  was  directed  backwards,  and  its  posterior  extremity 
forwards  and  outwards  ;  at  the  same  time  the  astragalus  was  so  rotated  on  its  antero- 
posterior axis  that  the  trochlea  looked  inwards,  and  the  tibia  rested  on  the  inner  side 
of  its  body,  which  was  upwards,  its  inner  edge  fitting  exactly  into  the  angle  formed 

1  See  Pollock,  Med.-Chir.  Trans,  vol.  xlii.  Guys  Hosp.  Repts.  3rd  ser.  vol.  i.  pp.  269 
et  seq. 
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by  the  malleolus  with  the  rest  of  the  mortise.1  In  some  cases  the  bone  has  been 
thrown  completely  out  of  the  foot  and  found  lying  in  the  earth  near  where  the  acci- 
dent happened.  Norris  mentions  such  an  incident ;  a  case  in  which  the  bone  was 
almost  completely  ejected  is  reported  in  the  '  Provincial  Medical  Journal '  for 
September  2,  1843,  and  others  similar  are  on  record. 

The  mechanism  of  dislocations  of  the  astragalus  was  made  the  subject  of  experi- 
ment by  Dupuytren  and  Rognetta.  The  condition  thought  to  be  requisite  to  the 
occurrence  of  these  accidents  is  that  the  foot  shall  be  forcibly  extended  on  the  leg. 
In  this  position,  the  tibia  bearing  on  the  posterior  part  of  the  astragalus  causes  the 
bead  of  that  bone  to  be  more  prominent  on  the  dorsum  of  the  foot,  and  the  astra- 
galus thus  has  a  tendency  to  escape  upwards  from  the  scaphoid  bone.  Once 
dislocated  upwards  and  forwards,  it  assumes  a  lateral  position  secondarily. 
Rognetta 2  maintains  that  the  astragalus  must  always  be  luxated  forwards  before 
it  can  be  displaced  laterally,  but  his  explanation  of  the  mechanism  of  dislocation 
does  not  account  for  the  posterior  luxation  nor  for  the  rotation  of  the  bone  about  its 
antero-posterior  axis. 

Dislocation  of  the  astragalus  forwards. — The  forward  luxations  are,  according  to 
Turner,  the  most  frequent,  there  being  1 1  out  of  45  collected  by  him.  Oblique  dis- 
locations forwards  and  outwards  stand  next  on  the  list,  being  10  out  of  45.  The 
forward  and  inward  were  less  numerous  than  the  lateral  or  backward,  being  only  4. 
Some  of  the  forward,  and  forward  and  outward  displacements  were  partial,  but  most 
of  them  were  complete,  and  most  of  them  simple,  though  several  were  compound. 
In  this  form  of  displacement  the  astragalus  is  thrown  either  directly  forwards,  or, 
what  is  more  common,  with  an  inclination  of  its  head  to  the  inner  or  outer  side. 
The  symptoms  do  not  differ  as  regards  the  position  of  the  astragalus  with  reference 
to  the  other  bones  of  the  foot  from  those  which  characterise  the  dislocations  described 
in  the  last  section  ;  but  the  relation  of  the  displaced  bone  to  the  bones  of  the  leg  offers 
an  important  point  of  difference  by  which  they  may  be  distinguished.  Thus,  the 
astragalus  being  thrown  forwards  from  underneath  the  tibia,  forms  a  projection  in 
front  of  it ;  while  the  tibia,  now  resting  on  the  os  calcis,  appears  sunk  into  the  dorsum 
of  the  foot,  and  the  movements  of  the  ankle-joint  are  of  course  annihilated.  In  some 
of  these  dislocations  forwards,  the  head  of  the  astragalus  has  been  thrown  so  much 
inwards  and  downwards  as  to  bring  the  long  axis  of  the  bone  into  a  line  with  that  of 
the  tibia,  and  so  to  appear  as  if  it  were  a  continuation  of  that  bone.  The  jwsition  of 
the  foot  is  always  found  to  vary  with  that  of  the  astragalus,  being  more  or  less  everted 
when  the  astragalus  is  displaced  inwards,  and  inverted  when  the  astragalus  is  inclined 
outwards. 

Dislocation  of  the  astragalus  backwards  is  a  somewhat  rare  accident.  The  symp- 
toms are  a  hard  prominence  between  the  tendo  Achillis  and  one  or  other  or  both 
malleoli ;  approximation  of  the  malleoli  to  the  sole  of  the  foot ;  loss  of  the  ordinary 
movements  of  the  ankle,  with  probably  neither  eversion  nor  inversion,  lengthening 
nor  shortening,  of  the  tarsus.  Two  excellent  examples  of  it  have  been  published  by 
Mr.  Benjamin  Phillips  in  the  '  Medical  Gazette'  of  1834,  vol.  xiv.,  one  of  which  is 
here  transcribed. 

'  Mr.  G.  was  driving  out  in  a  phaeton,  when  the  horse  became  unmanageable,  aud  the 
reins  broke.  Mr.  G.  threw  himself  from  the  carriage,  with  the  intention  of  stopping  the 
horse  ;  he  alighted  upon  his  feet,  hut  immediately  fell  forward  to  the  ground.  The  kind  of 
injury  which  had  occurred  was  immediately  apparent  by  the  remarkable  projection  which  was 
presented  just  above  the  heel.  The  tendo  Achillis  was  pressed  out  by  the  displaced  astra- 
galus, so  as  to  form  an  angle  of  40°,  and  at  one  point  the  bone  had  reached  so  near  to  the 
surface  that  vesication  was  produced  directly  over  it.  The  anterior  part  of  the  foot  appeared 
shortened,  and  a  projection  was  presented  anteriorly  by  the  inferior  extremity  of  the  tibia. 
There  was  very  little  ecchymosis,  and  it  was  not  at  all  evident  upon  what  portion  of  the  foot 
he  had  rested  on  coming  to  the  ground.    It  appeared  probable  that  the  foot  was  suddenly 

1  Examples  of  these  forms  of  injury  have  been  recorded  by  Laumonier  (Journal  de  Four- 
croy,  1791,  tome  ii.  p.  40) ;  Foucher  (Revue  med.-chir.  1845,  tome  xvii.  p.  203) ;  Dupuytren 
(Annuaire  med.-chir.  des  Hopitaux  de  Paris,  1819,  p.  28)  ;  Turner  (Transact.  Proviyi.  Med. 
and  Surg.  Assoc.  vol.  ix.  p.  417). 

2  Archie,  gen.  de  Med.  1833,  tome  iii.  p.  485. 


1102 


INJURIES  OF  THE  LOWER  EXTREMITY. 


and  forcibly  Hexed,  because  in  that  movement  the  anterior  border  of  the  articular  .surface  of 
the  tibia  meets  the  neck  of  the  astragalus,  which  arrests  the  movement  of  flexion  before  it 
has  proceeded  far  enough  to  produce  luxation  of  the  foot  upon  the  leg.'  This  conjecture  of 
Mr.  Phillips  is  rendered  highly  probable  by  the  mode  in  which  the  luxation  was  produced  in 
another  case,  which  he  describes  in  the  same  journal.  The  gentleman  was  placing  at  cricket, 
and,  while  running  very  rapidly  after  the  ball,  a  gutter  which  was  in  his  course  was  not  ob- 
served. The  toes  rested  on  the  further  side  of  this  gutter,  while  the  heel  was  jammed  directly 
into  it,  and  he  fell  forward.    The  appearance  of  the  limb  in  these  two  cases  was  very  similar. 

Other  cases  have  been  recorded  by  Sir  W.  Fergusson,1  Lizars,2  Liston,3  Nelaton,4 
Williams  5  of  Dublin,  and  Hancock.0 

The  dislocated  astragalus,  instead  of  being  thrown  directly  backwards,  is  some- 
times found  on  the  inner  or  outer  side  of  the  tendo  Achillis,  between  this  and  one  or 
other  of  the  malleoli.  An  example  of  the  displacement  backwards  and  inwards, 
which  was  reduced,  occurred  at  University  College  Hospital  in  the  year  1839,  and  is 
reported  in  the  July  number  of  the  '  Lancet '  of  that  year.  The  dislocation  in  this 
case  was  associated  with  fracture  of  the  tibia  and  fibula.  A  compound  dislocation 
of  the  astragalus,  backwards  and  outwards,  which  could  not  be  reduced,  and  in 
which  the  bone  was  therefore  extracted  and  the  patient  recovered,  is  recorded  by 
Turner,  in  his  collection  of  cases.7 

Sir  W.  MacCormac,  in  the  twenty-sixth  volume  of  the  'Pathological  Society's 
Transactions,'  has  given  a  good  illustration  of  a  case  of  dislocation  of  the  body  of  the 
astragalus  backwards  and  inwards.  The  astragalus  was  fractured  through  it3  neck, 
the  head  of  the  bone  remaining  in  its  proper  position  to  the  scaphoid ;  the  inner 
malleolus  was  detached  ;  the  body  of  the  bone  was  so  rotated  that  the  trochlear 
surface  was  directed  inwards  and  slightly  backwards.  MacCormac  refers  to  a 
.similar  case  which  was  under  Le  G-ros  Clark's  care. 

Dislocations  of  the  astragalus  inwards  and  outwards. — Turner  has  collected  five 
cases  of  dislocation  inwards,  all  complete  and  compound,  four  of  which  were  direct  and 
one  indirect.  Two  were  associated  with  fracture  of  the  tibia  and  fibida,  and  one  with 
fracture  of  the  astragalus.  Turner's  table  also  includes  six  cases  of  dislocation  out- 
wards, and  one  wrongly  grouped  under  dislocation  inwards,  viz.  Burnett's  case :  of  these, 
four  were  complete,  direct,  and  compound ;  one  complete,  indirect,  compound,  and  com- 
plicated with  displacement  of  the  scaphoid;  and  one  complete,  indirect,  and  simple; 
the  other  was  complicated  with  fracture  of  the  tibia,  but  whether  direct  or  indirect 
is  from  the  description  doubtful.  These  displacements  can  hardly  be  complete  with- 
out being  at  the  same  time  compound,  or  complicated  with  fracture,  or  indirect. 
Probably  complete  simple  luxation  never  occurs  without  the  lateral  being  combined 
with  forward  or  backward  displacement.  It  is  difficult  to  imagine  how  either  of 
these  luxations  can  take  place  without  a  fracture  of  the  malleoli ;  yet  Boyer  assures 
us  that  in  a  case  of  dislocation  of  the  astragalus  inwards,  to  which  he  was  called, 
there  was  no  fracture  of  any  bore,  nor  any  separation  of  the  tibia  from  the  fibula. 
On  reading  his  description  of  the  case,  it  would  appear  to  be  a  dislocation  of  the  foot 
outwards,  at  the  calcaneo-astragaloid  joint,  while  at  the  same  time  the  astragalus 
was  rotated  on  its  long  axis,  so  as  to  place  its  upper  or  trochlear  surface  inwards,  and 
its  outer  surface  upwards.  Two  other  very  similar  cases  have  been  recorded  by 
Aubray  8  and  Robert,*in  both  of  which  the  bone  had  undergone  the  same  rotation  on 
its  axis  ;  but  the  displacement  inwards  was  greater,  the  trochlear  surface  projecting  in 
this  direction  beyond  the  inner  malleolus. 

Treatment. — The  reduction  of  a  complete  dislocation  of  the  astragalus,  without 
divisions  of  some  of  the  tendons  which  pass  from  the  leg  to  the  foot,  would  appear  at 
first  sight  to  be  well-nigh  impossible  ;  and  though  several  such  cases  have  been 
published,  it  is  highly  probable  that  some  of  them  at  least  were  instances  of  partial 

1  System  of  Practical  Surgery,  5th  ed.  p.  315. 

'2  Lizars,  System  of  Practical  Surgery,  Edinburgh,  ed.  1847,  p.  161. 

3  Liston,  Elements  of  Surgery,  vol.  iii.  p.  348. 

'  Nelaton,  Pathologie  chirurgicale,  t.  ii.  p.  482. 

:>  (Quoted  by  Erichsen,  Science  and  Art  of  Surgery.  6  Hancock,  Surgery  of  the  Foot. 

7  Turner,  Dislocation  of  Astragalus,  pp.  77,  78. 

8  Aubray,  Juurn.  de  Med.  1 771,  tome  xxxvi.  p.  351.    9  Eobert,  Gas.  des  Hop.  1840,  p.  384. 


DISLOCATION  OF  THE  ASTRAGALUS. 


1103 


and  not  of  complete  luxation.    This  difficulty  of  reduction  is  owing  to  the  oblitera- 
tion of  the  space  normally  occupied  by  the  astragalus,  through  the  action  of  the 
powerful  muscles  which  pass  from  the  thigh  and  leg  to  the  foot.    In  some  cases  of 
inward  luxation  the  tendon  of  the  posterior  tibial  muscle  has  slipped  on  to  the  front  of 
the  lower  end  of  the  tibia,  and  has  become  applied  against  the  outer  side  of  the  neck 
of  the  displaced  astragalus,  and,  together  with  the  ligaments  of  the  tibio-tarsal  and 
astragalo-scaphoid  articulations,  has  offered  an  insuperable  resistance  to  reduction. 
A  dried  specimen  showing  this  condition  of  parts  is  to  be  seen  in  the  Musee  Dupuy- 
tren.    If  moderate  extension  and  counter-extension  under  chloroform,  together  with 
manipulation,  fail,  the  tend©  Achillis,  and,  if  necessary,  one  of  the  tibial  tendons,  should 
be  divided.    If  the  dislocation  be  obliquely  forwards,  Hamilton  thinks  reduction 
may  be  facilitated  by  converting  it  into  an  anterior  luxation.    If  it  be  outwards,  the 
foot  should  be  adducted  during  extension  ;  if  inwards,  the  foot  must  be  held  in  a 
strongly  abducted  position  during  manipulation  and  extension.    If  these  means  fail, 
the  bone  had  better  be  left  in  its  abnormal  situation,  and  no  immediate  attempts 
made  to  remove  it.    When  reduction  has  been  effected,  recovery  has  taken  place 
with  a  very  useful  limb ;  and,  even  after  resection  of  the  bone,  movement  between 
the  bones  of  the  leg  and  the  os  calcis  has  been  obtained.    This  has  been  the  result 
in  many  instances.     In  Spencer  Watson's  1  case  the  patient  six  years  after  the 
accident  was  able  to  walk  with  comfort  and  had  good  movement  of  the  foot.    In  the 
posterior  dislocations,  recovery  with  very  excellent  use  of  the  foot  occurs,  though  the 
bone  is  neither  reduced  nor  resected.    The  propriety  of  leaving  the  bone,  instead  of 
removing  it  in  the  first  instance,  was  strongly  insisted  on  by  Sir  A.  Cooper ;  and  the 
judiciousness  of  this  practice  has  been  fully  proved  by  the  more  recent  researches  of 
M.  Broca,  who  has  shown  that  in  36  cases  of  irreducible  simple  luxation  of  the  asttra 
galus,  in  which  immediate  extraction  of  the  bone  was  performed,  9,  or  one  quarter, 
were  fatal ;  while  in  43  irreducible  cases  in  which  no  primary  operation  was  per- 
formed, there  were  only  2  deaths.    Of  the  remaining  41  cases,  amputation  was 
performed  in  2  ;  and  extraction  of  the  bone,  after  it  had  become  exposed  by  the 
sloughing  of  the  integuments,  in  16  ;  all  of  which  recovered  :  while  no  operation  of 
any  kind  was  required  in  23,  the  patients  recovering  with  a  useful  limb,  though  of 
course  with  some  deformity  and  lameness.2    The  practice  to  be  pursued  in  compound 
luxations  of  the  astragalus  differs  from  that  recommended  in  the  compound  sub- 
astragaloid  dislocations,  for  the  reasons  that  the  bone  is  more  completely  separated 
from  its  connections,  and  that  the  space  which  it  naturally  occupies  is  obliterated 
by  the  approximation  of  the  tibia  and  os  calcis.    The  first  would  render  it  more  liable 
to  death,  and  the  second  would  increase  the  difficulty  of  returning  it.    If  we  add  to 
these  two  circumstances  the  fact  of  there  being  an  open  wound  communicating  with 
the  isolated  and  detached  bone,  it  seems  more  than  probable  that,  even  if  reduction 
were  effected,  its  vitality  would  be  so  far  impaired  as  to  render  its  subsequent 
extraction  necessary,  while  the  irritation  it  would  be  likely  to  set  up  might  jeopar- 
dise the  limb,  or  even  the  life  of  the  patient.    Under  these  circumstances,  the  most 
proper  and  safe  course  is  to  remove  the  bone  in  the  first  instance,  without  making 
any  attempt  at  reduction.    If  the  bone  be  comminuted,  all  the  fragments  should  be 
removed,  and  for  this  purpose  the  tissues,  even  the  tendons  over  the  displaced  bone 
may  be  freely  incised  if  they  are  not  already  torn  asunder,  since  they  are  very  likely 
to  slough  after  their  severe  bruising  and  stretching.    After  excision  of  the  bone  it 
is  not  desirable  to  close  the  wound  by  sutures,  but  simply  to  keep  the  foot  fixed,  and 
the  parts  covered  by  some  light  non-irritating  antiseptic  dressing  such  as  lint  soaked 
in  a  mixture  of  terebene  and  oil,  or  boracic  ointment  spread  on  lint  and  a  layer  of 
cotton-wool,  retained  by  a  turn  or  two  of  bandage.    In  some  cases  excellent  results 
have  attended  continued  irrigation. 

Dislocation  of  the  Tarsal  Bones. 

Dislocation  of  the  os  calcis. — This  accident  is  by  no  means  so  frequent  as 
fracture  of  the  os  calcis.    Indeed  it  is  one  of  extreme  rarity,  though  well  established 


1  Med.  Soc.  Proceeds,  vol.  iii.  p.  8. 


2  Gaz.  des  Hop.  1852,  p.  371. 
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cases  are  on  record.  It.  is  caused  by  a  fall  upon  the  heel,  by  a  direct  blow,  or  by 
something  falling  from  a  height  upon  the  foot.  The  displacement  is  usually  out- 
wards, the  bone  being  torn  away  from  the  astragalus  and  cuboid,  or  from  the 
astragalus  alone.  Hamilton  states  that  it  has  been  found  dislocated  at  the  same 
time  outwards  from  the  astragalus,  and  inwai-ds  upon  the  cuboid  bone. 

The  symptoms  are  a  prominence  below  and  external  to  the  outer  malleolus ;  no 
alteration  in  the  relations  of  the  astragalus,  scaphoid,  and  leg  bones  to  one  another ; 
and  whilst  abduction  and  adduction  of  the  foot  are  well-nigh  impossible,  flexion  and 
extension  at  the  ankle  will  not  be  interfered  with.  As  to  the  treatment,  Malgaisme 
records  two  successful  cases  under  the  care  of  M.  Jourdan  at  the  Hotel  Dieu  of 
Marseilles  ;  reduction  having  been  effected  easily  by  making  pressure  inwards  upon 
the  os  calcis,  and  outwards  upon  the  foot,  pulling  the  leg  outwards  at  the  same  time. 
Mr.  South,  in  his  notes  to  Chelius,  describes  two  successful  cases  of  outward  disloca- 
tion— one  compound,  in  which  the  bone  was  reduced  by  extending  the  foot  and 
rotating  it  outwards ;  and  one  not  compound,  in  which  the  deformity  resembled  a 
varus.  '  The  dislocation  was  easily  reduced  ;  having  bent  the  thigh  and  knee  on  the 
body,  and  fixed  the  leg,  by  laying  hold  of  the  metatarsus  and  of  the  tuberosity  of 
the  heel-bone,  and  drawing  the  foot  gently  and  directly  from  the  leg,  during  which 
extension  Clive  put  his  knee  against  the  outside  of  the  joint,  and  the  foot  being 
pressed  against  it,  the  heel  and  the  navicular  bone  readily  slipped  into  their  place 
and  the  deformity  disappeared.'  The  man  had  completely  recovered  the  use  of  his 
foot  in  five  weeks. 

Dislocation  at  the  medio -tar  sal  joints. — In  these  dislocations  the  scaphoid  and 
cuboid,  with  the  rest  of  the  foot,  are  displaced  from  their  articulations  with  the 
astragalus  and  os  calcis.  It  is  certain  in  some  of  the  cases  described  as  dislocations 
of  the  astragalus — especially  in  those  where  the  bone  is  rotated  upon  one  of  its  axes, 
and  probably  also  in  some  cases  of  sub-astragaloid  dislocation — that  the  cuboid  has 
been  shifted  in  its  relation  to.  the  os  calcis,  as  well  as  the  scaphoid  in  its  relation  to 
the  astragalus. 

This  is  seen  to  be  so  in  both  M.  Foucher's  and  M.  A-  Guerin's  cases,  referred  to 
under  '  Dislocation  of  the  Cuboid.'  There  is  in  the  Paris  Museum  a  specimen  1  which, 
though  described  as  one  of  dislocation  of  the  head  of  the  astragalus  upwards  and 
outwards,  will,  I  think,  be  admitted  to  be  a  dislocation  at  the  medio- tarsal  joints. 
The  forepart  of  the  foot  is  rotated  round  its  antero- posterior  axis,  the  scaphoid 
being  depressed  and  the  cuboid  elevated.  The  foot  was  removed  after  death  from  a 
man,  jet.  60,  who  jumped  from  a  bridge  and  was  killed  on  the  spot.  In  the  medio- 
tarsal  region  there  is  a  notable  prominence  due  to  the  scaphoid  ;  the  skin,  however, 
had  not  been  broken ;  the  superior  astragalo-scaphoid  ligament  is  broken  and  the 
head  of  the  astragalus  rides  on  the  scaphoid  ;  the  connections  of  the  astragalus  with 
the  tibio-tibular  mortise  and  with  the  os  calcis  are  preserved  ;  the  cuboid  projects 
upwards  and  outwards,  being  partially  displaced  upon  the  os  calcis,  though  the 
ligament  connecting  them  is  not  actually  lacerated ;  the  foot  is  strongly  inclined 
inwards  and  has  a  certain  resemblance  to  talipes  varus.  Liston  2  has  described  the 
case  of  a  boy,  set.  14,  who  fell  forty  feet  and  dislocated  the  cuboid  and  scaphoid  bones 
upwards.  Sir  A.  Cooper 3  has  also  recorded  the  case  of  a  man  upon  the  top  of 
whose  foot  a  heavy  stone  fell,  dislocating  the  foot  inwards  upon  the  astragalus  and 
os  calcis,  both  of  which  remained  in  their  natural  positions.  The  appearance  of  the 
foot  was  so  exactly  like  a  club-foot  that  doubts  were  entertained,  until  the  repeated 
assurances  of  the  man,  and  reduction  by  means  of  extension,  convinced  those  who 
saw  him  that  the  deformity  was  due  to  accident.  Petit 4  affirms  that  he  had  met 
with  two  cases,  but  gives  no  description  of  the  symptoms,  and  merely  contents  him- 
self with  the  following  bi  ief  reruark  :  '  Cette  maladie  se  connait  par  la  seule  diffbrmite, 
elle  indique  le  cote  ou  les  os  se  trouvent  loges  ' 

Prominence  of  the  scaphoid,  shortening  of  the  foot  in  front  of  the  tioia,  and  the 
clubbed  appearance  of  the  foot,  were  noticeable  symptoms  in  each  of  these  cases. 

1  Catalogue  du>  Mtcsie  Dupuytren,  t.  iii.  piece  7G2n.  2  Practical  Surgery,  p.  110. 
3  Cooper,  op.  cit..y>.  33(5.  1  Maladies  des  Os,  1723,  t.  i.  p.  321. 
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In  Liston's  case  no  attempt  at  reduction  was  made,  and  the  patient  was  able  to 
stand  on  the  foot  after  three  weeks  ;  but  in  Sir  A.  Cooper's,  success  followed  simple 
extension,  and  the  usefulness  of  the  foot  was  completely  restored  in  five  weeks. 

Dislocation  of  the  cuboid. — Probably  this  bone  is  never  dislocated  alone,  though 
there  is  evidence  to  prove  that  as  a  complication  of  dislocation  of  the  astragalus,  or  of 
the  scaphoid,  or  of  the  external  cuneiform  bone,  more  or  less  complete  displacement 
of  the  cuboid  may  occur.  M.  Foucher  has  recorded  a  case  1  in  which  dislocation  of 
the  astragalus  by  rotation  round  its  vertical  axis  is  associated  with  luxation  of  the 
cuboid  downwards  towards  the  sole  of  the  foot.  The  fore  part  of  the  cuboid  is  be- 
neath the  bases  of  the  fourth  and  fifth  metatarsal  bones,  so  that  the  interval  between 
these  latter  and  the  front  of  the  os  calcis  barely  admits  the  edge  of  the  last  phalanx 
of  the  little  finger.  The  upper  half  of  the  posterior  facet  of  the  os  cuboid  is  in  con- 
tact with  the  lower  half  of  the  facet  on  the  anterior  extremity  of  the  os  calcis.  The 
foot  is  at  a  right  angle  with  the  leg,  but  its  inner  border  is  slightly  raised  so  as  to  turn 
the  dorsum  a  little  outwards.  In  another  case,  one  of  M.  A.  Guerin,2  in  which 
there  is  fracture,  with  dislocation  round  its  transverse  axis,  of  the  astragalus,  it  is 
plainly  seen  that  the  dorsal  calcaneo-cuboid  ligament  is  ruptured,  and  that  the  cuboid 
is  partially  displaced  downwards  and  inwards  from  the  os  calcis.  In  this,  as  in 
M.  Foucher's  case,  the  metatarsus,  with  the  scaphoid  and  the  cuneiform  bones,  are 
rotated  inwards  (i.e.  the  outer  edge  of  the  fore  part  of  the  foot  is  depressed  and  the 
inner  edge  elevated)  and  the  toes  are  slightly  adducted.  Both  these  specimens  are 
to  be  seen  in  the  Musee  Dupuytren. 

Probably  the  most  striking  features  of  dislocation  dowmoards  of  the  cuboid  would 
be  increased  prominence  of  the  tubercle  of  the  fifth  metatarsal  bone,  with  a  narrow 
sulcus  between  it  and  the  anterior  extremity  of  the  os  calcis. 

Treatment. — Foucher's  case  was  found  in  the  dissecting-room  ;  in  Guerin's  the 
foot  was  amputated,  so  that  in  neither  was  the  cuboid  reduced.  Traction  forwards 
upon  the  metatarsus,  whilst  the  os  calcis  and  astragalus  are  fixed,  pushing  the 
cuboid  upwards  and  backwards  at  the  same  time,  would  be  the  most  likely  means  to 
effect  reduction. 

There  is  a  case  of  M.  Benjamin  Anger  3  in  which  the  cuboid,  with  the  outer  cunei- 
form, are  together  separated  from  their  connections  (1)  with  the  os  calcis,  and  (2)  with 
the  scaphoid,  middle  cuneiform,  and  second  and  third  metatarsal  bones.  The  cuboid 
and  outer  cuneiform,  together  with  the  fractured  tubercle  of  the  fifth  metatarsal  bone, 
are  seen  rotated  upon  their  antero-posterior  axis. 

In  some  dislocations  at  the  metatarsal  joints  the  scaphoid  has  gone  downwards 
beneath  the  astragalus,  and  the  cuboid  somewhat  upwards  upon  the  os  calcis.  An 
instance  of  this  kind  also  is  in  the  Dupuytren  Museum. 

It  has  been  statsd  by  Chelius  on  the  authority  of  Piedagnel  that  the  cuboid  maj- 
be  dislocated  upwards,  inwards,  or  downwards,  but,  except  in  the  manner  to  be  seen 
in  the  specimens  above  referred  to,  and  of  the  cases  described  under  the  preceding 
section,  I  know  of  no  recorded  ca.se  which  supports  this  statement. 

Dislocation  of  the  scaphoid. —  Some  cases  have  been  recorded  as  dislocations  of  the 
scaphoid  which  are  not  strictly  such.  In  M.  Benjamin  Anger's  case,  before  referred 
to,  the  scaphoid  remains  united  with  the  astragalus,  but  is  completely  separated  from 
the  cuneiform  and  cuboid  bones  ;  the  two  inner  cuneiform  bones  still  connected  with 
their  metatarsals  being  displaced  downwards  and  backwards  beneath  the  scaphoid, 
which  rides  slightly  upon  the  cuneiforms.  Burnett's  case,4  which  is  generally  re- 
ferred to  as  one  of  dislocation  of  the  scaphoid,  is  in  reality  a  compound  dislocation  of 
the  astragalus  outwards  upon  the  dorsum,  the  a.stragalus  having  carried  with  it  the 
scaphoid. 

To  Walker  5  belongs,  I  believe,  the  credit  of  reporting  the  first  example  of  true, 
single  dislocation  of  the  scaphoid— i.e.  of  displacement  of  the  bone  from  its  connections 
with  the  astragalus  as  well  as  from  the  cuneiform  bones.    The  accident  was  caused 

1  Foucher,  Soc.  Anat.  1854,  t.  xxix.  p.  338.     2  Soc.  de  Chir.  1867,  2mc  serie,  t.  -viii. 
3  Musee  Dupuytren,  t.  iii.  piece  763a.  1  Lund.  Med.  Gaz.  vol.  xix.  p.  221,  1836. 

5  The  Medical  Examiner,  1851,  p.  203. 
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in  jumping  by  alighting  on  the  ball  of  the  foot.  There  was  a  marked  prominence 
on  the  dorsum.  Reduction  was  effected  by  bending  the  extremity  of  the  foot  forcibly 
downwards,  and  continuing  to  press  upon  the  displaced  scaphoid  until  it  fell  into  its 
position  with  a  distinct  click.  The  patient  recovered  without  deformity  in  three 
weeks.  Bryant1  mentions  a  case  which  occurred  in  Mr.  Birkett's  practice  of  in- 
ward displacement  of  the  scaphoid.  'It  was  readily  reduced  by  pressure  under 
chloroform,  at  a  moment  when  the  distal  end  of  the  foot  was  drawn  outwards.' 

The  symptomsof  displaced  scaphoid  would  be  sufficiently  characteristic  to  prevent 
error  in  diagnosis  ;  there  would  be  a,  projection  caused  by  the  peculiar  shape  of  the 
bono,  together  with  some  shortening  of  the  front  of  the  foot,  the  length  of  the  heel 
of  course  remaining  nat  ural. 

Reduction  would  be  effected  by  extension,  or  flexion,  or  abduction  of  the  toes 
under  chloroform  at  the  same  time  that  the  ankle  is  fixed,  and  pressure  in  the  proper 
direction  is  made  upon  the  scaphoid  itself.  In  Piedagnel's  2  case,  the  bone  was  broken 
into  two  pieces,  and  the  inner  and  larger  portion  projected  through  an  open  wound  ; 
reduction  being  impossible,  the  foot  was  amputated. 

Dislocation,  of  the  cuneiform  bonis.  It  lias  been  stated  that  some  of  the  cases 
described  as  dislocation  of  the  scaphoid  would  be  more  appropriately  classed  as 
dislocations  of  the  cuneiform  bones  with  the  metatarsus. 

Robert  Smith  3  has  called  attention  to  a  species  of  dislocation  of  which  he  saw 
two  instances  ;  it  consists  of  dislocation  upwards  and  backwards  upon  the  tarsus  of 
the  inner  cuneiform  together  with  the  five  metatarsal  bones.  fn  both  cases  the 
nature  of  the  accident  was  verified  by  dissection  ;  both  were  old  dislocations  ;  in  both 
the  feet  were  shortened  in  front  of  the  ankle  by  an  inch  or  more,  and  the  plantar 
surface  of  the  foot  was  turned  inwards;  and  in  both  the  plantar  surface  of  the  foot 
was  convex  in  its  antero-posterior  as  well  as  in  its  transverse  diameter ;  in  both 
there  was  a  transverse  ridge  on  the  top  of  the  foot.  Dupuytren  4  has  reported  a 
similar  case  which  occurred  in  a  woman,  set.  30,  who  fell  and  received  upon  her  foot 
200  lbs.  which  she  was  carrying  at  the  time.  The  accident  was  attended  with  a  dis- 
tinct snap ;  the  dislocation  was  reduced,  also  with  a  loud  snap,  the  next  morning 
with  very  little  difficulty  by  means  of  extension  combined  with  pressure.  The 
patient  recovered  with  a  little  lameness  after  between  two  and  three  months.  Owing, 
no  doubt,  to  the  insertion  of  two  such  tendons  as  the  tibialis  anticus  and  peroneus 
longus  into  the  inner  cuneiform  and  first  metatarsal  bone,  as  well  as  to  the  forward 
position  of  the  first  tarso-metatarsal  joint,  there  is  a  tendency  for  the  first  metatarsal 
bone  to  retain  its  connection  with  the  inner  cuneiform  when  this  bone  is  dislocated. 
Bryant  5  speaks  of  two  such  cases  occurring  in  his  own  experience  ;  in  one  the  luxation 
was  upwards,  in  the  other  inwards;  in  both  reduction  was  readily  effected  and  a 
good  result  obtained.  These  accidents  are  sometimes  caused  by  the  foot  being 
pinched  between  the  wheel  of  a  cairiage  and  the  corner  or  edge  of  a  kerbstone  or  a 
tram-car  rail. 

But  there  are  two  sets  of  cases  of  dislocation  of  the  cuneiform  bones  ;  in  one  the 
three  cuneiform  bones  are  luxated  together  and  are  reduced  by  pressure  without  much 
difficulty  ;  in  the  other  one  of  the  cuneiform  bones  is  dislocated  alone.  Mr.  Luke 
has  published  a  case  of  incomplete  dislocation  upwards  of  all  three  of  the  cuneiform 
bones.  Mr.  Key  6  recorded  one  of  compound  luxation  of  the  two  outer  bones  com- 
plicated with  fracture  of  the  fourth  and  fifth  metatarsal  bones.  The  displaced 
cuneiforms  formed  two  distinct  square  swellings  on  the  dorsum  of  the  foot,  but 
inferiorly  remained  wedged  in  the  situation  normally  occupied  by  the  superior  parts 
of  the  same  bones.  The  bones  were  reduced,  and  the  patient,  after  three  months 
of  sloughing  and  suppuration,  left  the  hospital  with  a  sound  foot.  Nelaton,  in  a 
case  of  compound  luxation  of  the  inner  cuneiform,  removed  the  bone  ;  the  patient 

1  Bryant  ,  Practice  of  Surgery,  p.  369,  vol.  ii.  3rd  ed. 

2  Piedagnel,  Journ.  univ.  et  held.  1831,  tome  ii.  p.  208. 

3  Treatise  on  Frnrturps,  fyc.  4  Treatise  on  In  juries  of  the  Bones,  p.  826. 

5  Bryant,  Practice  of  Surgery,  3rd  ed.  vol.  ii.  p.  300. 

6  Guy's  Hospital  Reports,  vol.  i.  p.  244,  183G. 
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recovered.  The  internal  cuneiform  is  the  one  most  frequently  displaced  alone. 
Sir  Astley  Cooper  saw  two  such  cases  and  remarks  upon  them  :  '  In  both  instances 
the  same  appearances  presented  themselves.  There  was  a  great  projection  of 
the  bone  inwards,  and  some  degree  of  elevation  from  its  being  drawn  up  by  the 
action  of  the  tibialis  anticus  muscle ;  and  it  no  longer  remained  in  a  direct  line  with 
the  metatarsal  bone  of  the  great  toe.  In  neither  case  was  the  bone  reduced.' 
Possibly  the  division  of  the  anterior  tibial  tendon  might  have  facilitated  reduction. 
R.  W.  Smith  1  lias  described  and  figured  a  case  of  unreduced  dislocation  of  the 
inner  cuneiform  bone  in  a  gentleman  whose  horse  fell  sideways  upon  his  right  foot, 
jamming  it  against  the  kerbstone.  This  patient  was  seen  by  Nelaton,  who  did  not 
think  it  well  to  interfere  with  the  bone,  as  a  long  period  had  elapsed  since  the 
accident.  The  functions  of  the  foot  were  so  completely  regained  that  the  gentleman 
could  clear  eighteen  feet  of  water  in  a  running  jump  three  years  after  the  accident. 
The  cause  of  these  dislocations  of  the  cuneiform  bones  are  falls  in  which  the  patient 
alights  upon  the  ball  of  the  foot,  or  blows  from  heavy  weights  striking  upon  the 
dorsum  or  sides  of  the  foot. 

Dislocations  of  the  Metatarsal  Bones. 

One  or  more  of  these  bones  are  sometimes  displaced,  or  the  entire  range  may  be 
thrown  upwards,  downwaids,  outwards,  or  inwards,  the  first  direction  being  the 


most  frequent.  Some  rare  examples  have  been  seen  in  which  contiguous  bones  have 
beeti  thrown  in  opposite  directions ;  the  three  first,  for  example,  being  thrown 
downwards,  and  the  fourth  upwards.  There  is  in  the  Musee  Dupuytren  an  interest- 
ing specimen  of  M.  Mazet,  showing  the  three  middle  metatarsal  bones  held  together  at 
their  bases,  but  displaced  upwards  and  backwards  upon  the  cuneiform  bones  and 
somewhat  turned  upon  their  outer  surfaces.  The  first  metatarsal  is  dislocated 
upwards  and  inwards  upon  the  inner  cuneiform,  and  is  separated  by  a  wide  gap  from 
the  other  metatarsal  bones,  -whilst  the  fifth  is  luxated  outwards  and  rotated  out- 
wards round  its  own  axis.  The  injury  was  due  to  the  passage  of  a  wheel  over  the 
foot, 

Although  these  dislocations  can  only  be  occasioned  by  great  violence,  they  are 
rarely  compound  ;  they  are  most  frequently  caused  by  falls  on  the  toes,  or  by  force 
directed  on  the  anterior  part  of  the  foot  from  above  downwards,  or  laterally.  The 
luxations  upwards  and  downwaids  are  readily  diagnosed  by  the  shortening  of  the 

1  R.  W.  Smith,  Proceedings  of  Path.  Soc.  of  Dublin,  vol.  ii.  N.S.  p.  142. 
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toot,  without  a  corresponding  elongation  of  the  heel,  and  by  the  projection  and 
depression  on  the  instep.  Dr.  Smith  of  Dublin,  who  has  given  one  of  the  best 
accounts  of  the  upward  dislocation  of  these  bones,1  calls  attention  to  the  peculiar 
alteration  in  the  form  of  the  sole  of  the  foot,  which,  instead  of  presenting  its  natura  I 

Fia.  204.- Dislocation  of  the  Metatarsus.        concavity,  becomes  convex  both  in 
(After  R.  W .  Smith.)  lls  antero-posterior  and  transverse 

diameters.  The  lateral  displace- 
ments are  readily  distinguished  by 
the  projection  at  the  inner  or  the 
outer  boi'der  of  the  foot.  In  an 
analysis  of  29  cases  of  these  tarso- 
metatarsal dislocations,  21  of  which 
are  mentioned  by  Malgaigne  and  8 
are  added  by  himself,  Dr.  Hitzig  2 
found  that  13  were  of  single  bones, 
and  13  of  the  entire  metatarsus. 
In  1 1  out  of  the  1 6  the  dislocation 
was  upwards,  in  1  downwards,  in  3 
outwards,  and  in  1  inwards.  Out 
of  the  29  patients,  one  died  from  the 
direct  effects  of  the  injury,  and  two 
apparently  from  the  effects  of  the  attempts  at  reduction ;  a  fourth  died  of  other 
injuries.  Hitzig  concludes  that  if  the  reduction  is  effected  at  once  the  prognosis  is 
good,  and  even  when  the  dislocation  is  irreducible,  if  it  be  in  the  vertical  direction 
little  loss  of  function  is  to  be  expected  ;  but  when  the  displacement  is  sideways  the 
foot  is  not  so  useful.  A  good  foot  followed  in  Mr.  Cock's  3  case,  though  the  entire 
metatarsus  was  dislocated  on  to  the  dorsum,  and  the  inner  cuneiform  and  scaphoid 
bones  were  fractured.  Although  reduction  could  not  be  effected,  in  eight  months  the 
man  was  working  as  a  railway  labourer. 


Dislocation  of  the  Phalanges. 

The  phalanges  may  be  dislocated  either  at  the  metatarso-phalangeal  or  at  the 
inter-phalangeal  articulations.  These  dislocations  are  the  result  of  forces  acting 
directly  upon  the  toes,  whether  as  blows,  or  by  the  sudden  contact  of  the  pointed 
foot  with  the  ground  by  which  the  plantar  surface  of  the  toes  suddenly  receives  the 
weight  of  the  body. 

The  first  phalanges  are  the  most  frequently  displaced.  Though  less  frequent 
than  dislocations  of  the  fingers,  these  displacements  of  the  toes  are  far  from  un- 
common. They  may  be  either  partial  or  complete,  and  are  more  frequently  com- 
pound and  complicated  than  in  the  case  of  the  fingers.  Most  frequently  the  dis- 
placement is  simply  upwards,  so  that  the  toe  is  still  in  the  same  axis  as  its  metatarsal 
bone  ;  but  sometimes  it  is  upwards  with  more  or  less  lateral  inclination,  amounting, 
it  may  be,  nearly  to  a  right  angle  with  the  rest  of  the  toes. 

Sir  Astley  Cooper  relates  a  case  in  which  all  the  smaller  toes  were  dislocated 
from  the  metatarsus.  Generally  only  one  toe  is  displaced  at  the  same  time. 
Malgaigne  states  that  out  of  22  cases  in  which  the  first  row  of  phalanges  were  dis- 
located, 19  were  of  the  great  toe,  and  3  of  all  the  toes  at  once. 

There  is  a  certain  analogy  between  luxation  of  the  first  phalanx  of  the  great  toe 
and  of  the  corresponding  bone  of  the  thumb;  and  the  same  difficulty  in  reduction 
has  been  experienced  ;  indeed,  reduction  has  been  occasionally  impossible.  When 
the  dislocation  is  dorsal,  I  think  this  difficulty  is  to  be  explained  by  the  presence  of 
the  little  sesamoid  bones  which  in  this  joint  take  the  place  of  the  glenoid  ligament 


1  Smith,  op.  cif.  p.  220. 

3  New  Syd.  &oc.  Biennial  Retrospect,  1805-0,  p.  27.'?.  From  Berliner  khn.  Woch.  vol.  ii. 
pp.  39-42,  1865.  3  Guy's  Mosj>.  Kepts.  1855,  p.  280. 
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or  fibro  cartilaginous  plate  of  the  other  digits.  Like  the  glenoid  ligaments  the 
sesamoid  bones  are  much  more  firmly  connected  with  the  phalanx  than  with  the 
metatarsal  bone,1  and  thus  get  torn  away  from  and  shut  back  behind  the  head  of 
the  metatarsal  bone,  or  it  maybe  that  the  sesamoid  bones,  retaining  their  connections 
with  the  lateral  ligaments  of  the  joint  as  well  as  with  the  short  flexor  tendons,  are 
separated  from  one  another  and  so  allow  the  head  of  the  metatarsal  bone  to  pass 
forwards  and  thus  become  nipped,  as  it  were,  in  a  button-hole  between  them.. 

Reduction  will  be  most  easily  accomplished  by  flexion,  combined  with  backward 
pressure  upon  the  head  of  the  metatarsal  bone  and  forward  pressure  on  the  base  of 
the  phalanx.  It  has  even  been  effected  by  traction  alone,  but  in  other  cases  all 
means,  even  division  of  the  flexor  tendon  and  the  lateral  ligaments,  have  failed.  In 
the  case  of  the  smaller  toes  reduction  is  generally  effected  by  simple  extension,  or  by 
extension  combined  with  moderate  pressure.  The  clove  hitch  or  Lewis's  instrument 
for  dislocation  of  the  fingers  will  materially  assist  in  the  employment  of  extension. 

In  cases  of  compound  dislocation  where  there  is  much  resistance  to  reduction,  it 
will  be  best  to  resect  the  end  of  the  bone,  after  which  reduction  will  be  easy. 

A  form  of  dislocation  of  the  metatarso-phalangeal  joint  of  the  great  toe  is  the 
deformity  known  as  bunion.  It  is  of  very  slow  and  gradual  occurrence;  and  the  toe 
becomes  at  length  displaced  outwards,  causing  the  head  of  the  metatarsal  bone  to 
project  inwards  and  thus  to  give  rise  to  a  swelling.  This  swelling  is  often  much 
increased  by  the  development  of  a  bursa  over  the  end  of  the  metatarsal  bone. 

For  the  relief  of  the  pain  this  luxation  often  excites,  and  to  restore  and  retain 
the  toe  in  its  proper  position,  I  have  found  much  good  from  a  well-made  toe-stall, 
which  surrounds  the  end  of  the  toe  and  is  prolonged  backwards  upon  the  inner 
border  of  the  foot  and  fixed  by  a  ribbon  tied  in  a  figure-of-eight  fashion  around  the 
ankle.  By  this  means  the  pressure  made  by  the  phalanx  upon  the  digital  nerve  is 
removed  and  the  toe  is  restored  into  a  right  line  with  the  metatarsus. 

Henry  Morris. 

1  Vide  Morris,  On  the  Anatomy  of  the  Joints,  pp.  308,  443,  446. 
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'A  goodly  volume  of  an  extremely  interesting  and  important  character.  The  rapid  progress  of 
scientific  and  practical  medicine  makes  it  highly  valuable  to  a  practitioner  to  be  able  to  find,  in  one 
volume  of  easy  reference,  a  summary  of  the  most  recent  views  put  forward  in  the  vast  number  of 
monographs,  transactions,  and  treatises  through  which  medical  information  is  now  diffused.  The 
task  is  one  of  very  great  difficulty,  and  requiring  special  qualifications.  It  has  been  fulfilled  in 
this  book  with  unusual  success,  owing,  no  doubt  in  a  great  measure,  to  the  fact  that  the  editor 
chosen  is  a  physician,  whose  many  years  of  practice  on  the  one  hand  give  him  the  position,  judg- 
ment, and  experience  necessary  for  the  work,  while  they  have  not  dulled  his  youthful  and  scientific 
ardour  in  this  work.  Dr.  Quain  has  succeeded  in  bringing  together  and  conducting  a  work 
numbering  a  body  of  contributors  of  whose  co-operation  any  editor  might  feel  proud,  and  whose 
combined  work  could  not  fail  to  produce  a  work  of  the  highest  -authority  and  practical  value. 
Among  the  leading  contributors  whose  names  at  once  strike  the  reader  as  affording  a  guarantee  of 
the  value  of  their  contributions,  are  Sir  William  Jenner,  who  writes  on  chest-deformities  ;  Sir 
James  Paget,  on  pathology  and  on  the  symmetry  of  disease;  Sir  Henry  Thompson  and  Mr. 
Cadge,  who  treat  of  the  bladder  and  the  urinary  organs  in  their  medical  aspects  ;  Captain 
Douglas  Galton,  C.B.,  who  writes  the  article  on  hospitals ;  Mr.  Simon,  on  contagion ;  Dr.  Brown- 
pSequard,  on  epilepsy  and  spinal  irritation  ;  the  late  Dr.  Parkes,  on  hygiene,  his  article  being  revised 
by  Dr.  Buchanan.  Brain  diseases  are  treated  among  others  by  Dr.  Jenner,  Dr.  Charlton  Bastian, 
Dr.  Gowers,  and  Dr.  Buzzard  ;  Dr.  Bristoe  treats  of  heart  disease  and  stammering  ;  Dr.  Broadbent 
of  typhoid  fever  ;  Dr.  Lauder  Brunton  of  morbid  conditions  of  the  urine  and  various  therapeutical 
subjects;  Dr.  Jones  (New  Orleans),  discusses  yellow  fever;  Dr.  Binz  (Bonn),  alcohol;  Dr.  Green- 
field, maligant  pustule;  Dr.  Clifford  Allbutt,  pleurisy;  Mr.  Spencer  Wells,  ovarian  disease;  Dr. 
Balthazar  Foster,  valvular  diseases  of  the  heart;  Dr.  Playfair,  Dr.  Barnes,  and  Dr.  Priestley 
uterine  and  gynaecological  subjects;  Sir  Joseph  Fayrer,  tropical  diseases.  Miss  Florence  Nightingale 
contributes  two  admirable  articles  on  nurses  and  nurses'  training  ;  Dr.  A.  T.  H.  Waters  (Liverpool) 
on  bronchitis  ;  and  Dr.  Hermann  Weber  deals  with  mineral  waters.  These  are  only  a  few  of  the 
names  which  strike  the  eye  at  once  on  looking  through  the  volume,  but  they  will  serve  for  the 
present  to  indicate  the  wide  range  of  subjects  treated,  and  the  success  with  which  Dr.  Quain  has 
been  able  to  obtain  the  aid  of  the  most  accomplished  experts  in  each  subject.  It  is  noticeable  that 
the  most  recent  questions  are  dealt  with,  Dr.  Stevenson  including,  in  his  valuable  contributions  to 
toxicological  subjects,  a  discussion  on  the  ptomaines;  while  bacilli,  anthrax,  and  tubercle  are  ail 
treated  according  to  most  recent  researches  and  knowledge.'  British  Medicai,  Journal. 

'The  task  of  producing  a  comprehensive  treatise  on  medicine  is  one  which  has  long  been  felt  to 
be  too  arduous  for  any  single  practitioner  or  writer.  Dr.  Quain,  in  the  great  Dictionary  just 
published,  has  avoided  the  error  of  attempting  an  impossible  undertaking;  and  has  availed  himself 
of  his  professional  status  to  obtain  the  co-operation  of  numerous  writers,  all  of  acknowledged  posi- 
tion, in  the  preparation  of  a  work  which  aims  at  presenting  a  complete  picture  of  the  medical  science 
and  practice  of  the  day.  Even  with  the  help  thus  afforded,  the  book  has  been  eight  years  in 
progress;  but  the  printing  arrangements  were  of  such  a  nature  that  the  earlier  portions  were  kept 
in  a  state  which  admitted  of  revision,  and  every  article  has  been  corrected  up  to  the  date  of  publica- 
tion. Not  only  so,  but  the  editor  is  understood  to  have  read  and  considered  every  article  himself, 
both  for  the  purpose  of  making  suggestions  to  the  writers  with  regard  to  particular  topics,  and  also 
for  the  sake  of  giving  a  certain  character  of  uniformity  to  the  whole.  The  longer  and  more 
important  contributions  are  signed  by  their  respective  authors;  while  the  comparatively  unim- 
portant ones,  and  the  mere  definitions,  are  left  unsigned,  and  may  be  regarded  as  editorial.' 

The  Times. 

'  It  is  no  slight  praise  to  say  that  the  plan  which  Dr.  Quain  has  followed  was  the  only  one 
that  could  have  produced  so  satisfactory  a  result.  The  sole  alternative  would  have  been  to  epitomise 
that  widely  diffused  literature  of  which  we  have  spoken,-  which  would  be  tantamount  to  giving  the 
views  of  the  best  men  secondhand.  Dr.  Quain  has  wisely  preferred  to  produce  not  a  compilation, 
but  an  absolutely  new  and  original  work.  He  has  applied  to  colleagues  who  stand  in  the  foremost 
ranks  of  the  profession,  or  who  have  obtained  celebrity  as  specialists  in  distinctive  branches  of 
practice,  and  thus  obtained  contributions  at  first  hand  from  men  whose  names,  appended  to  the 

articles,  are  in  themselves  sufficient  authority  Criticism  of  a  work  of  this  kind  would  be 

out  of  place  here ;  we  have  therefore  restricted  ourselves  to  some  account  of  its  method  and  to  a 
general  indication  of  the  high  standard  of  its  contributions.  Of  the  care  and  thoroughness  with 
which  it  has  been  written  and  edited,  there  is  evidence  in  every  page.  That  it  will  at  once  become 
a  standard  of  reference  with  the  profession  and  the  public  for  all  that  can  possibly  be  comprised 
in  a  dictionary  of  medicine  there  can  be  little  doubt.  It  is  ample  for  the  practitioner  and  the 
student,  and  not  too  voluminous  for  the  non  medical  reader.  Wholly  apart,  indeed,  from  technical 
and  professional  uses,  its  publication  is  a  valuable  addition  to  the  scientific  literature  of  the  language.' 

Daily  Telegraph. 

London,  LONGMANS  &  CO. 
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THE  SCIENCE  AND  ART  OF  SURGERY; 

A  Treatise  on  Surgical  Injuries,  Diseases,  and  Operations.  By  John  Eric 
Erichsen,  F.R.S.,  LL.D.,  F.R.C.S.,  Surgeon-Extraordinary  to  H.M. 
the  Queen;  Ex-President  of  the  Royal  College  of  Surgeons  of  England; 
Emeritus  Professor  of  Surgery  and  of  Clinical  Surgery  in  University  College  ; 
Consulting-Surgeon  to  University  College  Hospital,  and  to  many  other 
Medical  Charities.  The  Eighth  Edition,  Edited  by  Professor  Beck, 
M.S.  &  M.B.  (Lond.),  F.R.C.S.,  Surgeon  to  University  College  Hos- 
pital, &c.  Illustrated  by  984  Engravings  on  Woo  J.  2  vols.  8vo,  price 
Two  Guineas. 

A  SYSTEM  OF  SURGERY, 

Theoretical  and  Practical,  in  Treatises  by  various  Authors.  Edited  by 
Timothy  Holmes,  M.A.,  Surgeon  to  St.  George's  Hospital,  Membre 
Correspondant  de  la  Societe  de  Chirurgie  de  Paris;  and  J.  W.  Hulke, 
F.R.S.,  Surgeon  to  the  Middlesex  Hospital  and  to  the  Royal  London 
Ophthalmic  Hospital.  Third  Edition,  in  Three  Volumes,  with  Coloured 
Lithographic  Plates  and  numerous  Illustrations  engraved  on  Wood.  3  vols, 
royal  8vo,  price  Four  Guineas. 


In  this  third  edition  the  same 
general  arrangement  has  been 
followed  as  in  the  two  former  : 
but  many  of  the  Treatises  have 
been  entirely  re-written,  others 
greatly  modified,  and  all  care- 
fully revised,  either  by  the 
original  Authors  or  by  surgeons 
of  known  authority  on  the  topics 
in  question.  The  Editors  have 
thus  attempted  to  adapt  the 
book  to  the  great  changes  and 
advances  which  have  been  made 
in  surgery  during  the  interval 
since  its  last  publication  ;  whilst 


the  Publishers  have  been  en- 
abled, by  careful  condensation 
on  the  part  of  the  Authors,  and 
by  the  use  of  a  less  expensive 
style  of  typography,  to  issue  the 
work  at  a  reduced  price,  and  at 
the  same  time  to  add  largely  to 
the  illustrations.  It  is  hoped 
that  the  new  edition  will  main- 
tain the  reputation  of  the  System 
of  Surgery  as  a  faithful  mirror 
of  the  teaching  and  practice  of 
surgery  in  England  at  the  pre- 
sent day. 
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Glasgow;  Edward  Albert  Schafer,  F.R.S.,  Professor  of  Physio- 
logy in  University  College,  London  ;  and  George  Dancer  Thane, 
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Coloured.    2  vols,  medium  8vo,  price  iSs.  each. 


ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
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Edition  after  Original  Drawings  by  Dr.  Carter,  from  Dissections  made 
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Pick,  Surgeon  to  St.  George's  Hospital ;  Member  of  the  Court  of 
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By  Sir  Richard  Owen,  K.C.B.,  F.R.S.  3  vols.  8vo,  with  1,472 
Woodcuts,  price  73J.  6d. 
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By  Henry  Ashby,  M.D.  Lond.,  Physician  to  the  General  Hospital  for 
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Delivered  at  King's  College,  London,  by  Sir  Thomas  Watson,  Bart., 
M.D.,  F.R.S. ,  Hon.  LL.B.  Cantab.,  Hon.  D.C.L.  Oxon.,  &c,  Physician- 
in-Ordinary  to  the  Queen.  Fifth  Edition,  revised  and  enlarged,  with  two 
Plates.     2  vols.  8vo,  price  36^. 
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By  Sir  James  Paget,  Bart.,  F.R.S.,  D.C.L.  Oxon.,  LL.D.  Cantab., 
&C,  Serjeant-Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales, 
Consulting- Surgeon  to  St.  Bartholomew's  Hospital.  Edited  by  F.  Howard 
Marsh,  Assistant-Surgeon  to  St.  Bartholomew's  Hospital.  Second  Edi- 
tion, revised.    8vo,  price  15s. 


EXAMINATION  QUESTIONS  IN  ANATOMY, 

PHYSIOLOGY,  BOTANY,  MATERIA  MEDICA,  SURGERY, 
MEDICINE,  MIDWIFERY,  AND  STATE-MEDICINE. 
Arranged  by  H.  A.  Husband,  M.B.,  M.C.,  M.R.C.S.,  L.S.A.,  &c. 
Third  Edition,  revised  and  augmented.    321110,  price  4s.  6d. 


THE  ASCLEPIAD. 

A  book  of  original  research  in  the  Science,  Art,  and  Literature  of 
Medicine.  By  Benjamin  Ward  Richardson,  M.D. ,  F.R.S.  Published 
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A  DICTIONARY  OF  MEDICINE  ; 

Including  General  Pathology,  General  Therapeutics,  Hygiene,  and  the 
Diseases  peculiar  to  Women  and  Children.  By  Various  Writers.  Edited 
by  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of 
Physicians,  Consulting  Physician  to  the  Hospital  for  Consumption, 
Brompton.  Twelfth  Thousand;  pp.  1,836,  with  138  Illustrations  engraved 
on  wood.  1  Vol.,  Medium  8vo,  price  31s.  6d.  cloth,  or  40.?.  half-russia. 
To  be  had  also  in  Two  Volumes,  price  34  c  cloth. 


"Dr.  Quain's  Dictionary  stands  alone  in 
the  great  world  of  literature,  and  will  for  many 
years  mark  an  epoch  in  the  medical  literature 
of  the  nineteenth  century.  We  do  not  believe 
that  anything  comparable  to  it  has  previously 
existed." — Pliarjuaceutical  Journal. 

"  Should  it  be  thought  that  in  our  notices  of 
Quain's  Dictionary  of  Medicine  we  have  be- 
stowed indiscriminate  praise  upon  it,  we  can 
confidently  refer  to  the  work  itself  for  our 
justification.  It  is  distinctly  what  German 
writers  call  an  epoch-making  work,  and  we  are 
pleased  to  hear  that  already  it  has  proved  its 
position." — Medical  Times  Gazette. 

"  For  years  to  come  Quain's  Dictionary  will 
be  a  classical  work  of  reference;  and  we  only 
do  our  plain  duty  in  commending  it  to  the  notice 
of  all  practitioners.  There  is  no  other  single 
volumethat can takeits place  :  and  ashelffull  of 


special  treatises  would,  for  most  of  the  purposes 
of  daily  practice,  be  less  useful  because  less  com- 
pact and  less  easy  of  reference." — Fractitioncr. 

"  No  dictionary  of  medicine  so  compendious, 
and  at  the  same  time  so  authoritative,  has  yet 
appeared  in  any  language.  One  hundred  and 
sixty  writers  contribute  an  immense  number  of 
articles,  varying  in  length  from  a  column  or 
less  to  thirty  pages." — Quarterly  Review. 

"  To  those  who  know  something  of  the  enor- 
mous bulk  of  even  current  medical  literature, 
the  comprehensive  survey  of  the  "mystery" 
afforded  by  this  volume  will  appear  a  marvel  of 
informed  and  patient  industry.  The  compres- 
sion of  matter  has  of  necessity  been  great,  but 
so  judiciously  has  it  been  effected,  that  concise- 
ness does  not  seem  anywhere  to  have  been 
purchased  at  the  expense  of  clearness  and 
intelligibility." — Spectator. 


LOUIS  PASTEUR:  HIS  LIFE  and  LABOURS. 

By  his  Son-in-La\v.     Translated  from  the   French  by  Lady  Claud 

Hamilton.  With  Introductory  Essay  by  Professor  Tyndall.  Crown 
8vo,  price  Js.  6d. 

"  Professor  Tyndall  has  added  a  pugnacious  digest  with  all  their  intelligence,  and  with  as 

introduction,  more  suo,  which  all  anti-vivisec-  little  prejudice  as  they  can  easily  manage." — 

tionists  and  disbelievers  in   the    omnipotent  Pall  Mall  Gazette. 
geim  ought  to  read,  mark,  learn,  and  inwardly 


A  MANUAL  OF  PATHOLOGY. 

By  Joseph  Coats,  M.D.,  Pathologist  to  the  Western  Infirmary  and  the 
Sick  Children's  Hospital,  Glasgow  ;  Lecturer  on  Pathology  in  the  Western 
Infirmary;  Examiner  in  Pathology  in  the  University  of  Glasgow;  for- 
merly Pathologist  to  the  Royal  Infirmary,  and  President  of  the  Pathological 
and  Clinical  Society  of  Glasgow.  With  339  Illustrations  engraved  on 
Wood.    8vo,  price  3U.  6<L 


"  The  1  Manual  of  Pathology '  by  Dr.  Coats 
of  Glasgow,  is  a  work  of  high  merit,  and  is 
sure  to  be  widely  read." — The  Lancet. 

"Students  will  welcome  Dr.  Coats'  Manual 
as  the  first  indigenous  English  text-book  aim- 
ing at  completeness  in  general  pathology,  as 
well  as  in  pathological  anatomy." — Practi- 
tioner. 


"  After  a  careful  examination  of  the  volume, 
we  have  no  hesitation  in  recommending  Dr. 
Coats'  Manual  to  our  readers  as  a  work  of 
first-class  merit,  and  one  which  should  be  in  the 
possession  of  everyone  who  wishes  to  know  the 
present  condition  of  the  important  branch  of 
medical  science  with  which  it  deals."— Dublin 
Medical  lournal. 
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LECTURES  ON  SURGICAL  PATHOLOGY, 

Delivered  at  the  Royal  College  of  Surgeons  of  England.  By  Sir  James 
Paget,  Bart.,  F.R.S.,  D.C.L.  Oxon.,  LL.D.  Cantab.,  &c,  Serjeant- 
Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales,  Consulting- 
Surgeon  to  St.  Bartholomew's  Hospital.  Fourth  Edition,  re-edited  by  the 
Author  and  W.  Turner,  M.B.    8vo,  with  131  Woodcuts,  price  21s. 


QN   IN-KNEE   DISTORTION    (Genu  Valgum): 

Its  Varieties  and  Treatment  with  and  without  Surgical  Operation.  By  W. 
J.  Little,  M.D.,  F.R.C.P. ;  Author  of  "The  Deformities  of  the  Human 
Frame,"  &c.  Assisted  by  Muirhead  Little,  M.R.C.S.,  L.R.C.P. 
With  40  Woodcut  Illustrations.    8vo,  price  Js.  6d. 


f)N  CONCUSSION  OF  THE  SPINE,  NERVOUS 

^  SHOCKS, 

And  other  Obscure  Injuries  of  the  Nervous  System  in  their  Clinical  and 
Medico-Legal  Aspects.  By  John  Eric  Ericiisen,  F.R.S.,  &c,  Surgeon- 
Extraordinary  to  the  Queen.  New  and  Revised  Edition.  Crown  8vo,  io.r.  6J, 


HANDBOOK  ON  DISEASES  OF  THE  SKIN. 

With  especial  reference  to  Diagnosis  and  Treatment.  By  Robert  Liveing, 
M.A.  &  M.D.  Cantab.,  F.R.C.P.  Lond.,  &c,  Physician  to  the  Depart- 
ment for  Diseases  of  the  Skin  at  the  Middlesex  Hospital.  Third  Edition, 
revised.    Fcap.  8vo,  price  $s. 


VTOTES  on  the  TREATMENT  of  SKIN  DISEASES. 

By  the  same  Author.    Fifth  Edition.    i8mo,  price  3^. 


pLEPHANTIASIS  GRyECORUM,  or  TRUE  LEPROSY; 

Being  the  Goulstonian  Lectures  for  1873.  By  the  same  Author.  Cr.8vo,4.r.  6d. 


A 


TREATISE  ON  GOUT  AND  RHEUMATIC 

GOUT  (RHEUMATOID  ARTHRITIS). 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  &c;  Consulting  Physician 
to  King's  College  Hospital.  Third  Edition,  thoroughly  revised  and  en- 
larged ;  with  6  Plates,  comprising  21  Figures  (14  Coloured),  and  87  Illus- 
trations engraved  on  Wood.    8vo,  price  2ls. 
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WORK'S  OiV  MEDICINE,  SURGERY  &v. 


CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE,  AND  ABDOMINAL  DROPSY; 
Including  the  Croonian  Lectures  on  Functional  Derangements  of  the  Liver, 
delivered  at  the  Royal  College  of  Physicians  in  1874.  By  Charles 
Murchison,  M.D.,  LL.D.,  F.R.S.,  &c;  late  Physician  and  Lecturer  on 
the  Principles  and  Practice  of  Medicine,  St.  Thomas's  Hospital.  New 
Edition,  Revised  by  T.  Lauder  Brunton,  M.D.    8vo,  price  24X. 


TREATISE  ON  THE  CONTINUED  FEVERS 

OF   GREAT  BRITAIN. 

By  Charles  Murchison,  M.D.,  LL.D.,  F.R.S.,  &c,  Fellow  of  the 
Royal  College  of  Physicians  ;  late  Physician  and  Lecturer  on  the  Prin- 
ciples and  Practice  of  Medicine,  St.  Thomas's  Hospital.  Third  Edition, 
Edited  by  W.  Cayley,  M.D.,  F.R.C.P.  With  6  Coloured  Plates  and 
•Lithographs,  19  Diagrams  and  20  Woodcut  Illustrations.    8vo,  price  25J, 


ON   RENAL  AND  URINARY  AFFECTIONS. 

By  W.  Howship  Dickinson,  M.D.  Cantab.,  F.R.C.P.,  Physician  to,  and 
Lecturer  on  Medicine  at,  St.  George's  Hospital ;  Consulting  Physician 
to  the  Hospital  for  Sick  Children :  Corresponding  Member  of  the  Academy 
of  Medicine  of  New  York.  Complete  in  Three  Parts,  8vo,  with  12  Plates 
and  122  Woodcuts,  price  £3  4s.  6d.  cloth. 

%*  The  Parts  can  also  be  had  separately,  each  complete  in  itself,  as 
follows: — Part  I. — Diabetes,  price  io.f.  6d.  sewed,  I2.y.  cloth.  Part  II. — 
Albuminuria,  price  £1  sewed,  £1  is.  cloth.  Part  III.  (Just  Ready.) — 
Miscellaneous  Affections  of  the  Kidneys  and  Urine,  price  £l  10s,  sewed,  £i 
I  If,  6d.  cloth. 


(^LINICAL   RESEARCHES   ON   DISEASE  IN 

INDIA. 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 
Hospital.     Second  Edition,  thoroughly  revised.    8vo,  price  21s. 


A 


N  INTRODUCTION  TO  THE  USE  OF  THE 

LARYNGOSCOPE. 

By  Archibald  G.  Garrod,  M.A.,  M.B.  Oxon.,  M.R.C.P.  With 
Illustrations.    8vo,  price  3s,  6d. 


TJENTAL  PATHOLOGY  AND  SURGERY. 

By  S.  James  A.  Salter,  M.B.,  F.R.S.,  Examiner  in  Dental  Surgery  at 
the  College;  Dental  Surgeon  to  Guy's  Hospital.  With  133  Illustrations. 
8vo,  price  l8.r. 
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QUNSHOT  INJURIES. 

Their  History,  Characteristic  Features,  Complications,  and  General  Treat- 
ment ;  with  Statistics  concerning  them  as  they  are  met  with  in  Warfare. 
BySurgeon-GeneralSirT.  Longmore,  K.C.B.,  F.R.C.S.,  Honorary  Surgeon 
to  H.M.  Queen  Victoria;  Professor  of  Military  Surgery  in  the  Army 
Medical  School.    With  58  Illustrations.    8vo,  price  31J.  6d. 


CAN    REMO    CLIMATICALLY   AND  MEDI- 

°     CALLY  CONSIDERED. 

By  Arthur  Hill  Hassall,  M.D.  London,  Member  of  the  Royal 
College  of  Physicians  of  England  ;  late  Senior  Physician  to  the  Royal  Free 
Hospital  ;  Founder  of  and  Consulting  Physician  to  the  Royal  National 
Hospital  for  Consumption  and  Diseases  of  the  Chest,  Sec.  New  Edition, 
with  30  Illustrations.    Crown  8vo,  price  S-r. 


^HE 


INHALATION  TREATMENT  OF  DIS- 
EASES OF  THE  ORGANS  OF  RESPIRATION.  INCLUD- 
ING CONSUMPTION. 

By  Arthur  Hill  Hassall,  M.D.  Lond.,  Member  of  the  Royal 
College  of  Physicians  of  England,  Founder  of,  and  Consulting  Physician  to, 
the  Royal  National  Hospital  for  Consumption  and  Diseases  of  the  Chest  ; 
Author  of  "San  Remo  Climatically  and  Medically  considered."  With 
numerous  Illustrations.    Crown  8vo,  price  12s.  6d. 


$)b*a;s*!3  of  Wiomm  mrtr  Cjuttrreri!,  anfr  poplar 


lorhs. 


XHE    DIAGNOSIS    AND    TREATMENT  OF 

1     DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital.  New 
Edition,  being  the  Fourth,  in  great  part  re-written  and  much  enlarged,  with 
211  Engravings  on  Wood,  of  which  79  are  new  in  this  Edition.  8vo, 
price  24s. 


INTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  THE  PERIOD  OF 
PREGNANCY  AND  IN  THE  LYING-IN  ROOM  : 
With  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects,  and 
Hints  on  Nursing.  By  Thomas  Bull,  M.D.  New  and  Cheaper  Edition, 
thoroughly  revised  and  improved.    Fcap.  8vo,  price  is.  6d. 

HE  MATERNAL  MANAGEMENT  OF  CHILDREN 
IN  HEALTH  AND  DISEASE. 

By  the  same  Author.  New  and  cheaper  Edition,  thoroughly  revised  and 
improved.    Fcap.  8vo,  price  is.  6d. 
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WORKS  ON  MEDICINE,  SURGERY  &>c. 


T  ECTURES  ON  THE  DISEASES  OF  INFANCY 

*^    AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c,  Founder  of  and  formerly  Physician  to  the 
Hospital  for  Sick  Children.  Seventh  Edition,  revised  and  enlarged.  8vo,  i8.r. 


THE  MOTHER'S  MANUAL  of  CHILDREN'S 

DISEASES. 

T3y  Charles  West,  M.D.    Fcap.  8vo,  price  2s.  6d. 


HPHE   HANDBOOK   FOR  MIDWIVES. 

By  Henry  Fly  Smith,  B.A.,  M.B.  Oxon.,  M.R.C.S.  Second  Edition, 
thoroughly  revised.    With  41  Woodcuts.    Crown  Svo,  price  5-r. 


HE  HEALTH  OF  THE  SENSES:  SIGHT. 

HEARING,  VOICE,  SMELL  AND  TASTE,  SKIN. 
With  some  general  Hints  ou  Health,  Diet,  Education,  Health  Resorts  of 
Europe,  &c.  By  H.  Macnaughton  Jones,  M.D.,  F.R.C.S.  I.  &  Ed. 
Examiner  in  the  Royal  University,  Ireland,  formerly  Professor  in  the 
Queen's  University,  Ireland,  cSx.  With  66  Woodcuts.  Second  Edition. 
Crown  8vo,  y.  6d. 


glaferia  gtebira  anb  t^rajmitks. 


HOMSON'S    CONSPECTUS    ADAPTED  TO 

THE  BRITISH  PHARMACOPOEIA   OF  1885. 
Edited  by  Nestor  Tirard,  M.D.  Lond.,  F.R.C.P.,  Professor  of  Materia 
Medica  and  Therapeutics  in  King's  College,  London,  Sec.    New  Edition, 
with  an  Appendix  containing  Notices  of  some  of  the  more  important  Non- 
Official  Medicines  and  Preparations.    i8mo,  price  6s. 


HTHE   ESSENTIALS  OF   MATERIA  MEDICA 

A     AND  THERAPEUTICS. 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 
of  Physicians  ;  Consulting  Physician  to  King's  College  Hospital;  late  Pro- 
fessor of  Therapeutics  at  King's  College,  London.  The  Twelfth  Edition, 
revised  and  edited,  under  the  supervision  of  the  Author,  by  Nestor 
Tirard,  M.D.  Lond.  F.R.C.P.,  Professor  of  Materia  Medica  and 
Therapeutics  in  King's  College,  London,  &c.    Crown  8vo,  price  12s.  6d. 
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F)ICTIONARY   OF   CHEMISTRY   AND  THE 

ALLIED  BRANCHES  OF  OTHER  SCIENCES. 
By  Henry  Watts,  F.R.S.,  F.C.S.,  Editor  of  the  Journal  of  the  Chemical 
Society,  assisted  by  eminent  Scientific  and  Practical  Chemists.  With  a 
Third  Supplement,  completing  the  Record  of  Chemical  Discovery  to  the 
end  of  the  year  1878,  including  the  more  Important  Discoveries  made  in 
1S79  and  1 880.    9  vols.  8vo,  price  £1$  2s.  6d. 


ELEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.  By  William  Allen  Miller,  M.D.,  D.C.L., 
LL.D.,  late  Professor  of  Chemistry  in  King's  College,  London.  Part  I. 
CHEMICAL  PHYSICS.  Sixth  Edition,  revised  by  Herbert  McLeod, 
F.C. S.    With  274  Woodcuts.    8vo,  price  16s. 

TV/TILLER'S  ELEMENTS  OF  CHEMISTRY,  Part  II. 

iV1  INORGANIC  CHEMISTRY.  Sixth  Edition,  revised  throughout,  with 
Additions  by  C.  E.  Groves,  Fellow  of  the  Chemical  Societies  of  London, 
Paris,  and  Berlin.    With  376  Woodcuts.    8vo,  price  24J. 

A/TILLER'S  ELEMENTS  OF  CHEMISTRY,  Part  III. 

lyL  ORGANIC  CHEMISTRY,  or  the  Chemistry  of  Carbon  Compounds. 
Hydrocarbons,  Alcohols,  Ethers,  Aldehides  and  Paraffinoid  Acids.  Fifth 
Edition,  revised  and  in  great  part  re-written,  by  H.  E.  Armstrong, 
F.R.S.,  and  C.  E.  Groves,  F.C.S.    8vo,  price  31J.  6d. 


INTRODUCTION  TO  THE  STUDY  OF  IN- 

ORGANIC  CHEMISTRY. 

By  William  Allen  Miller,  M.D.,  D.C.L.,  LL.D.,  late  Professor  of 
Chemistry  in  King's  College,  London.  With  71  Figures  on  Wood. 
New  Edition.    Small  8vo,  price  3-r.  6d. 


QUANTITATIVE  CHEMICAL  ANALYSIS. 
By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the 
Andersonian  University,  Glasgow.    With  88  Woodcuts.    Sixth  Edition. 
Small  8vo,  4^.  6d. 


QUALITATIVE  CHEMICAL  ANALYSIS  AND 
LABORATORY  PRACTICE. 

By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the  Ander- 
sonian University,  Glasgow;  and  M.  M.  Pattison  Muir.  With  Plate 
and  57  Woodcuts.    Fourth  Edition.    Small  8vo,  price  3J.  6d. 


J±  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  with  express  reference  to  the 
Three  Months' Summer  Practice.  By  William  Odling,  M.A.,  F.R.S. 
Fifth  Edition,  with  71  Woodcuts.    Crown  8vo,  price  6s. 


IO 


WORKS  ON  GENERAL  SCIENCE, 


INORGANIC     CHEMISTRY,  THEORETICAL 

AND  PRACTICAL  ;  with  an  Introduction  to  the  Principles  of  Chemical 
Analysis,  Inorganic  and  Organic.  By  William  Jago,  F.C.S.,  Asso.  Inst. 
Chem.,  &c. ,  Science  Master  in  the  Brighton  School  of  Science  and  Art. 
Eighth  Edition,  revised  and  enlarged;  with  46  Woodcuts.  Fcap.  8vo,  price  2s. 


NTRODUCTION  TO  THE  STUDY  OF  OR- 
GANIC CHEMISTRY; 

The  Chemistry  of  Carbon  and  its  Compounds.  By  H.  E.  Armstrong, 
F.R.S.,  Sec.  Chem.  Soc.  With  8  Woodcuts.  Fourth  Edition.  Small 
8vo,  price  2s-  £>d. 


A 


SHORT    TEXT-BOOK    OF  INORGANIC 

CHEMISTRY. 

By  Dr.  Hermann  Kolbe,  Professor  of  Chemistry  in  the  University  of 
Leipzig.  Translated  and  edited  by  T.  S.  Humpidge,  Ph.D.,  B.  Sc.(Lond.), 
Professor  of  Chemistry  and  Physics  in  the  University  College  of  Wales, 
Aberystwyth.  With  a  coloured  Table  of  Spectra  and  66  Woodcuts.  Crown 
8vo,  price  Js.  6d. 

pHEMICAL    NOTES    FOR   THE  LECTURE 

ROOM— ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION, 
AND   CHEMISTRY    OF   THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.  Fourth  Edition.  Crown  8vo,  price  $s. 
NOTES  ON  THE  METALS,  by  the  same  Author.  Second  Edition,  price  5*. 

PRACTICAL  CHEMISTRY; 

The  Principles  of  Qualitative  Analysis.  By  William  A.  Tilden,  D.Sc. 
Lond.,  F.C.S.    Fourth  Edition.    Fcp.  8vo,  price  is.  6d. 

INTRODUCTION     TO     THE     STUDY  OF 

CHEMICAL  PHILOSOPHY; 

The  Principles  of  Theoretical  and  Systematic  Chemistry.  By  William 
A.  Tilden,  D.Sc.  &c.  With  S  Woodcuts.  New  Edition.  Small  8vo, 
price  3^.  6d.    With  Answers  to  Problems,  price  4s.  6d. 


A 


N   INTRODUCTION  TO  PRACTICAL  OR- 
GANIC ANALYSIS; 

Adapted  to  the  requirements  of  the  First  M.B.  Examination.  By  George 
E.  R.  Ellis.    Fcap.  8vo,  price  u.  6d. 


EXPERIMENTAL  CHEMISTRY 

For  Junior  Students.  By  J.  Emerson  Reynolds,  M.D..F.R.S.,  Professor 
of  Chemistry,  Univ.  of  Dublin.    Fcp.  8vo,  with  numerous  Woodcuts. 
Part  I.— Introductory,  price  is.  6d.  , 
Part  II.— Non-Melah,  with  an  Appendix  on  Systematic  Testing  for  Acids, 
price  2s.  6d. 

Part  III.— Metals  and  Allied  Bodies,  price  3*.  6d. 
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CELECT  METHODS  IN  CHEMICAL  ANALYSIS 

^  (chiefly  Inorganic).  By  W.  Crookes,  F.R.S.,  V.P.C.S.,  Editor  of 
"The  Chemical  News."  Second  Edition,  re-written  and  greatly  enlarged. 
Illustrated  with  37  Woodcuts.    8vo,  price  24s. 


NDUSTRIAL  CHEMISTRY; 

A  Manual  for  use  in  Technical  Colleges  or  Schools,  also  for  Manufacturers 
and  others,  based  on  a  Translation  of  Stohmann  and  Engler's  German 
Edition  of  Payen's  Precis  de  Chimie  Industrielle.  Edited  and  supple- 
mented with  Chapters  on  the  Chemistry  of  the  Metals,  &c,  by  B.  H. 
Paul,  Ph.D.    With  698  Woodcuts.    Medium  8vo,  price  42J. 


P 


IESSE'S  ART  OF  PERFUMERY, 

And  Methods  of  obtaining  the  Odours  of  Plants  ;  the  Growth  and  General 
Flower  Farm  System  of  raising  Fragrant  Herbs  ;  with  Instructions  for  the 
Manufacture  of  Perfumes  for  the  Handkerchief,  Scented  Powders,  Odorous 
Vinegars  and  Salts,  Snuff,  Dentifrices,  Cosmetics,  Perfumed  Soap,  &c.  To 
which  is  added  an  Appendix  on  Preparing  Artificial  Fruit  Essences,  &c. 
Fourth  Edition,  with  100  Woodcuts.    Square  crown  8vo,  price  z\s. 


ELEMENTARY  TREATISE  ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  Elements  de  Physique  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Twelfth  Edition,  revised  and  enlarged, 
with  5  Coloured  Plates  and  898  Woodcuts.    Large  crown  8vo,  price  15J. 


XTATURAL    PHILOSOPHY   FOR  GENERAL 

L^    READERS  AND  YOUNG  PERSONS  ; 

Being  a  Course  of  Physics  divested  of  Mathematical  Formulas,  and  ex- 
pressed in  the  language  of  daily  life.  Translated  from  Ganot's  Cours  de 
Physique  (with  the  Author's  sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S. 
Fifth  Edition,  carefully  revised;  with  25  pages  of  New  Matter,  2 
Coloured  Plates,  and  471  Woodcuts.    Crown  8vo,  price  Js.  6d. 


TTRE'S  DICTIONARY  OF  ARTS,  MANUFAC- 

^    TURES,  AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  The  Seventh 
Edition,  completely  revised  and  greatly  enlarged  by  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records,  assisted  by  F.  W.  Rudler,  F.G.S., 
and  by  numerous  Contributors.  With  2,604  Woodcuts.  4  vols,  medium 
8vo,  price  £"]  "js. 
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WORKS  BY  PROFESSOR  TYNDALL. 
J-JEAT  A  MODE  OF  MOTION. 

Sixth  Edition  (Thirteenth  Thousand),  revised  and  enlarged  ;  with  124 
Woodcuts.    Crown  8vo,  price  I2j. 

COUND. 

Fourth  Edition,  revised  and  augmented.  With  Frontispiece  of  Fog-Syren, 
and  200  Woodcuts.    Crown  8vo,  price  ioj.  6d. 

LECTURES  ON  LIGHT  delivered  in  America  in  1872 

and  1S73.    Fourth  Edition,  with  57  Diagrams.    Crown  8vo,  price  5^. 

T  ESSONS    IN    ELECTRICITY  AT  THE  ROYAL 
INSTITUTION  OF  GREAT  BRITAIN,  1875-76. 
With  58  Woodcuts.    Crown  8vo,  price  2s.  6d. 

TVTOTES  OF  A  COURSE  OF  SEVEN  LECTURES 

ON  ELECTRICAL  PHENOMENA  AND  THEORIES.  Crown 
8vo,  price  is.  sewed,  or  is.  6d.  cloth. 

JSJOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.    Crown  8vo,  price  is.  sewed,  or  is.  6d.  cloth. 

pRAGMENTS  OF  SCIENCE; 

A  Series  of  Detached  Essays,  Addresses,  and  Reviews.  Sixth  Edition, 
revised  and  augmented.    2  vols,  post  8vo,  price  i6j. 

PSSAYS  ON  THE  FLOATING  MATTER  OF  THE 

J-'    AIR  IN  RELATION  TO  PUTREFACTION  AND  INFECTION. 

Second  Edition,  with  24  Woodcuts.    Crown  8vo,  price  p.  6d. 

pARADAY  AS   A  DISCOVERER. 
Fcp.  8vo,  price  3s.  6d. 


^TEXT-BOOK  OF  PHYSICAL  OPTICS. 

By  R  T.  Glazebrook,  M.A.,  F.R.S.,  Fellow  and  Lecturer  of  Trinity 
College,  Cambridge.  Second  Edition.  Small  8vo,  with  numerous  Wood- 
cuts, price  6s. 

npEXT-BOOK  OF  PRACTICAL  PHYSICS. 

By  R.  T.  Glazebrook,  M.A.,  F.R.S.,  Fellow  of  Trinity  College,  Cam- 
bridge, and  W.  N.  Shaw,  M.  A.,  Fellow  of  Emmanuel  College,  Cambridge. 
Small  8vo,  with  Woodcuts,  price  6s. 


A  RNOTT'S    ELEMENTS    OF    PHYSICS  OR 

NATURAL  PHILOSOPHY. 

Eighth  Edition,  edited  by  A.  Bain,  LL.D.,  and  A.  S.  TAYLOR,  M.D., 
F.R.S.    Crown  8vo,  Woodcuts,  price  12s.  6d. 
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THE    ROTIFERA   OR    'WHEEL  ANIMAL- 

CULES ' 

By  C.  T.  Hudson,  LL.D.  and  P.  II.  Gosse,  F.R.S.  6  Parts  410, 
price  ioj-.  6d.  each.    Complete  in  Two  Volumes,  4to,  price  £3  \os. 

**•*  The  work  gives  a  full  account  of  the  class  Rotifera,  Illustrated 
by  thirty  plates  of  coloured  figures,  drawn  from  life  by  the  Authors,  and 
including  almost  all  the  known  British  species. 

It  also  contains  descriptions  and  figures  of  the  more  important 
foreign  species. 

The  correlation  of  physical  forces. 

Sixth  Edition,  with  other  contributions  to  Science.  By  the  Hon.  Sir  W. 
R.  Grove,  M.A.,  F.R.S.,  one  of  the  Judges  of  the  Court  of  Common 
Pleas.    8vo,  price  i$s. 


SPECTRUM  ANALYSIS  IN  ITS  APPLICATION 

TO  TERRESTRIAL  SUBSTANCES, 

And  the  Physical  Constitution  of  the  Heavenly  Bodies.  Familiarly  ex- 
plained by  the  late  Dr.  H.  Schellen.  Translated  from  the  Third 
Enlarged  and  Revised  German  Edition  by  Jane  and  Caroline  Lassell. 
Edited,  with  Notes,  by  Capt.  W.  De  \V.  Abney,  R.E.  Second  Ediiion. 
With  14  Plates  (including  Angstrom's  and  Cornu's  Maps)  and  291  Wood- 
cuts.   8vo.    Price  31J.  6d. 


£LEMENTS  OF  ASTRONOMY. 

By  Sir  Robert  S.  Ball,  LL.D.,  F.R.S.,  Professor  of  Astronomy  in  the 
University  of  Dublin,  and  Royal  Astronomer  of  Ireland.  With  136  Figures 
and  Diagrams.    Small  8vo,  price  6s. 

OUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart.,  K.H.,  &c,  Member  of  the  Insti- 
tute of  France.  Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams. 
Square  crown  Svo,  price  12s. 

CELESTIAL  OBJECTS  FOR  COMMON  TELE- 

SCOPES. 

By  the  Rev.  T.  W.  Webb,  M.A.  Fourth  Edition,  adapted  to  the  Present 
State  of  Sidereal  Science  ;  Map,  Plate,  Woodcuts.    Crown  Svo,  price  9s. 


N   THE    SENSATIONS    OF    TONE  AS  A 

PHYSIOLOGICAL  BASIS  FOR  THE  THEORY  OF 
MUSIC. 

By  Hermann  L.  F.  Helmholtz,  M.D.,  Professor  of  Physics  in  the 
University  of  Berlin.  Second  English  Edition  ;  with  numerous  additional 
Notes,  and  a  new  Additional  Appendix,  bringing  down  information .  to 
1885,  and  specially  adapted  to  the  use  of  Musical  Students.  By  Alexander 
J.  Ellis,  B.A.,  F.R.S.,  F.S.A.,  &c,  formerly  Scholar  of  Trinity  College, 
Cambridge.  With  68  Figures  engraved  on  Wood,  and  42  Passages  in 
Musical  Notes.    Royal  8vo,  price  2&r. 
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WORKS  ON  GENERAL  SCIENCE, 


WORKS  BY  RICHARD  A.  PROCTOR,  B.A. 
A  NEW  STAR  ATLAS, 

For  the  Library,  the  School,  and  the  Observatory,  in  Twelve  Circular  Maps 
(with  Two  Index  Plates).  Intended  as  a  Companion  to  '  Webb's  Celestial 
Objects  for  Common  Telescopes.'  With  a  Letterpress  Introduction  on  the 
Study  of  the  Stars,  illustrated  by  9  Diagrams.    Crown  8vo,  price  $s. 

LARGER  STAR  ATLAS, 

For  the  Library,  in  Twelve  Circular  Maps,  with  Introduction  and  Two 
Index  Pages.    Fourth  Edition.    Folio,  price  15^.,  or  Maps  only,  12s.  6d. 

'"THE    SUN:   RULER,   LIGHT,     FIRE,  AND 

A     LIFE  OF  THE  PLANETARY  SYSTEM. 

Third  Edition,  revised ;  with  9  Plates  (7  coloured)  and  1 10  Figures  engraved 
on  Wood.    Crown  8vo,  price  14s. 

HpHE  MOON; 

Her  Motions,  Aspects,  Scenery,  and  Physical  Condition.  With  Plates, 
Charts,  Woodcuts,  and  Lunar  Photographs.  Third  Edition.  Crown  8vo, 
price  6s. 

QTHER  WORLDS  THAN  OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  New  Edition,  revised  and  enlarged ;  with  14  Illustrations 
(6  coloured).    Crown  8vo,  price  5x. 

npHE  ORBS  AROUND  US; 

A  Series  of  Familiar  Essays  on  the  Moon  and  Planets,  Meteors  and  Comets, 
the  Sun  and  Coloured  Pairs  of  Suns.  Fourth  Edition,  with  Chart  and 
4  Diagrams.    Crown  8vo,  price  $s. 

'"TRANSITS  OF  VENUS. 

A  Popular  Account  of  Past  and  Coming  Transits,  from  the  First  Observed 
by  Horrocks,  A.D.  1639,  to  the  Transit  of  a.d.  2012.  P"ourth  Edition,  with 
20  Plates  (12  Coloured)  and  38  Woodcuts.    8vo,  price  Sj.  6d. 

gTUDIES  OF  VENUS-TRANSITS. 

An  Investigation  of  the  Circumstances  of  the  Transits  of  Venus  in  1874  and 
1882.    With  7  Diagrams  and  10  Plates  of  Figures.    8vo,  price  $s. 

TJNIVERSE  OF  STARS; 

Presenting  Researches  into  and  New  Views  respecting  the  Constitution  of 
the  Heavens.    With  22  Charts  and  22  Diagrams.    8vo,  price  \os.  6d. 

J±  TREATISE  ON  THE  CYCLOID, 

And  on  all  forms  of  Cycloidal  Curves,  and  on  the  use  of  Cycloidal  Curves 
in  dealing  with  the  Motions  of  Planets,  Comets,  &c,  and  of  Matter  pro- 
jected from  the  Sun.    Crown  8vo,  price  10s.  6d. 

TIGHT  SCIENCE  FOR  LEISURE  HOURS; 

A  Series  of  Familiar  Essays  on  Scientific  Subjects,  Natural  Phenomena,  &c. 
First,  Second,  and  Third  Series.    Crown  Svo,  price  5.r.  each. 
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^pEXT-BOOK  of  SYSTEMATIC  MINERALOGY. 

By  Hilary  Bauerman,  F.G.S.,  Associate  of  the  Royal  School  of  Mines. 
With  372  Woodcuts.    Small  8vo,  price  6s. 

TpEXT-BOOK  of  DESCRIPTIVE  MINERALOGY. 

By  Hilary  Bauerman,  F.G.S.,  Associate  of  the  Royal  School  of  Mines. 
With  236  Woodcuts.    Small  8vo,  price  6s. 


TV/TETALS,  THEIR  PROPERTIES  and  TREAT- 

1VA  MENT. 

By  C.  L.  Bloxam,  Professor  of  Chemistry  in  King's  College,  London. 
With  105  Figures  on  Wood.  New  Edition,  partially  re-written  and 
augmented,  by  A.  K.  Huntington,  Professor  of  Metallurgy  in  King's 
College,  London.    Small  8vo,  price  5s. 

JyJANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.C.S.  Fifth  Edition,  in  which  are  incorporated 
all  the  recent  valuable  improvements  in  Assaying  ;  including  Volumetric 
and  Colorimetric  Assays,  and  the  Blowpipe  Assays.  Edited  and  re-written 
by  W.  Crookes,  F.R.S.,  with  188  Woodcuts.    8vo,  price  3 1 s.  6d. 


A  PRACTICAL  TREATISE  ON  METALLURGY, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Metallurgy, 
by  William  Crookes,  F.R.S.,  and  Ernst  Rohrig,  Ph.D.  3  vols. 
8vo,  price  i<)s. 

'TpHE  TREASURY  OF  BOTANY,  OR  POPULAR 

*~     DICTIONARY  OF  THE  VEGETABLE  KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  by 
J.  Lindley,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S.  With  20  Steel 
Plates,  and  numerous  Woodcuts.    2  Parts,  fcap.  8vo,  price  12s. 

T  OUDON'S  ENCYCLOPEDIA  OF  PLANTS: 

Comprising  the  Specific  Character,  Fescription,  Culture,  History,  Applica- 
tion in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
by  Mrs.  Loudon.    8vo,  with  above  12,000  Woodcuts,  price  qzs. 

r\ECAISNE  &  LE  MAOUT'S  GENERAL  SYS- 

*^  TEM  OF  DESCRIPTIVE  AND  ANALYTICAL  BOTANY. 
The  Orders  arranged  after  the  Method  followed  in  the  Universities  and 
Schools  of  Great  Britain,  its  Colonies,  America,  and  India,  with  Additions, 
an  Appendix  on  the  Natural  Method,  and  a  Synopsis  of  the  Orders,  by 
Sir  J.  D.  Hooker,  C.B.,  F.R.S.  With  5,500  Woodcuts.  Imperial  8vo, 
3 1  J.  6d. 

HPEXT-BOOK  OF  STRUCTURAL  AND  PHY- 

SIOLOGICAL  BOTANY. 

By  Professor  Otto  W.  Thome.  Translated  and  Edited  by  A.  W.  Ben- 
nett, M.A.,  B.  Sc.,  F.L.S. ,  Lecturer  on  Botany  at  St.  Thomas's  Hospital. 
With  Map  and  600  Woodcuts.    Fifth  Edition.    Small  8vo,  price  6s. 


Armstrong's  Organic  Chemistry 

Arnott's  Elements  of  Physics  . 

Ashby's  Notes  on  Physiology    .  . 

Ball's  Text-book  of  Astronomy  .  . 

Bauerman's  Mineralogy . 

Bloxam  on  Metals     .       .       .  . 

Bull's  Hints  to  Mothers     .       .  . 

 Management  of  Children 

Coats's  Manual  of  Pathology     .  . 

Cooke's  Tablets  of  Anatomy  and 
Physiology  .... 

Crookes'  Chemical  Analysis      .  . 

Decaisne  and  Le  Maout's  Botany  . 

Dickinson  on  Renal  and  Urinary 
Affections  

Ellis's  Introduction  to  Practical  Or- 
ganic Analysis  .       .       .  • 

Erichsen  on  Concussion  of  the  Spine 

 's  Surgery  .       .       .  . 

Ganot's  Natural  Philosophy      .  . 

  Physics  .... 

Garrod  on  Gout       .       .       .  . 

 on  the  Laryngoscope  . 

 's  Materia  Medica 

Glazebrook's  Optics 

 Practical  Physics 

Gray's  Anatomy  .... 

Grove's    Correlation    of  Physical 
Forces  

Hassall's  San  Remo  .  . 

 Inhalation  Treatment  of 
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The    Sensations  of 
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Helmholtz's 

Tone  ..... 
Herschel's  Outlines  of  Astronomy  . 
Hewitt  on  the  Diseases  of  Women  . 
Holmes's  Surgery  .  .  .  . 
Hudson  and  Gosse's  The  Rotifera  . 
Husband's  Examination  Questions . 
Jago's  Inorganic  Chemistry  . 
Jones'  The  Health  of  the  Senses  . 
Kerl's  Metallurgy     .  .  . 

Kolbe's  Inorganic  Chemistry 
Lindley's  Treasury  of  Botany     .  . 
Little  on  Genu  Valgum 
Liveing's  Diseases  of  the  Skin  .  . 

 Treatment  of  ditto 

 Leprosy  .       .       .  . 

Longmore  on  Gunshot  Injuries 
Loudon's  Encyclopaedia  of  Plants  . 
Miller's  Elements  of  Chemistry 

 Inorganic  Chemistry     .  . 

Mitchell's  Assaying        .     _  . 
Morehead  on  Disease  in  India   .  . 
Murchison  on  Continued  Fevers  . 

 on  Diseases  of  the  Liver 

Odling's  Practical  Chemistry  . 
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Owen's  Comparative  Anatomy  and 

Physiology  of  Vertebrata  . 
Paget's  Clinical  Lectures  and  Essays 

 Surgical  Pathology  . 

Pasteur's  Life 

Payen's  Industrial  Chemistry 
Piesse's  Art  of  Perfumery  . 
Proctor's  Light  Science  for  Leisure 
Hours 
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Quain's  Anatomy  . 

 Medical  Dictionary 

Reynolds's  Experimental  Chemistry  io 
Richardson's  (B.  W.)  The  Asclepiad  3 
Salter'sDental  Pathology  andSurgery  6 
Schafer's  The  Essentials  of  His- 
tology .  .  .  -  .  .3 
Schellen's  Spectrum  Analysis  .  .  13 
Smith's  Handbook  for  Midwives    .  8 

 Operative  Surgery  on  the 

Dead  Body  ....  2 
Thome's  Structural  and  Physio- 
logical Botany  .  .  .15 
Thomson's  Conspectus,  by  Birkett  .  8 
Thorpe's  Quantitative  Analysis  .  .  9 
Thorpe&  Muir's  Qualitative  Analysis  9 
Tilden's  Chemical  Philosophy        .  10 

 Practical  Chemistry     .    .  10 

Tyndall's  Faraday  as  a  Discoverer  .  12 

 Fragments  of  Science     .  12 

  Floating  Matter  of  the 

Air  .       .  .12 

 ■ — -  Heat,  a  Mode  of  Motion.  12 

 Light     .       .       .  .12 

  Sound       .       .       .    .  12 

 ■  Lessons  in  Electricity      .  12 

 Notes  on  Electricity  .  .12 

 Notes  on  Light      .  .12 

Ure's  Dictionary  of  Arts,  Manufac- 
tures, and  Mines       .       .    .  11 
Watson's  Principles  and  Practice  of 

Physic    ...  .  3 

Watts's  Dictionary  of  Chemistry  .  9 
Webb's  Celestial  Objects  .  .13 
West's  The  Diseases  of  Children    .  8 

 The  Mother's  Manual  of 

Children's  Diseases  .  .  .  8 
Wood's  Chemical  Notes  .  .  10 
 Notes  on  the  Metals     .    .  10 
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